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ABSTRACT 

INTRODUCTION: The main factors in the development of ST-segment elevation myocardial infarction (STEMI) 
are inflammatory processes and pathophysiological changes due to oxidant stress. The aim of this study is to 
evaluate the association of prevalent STEMI with markers of inflammatory and oxidative stress. The platelet 
to monocyte ratio (PMR) was evaluated as a new hematological inflammatory marker.

MATERIAL AND METHODS: The study is a retrospective observational study conducted in the emergency 
department between January 2018 and January 2019. In the study, all patients who were diagnosed with 
STEMI were considered in the study group. Evaluations of inflammatory and oxidant stress markers, PMR 
value of STEMI patients were performed.

RESULTS: Neutrophil to lymphocyte ratio (NLR) value of 5.63 (3.35–7.84), Monocyte count to high-density 
lipoprotein cholesterol ratio (MHR) value of 16.10 (12.73–19.52), gamma-glutamyl transferase (GGT) value 
of 31.00 (21–39) and CRP value of 5.10 (2.77–9.34) were significantly higher in STEMI cases (p < 0.005). The 
lymphocyte to monocyte ratio (LMR) value of 2.57 (2.00–3.61) and the PMR value of 24.52 ± 7.60 in STEMI 
cases were significantly lower (p < 0.001, p = 0.014). 

CONCLUSIONS: In STEMI patients NLR, GGT, and MHR rates increase significantly and LMR decreases. PMR 
values were also lower in STEMI cases. This shows us that PMR is a new determinant that can be used in 
inflammatory events. However, none of these inflammatory markers and oxidant stress markers can be used 
as diagnostic tests, rather they should be considered as surrogate markers for disease.
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INTRODUCTION
ST-segment elevation myocardial infarction (STEMI) 
manifests as acute thrombotic coronary artery occlusion 
caused by atherosclerotic plaque rupture, plaque ero-
sion or calcific plaque and is the leading cause of death 
worldwide [1, 2]. The main factors in the develop-
ment of this condition are inflammatory processes and 
pathophysiological changes due to oxidant stress [3]. 

Many complete blood count (CBC) parame-
ters are useful predictive markers in cardiovascular 
events [4]. The increase in the neutrophil to lym-
phocyte ratio (NLR), the increase in monocyte count, 
the decrease in lymphocyte count and as a result the 
decrease in the lymphocyte to monocyte ratio (LMR), 
are considered indicative hematological biomarkers 
of inflammatory processes. At the same time, these 
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markers are accepted as predictors both of the se-
verity of the disease and the prognosis in coronary 
procedures for atherosclerotic diseases [5]. Gam-
ma-glutamyl transferase (GGT) plays a role in the 
transport of glutathione, which in turn plays a role 
in intracellular antioxidant mechanisms. GGT levels 
increase in the case of an acute coronary syndrome 
such as atherosclerosis induced by oxidant stress 
[6]. High-density lipoprotein cholesterol (HDL-C) 
has a protective role against inflammation, oxidant 
stress and thrombus development. Monocytes are 
known to play a role in the development of athero-
sclerotic plaque [7]. Monocyte count to high-density 
lipoprotein cholesterol ratio (MHR) has been report-
ed to increase in serious cardiovascular events as 
a result of the development of atherosclerosis [8]. 

The aim of this study was to evaluate the STEMI 
status in which inflammation and oxidant stress play 
a role together with factors such as NLR (which is an 
inflammatory marker) and GGT and MHR (which are 
oxidant stress markers). In addition, the platelet to 
monocyte ratio (PMR) was evaluated as a new he-
matological inflammatory marker in STEMI patients.

MATERIAL AND METHODS
Study design and population
The study is a retrospective observational study 
conducted in the emergency department of Bo-
zok University Faculty of Medicine between January 
2018 and January 2019. The methodology of the 
study was in accordance with the protocol approved 
by the University Local Ethics Committee. 

All patients who were admitted to the emergen-
cy department with chest pain and were diagnosed 
with STEMI or referred from the external center 
with the diagnosis of STEMI and whose blood was 
taken on arrival were considered for the study. All 
data were obtained by examining patients’ files, 
electronic records in the hospital information sys-
tem and angiography reports. STEMI was diag-
nosed by the presence of ST-segment elevation in at 
least two consecutive leads in electrocardiography 
(ECG), which was taken from patients with per-
sistent chest pain or other suggestive symptoms 
of ischemia. STEMI diagnoses were confirmed by 
angio reports. There were 134 patients admitted 
with STEMI during the study period. The following 
patients (n = 48) were excluded from the study: 
those under the age of 18, patients that had con-
sumed alcohol, those with chronic liver function 

impairment or chronic liver disease (both of which 
can affect the GGT levels), patients with deep vein 
thrombosis, peripheral arterial disease, diabetes mel-
litus, metabolic syndrome, heart failure, rheumat-
ic diseases, inflammatory bowel diseases, thyroid 
diseases and inflammatory diseases (which affect 
hematological inflammatory parameters), sufferers 
of familial hypercholesterolemia (which affects the 
HDL-C), patients receiving anticoagulant and anti-
aggregant treatment (which may cause a change in 
platelet counts) and patients with inadequate data. 
The remaining STEMI patients [n = 86: 28 (32.6%) 
female; 58 (76.4%) male]. Healthy volunteers were 
included in the study as the control group, [n = 82: 
37 (44.6%) female; 45 (54.2%) male]. 

The following blood hematological parameters 
were examined from the first blood tests: hemo-
globin (Hb), hematocrit (Htc), leucocyte, monocyte, 
neutrophil, red blood cell distribution width (RDW), 
mean platelet volume (MPV), mean corpuscular he-
moglobin concentration (MCHC), platelet (Plt). GGT 
levels and lipid panels were also examined from the 
first blood samples. In addition, evaluations of NLR, 
LMR, platelet to lymphocyte ratio (PLR), PMR, MHR 
values of STEMI patients were performed.

Laboratory analysis
Tubes containing EDTA (Ethylenedinitrile-tetraacetic 
acid) were used for complete blood count (CBC) 
from all four groups. In order to prevent errors in 
platelet and other hematological parameters, sam-
ples were studied in the biochemistry laboratory 
with an XN-1000 hematology analyzer (Sysmex Cor-
poration, Kobe, Japan) within the first hour. Serum 
gel tubes were used for biochemical analysis before 
centrifugation. Measurements of GGT, C-reactive 
protein (CRP), HDL-C were performed on a Cobas 
6000 analyzer (Roche Diagnostics, Mannheim, Ger-
many). 

Statistical analysis
IBM SPSS Statistics for Windows version 23.0 (IBM, 
Armonk, NY, USA) was used for statistical analy-
sis. The Kolmogorov–Smirnov test was used as a test 
for normality of continuous data and the results 
were expressed as the median with 25th and 75th 
percentiles. A non-parametric Mann–Whitney U test 
was used to compare the medians between the 
two groups. ROC (receiver operating characteristic) 
analysis was performed to evaluate NLR, MHR, PLR, 
LMR and PMR for predicting disease status. The area 
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under the curve and the cut-off value were calcu-
lated for each value. Sensitivity, selectivity, positive 
predictive value and negative predictive value were 
calculated to evaluate the diagnostic test perfor-
mance of each score. The statistical significance level 
was accepted as p < 0.05.

RESULTS
Our study investigated the two groups: STEMI pa-
tients and the control group. The mean age of the 
STEMI group (n = 86) was 61 ± 13 years and 
the mean age of the control group (n = 82) was 
62 ± 12 years. In the STEMI group, 43 (50%) pa-
tients had inferior MI, 30 (34.9%) had anterior MI, 
1 (1.2%) had lateral MI, 3 (3.5%) had posterior MI, 
9 (10.5%) had multiple vascular involvement MI. 

Comparison of the groups
Table 1 shows the comparison of demographic data 
and laboratory parameters of the patient and control 
groups. NLR value of 5.63 (3.35–7.84), MHR value 
of 16.10 (12.73–19.52), GGT value of 31.00 (21–39) 
and CRP value of 5.10 (2.77–9.34) were significant-
ly higher in STEMI cases compared to the control 
group (p < 00.5). The LMR value of 2.57 (2.00–3.61)  

and the PMR value of 24.52 ± 7.60 in STEMI cases 
were significantly lower compared with the control 
group (p < 0.001, p = 0.014) (Fig. 1). When Hb, 
HCT, MCHC, PLT, HDL-C and PLR values were exam-
ined, no statistically significant difference was found 
between the two groups (p > 0.05).

ROC analysis
Table 2 shows the sensitivity, specificity, positive pre-
dictive values, negative predictive values and area 
under curve values of the patients and the control 
group according to ROC analysis. In the analysis, 
high GGT, MHR and NLR were found to be signif-
icant in favor of the disease (p < 0.001), whereas 
low LMR and PMR were found to be significant in 
favor of the disease (p < 0.001, p = 0.014). In Fig-
ure 2, ROC analysis graphs of GGT, NLR, MHR, PLR, 
LMR and PMR values are given.

DISCUSSION
Because both inflammatory processes and oxidant 
stress play an important role in the pathophysiology 
of acute coronary syndrome, blood parameters as-
sociated with these two conditions were examined 
together in this study. While NLR, GGT and MHR 

Table 1. Comparison of laboratory parameters between case and control group

Case
n = 86

Control
n = 82 p value

Age
WBC
Neutrophil
Lymphocyte
Monocyte
Hb
Htc
MCV
MCHC
RDW
PLT
MPV
GGT
CRP
HDL-C
NLR
PLR
LMR
PMR
MHR

61 ± 13
11.90 (9.82–13.40)
9.01 (6.70–11.26)
1.71 (1.30–2.20)

0.68 ± 0.20
14.00 ± 1.78
41.65 ± 5.42
88.29 ± 5.05
33.12 ± 1.57
13.20 ± 1.35

258.40 ± 68.56
11.50 ± 9.32
31.00 (21–39)

5.10 (2.77–9.34)
42 (38–48)

5.63 (3.35–7.84)
151 (105–200)

2.57 (2.00–3.61)
24.52 ± 7.60

16.10 (12.73–19.52)

62 ± 12
7.26 (6.36–8.52)
4.36 (3.70–5.50 )
2.19 (1.77–2.61)

0.55 ± 0.13
14.12 ± 1.44
42.38 ± 4.00
85.47 ± 5.23
33.31 ± 1.12
13.55 ± 1.08

274.27 ± 53.93
10.18 ± 0.81
17.00 (13–23)

2.49 (1.34–3.58)
41.2 (37–51)

2.08 (1.48–2.70)
124(104–166)

3.96 (2.83–4.78)
27.17 ± 6.08

12.75 (8.96–16.38)

0.674
< 0.001
< 0.001
< 0.001
< 0.001

0.638
0.324
0.001
0.549
0.045
0.099
0.018

< 0.001
< 0.001

0.894
< 0.001

0.075
< 0.001
0.014

< 0.001

Data were expressed as Mean ± SD and median (25%–75% interquartile range).
CRP — C-reactive protein; GGT — gamma-glutamyltransferase; Hb —hemoglobin; HDL-C — High density lipoprotein cholesterol (HDL-C); Htc — hematocrit; LMR — lymphocyte to 
monocyte ratio; MCHC — mean corpuscular hemoglobin concentration; MCV — main corpuscular volume; MHR — monosite to HDL-C; MPV — mean platelet volume; NLR — neutrophil 
to lymphocyte ratio; PLR — platelet to lymphocyte ratio; PLT — platelet; PMR — platelet to lymphocyte ratio; RDW — Red blood cell distribution width
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Figure 1. Relationship between parameters and disease

Table 2. Comparison of GGT, NLR, PLR, LMR, PMR values according to disease status

Variables
Statistical diagnostic measures ROC curve statistics

Cutoff SEN (95% CI) SPE (95% CI) PPV (95% CI) NPV (95% CI) AUC p

GGT
NLR
MHR
PLR
LMR*
PMR*

17.5
2.152

14.370

2.722
19.692

0.839
0.897
0.667

0.840
0.914

0.568
0.580
0.605

0.586
0.253

83.9
89.7
66.7

41.4
74.7

56.8
58.0
60.5

84.0
8.6

0.793
0.836
0.642
0.580
0.747
0.610

< 0.001
< 0.001
0.001
0.075

< 0.001
0.014

AUC — Area under curve; CI — Confidence interval; GGT — gama-glutamyl transferase; LMR — lymphocyte to monocyte ratio; MHR — monosite to HDL-C; NLR — neutrophil to lym-
phocyte ratio; NPV — Negative predictive value; PLR — platelet to lymphocyte ratio; PMR — platelet to lymphocyte ratio; PPV — Positive predictive value; ROC — Receiver operating 
characteristic; SEN — Sensitivity; SPE — Specificity 
* a decrease in the value causes the disease



İbrahim Çaltekin, Erdal Demirtaş, Inflammatory markers in STEMI

209www.journals.viamedica.pl

Figure 2. Receiver operating characteristic curves of inflammatory parameters according to the presence of ST-elevation myocardial 
infarction

rates were found to be significant in terms of STEMI 
disease, low LMR and PMR values were also signifi-
cant in terms of disease. It has been determined that 
MHR cannot be used as a marker of disease, but it 
can be useful in terms of prognosis and guidance. 
In addition, low levels of PMR can be used as an 
inflammatory marker in STEMI cases.

NLR, PLR and LMR values are used as markers that 
determine the inflammatory response in many dis-
eases including in cancer cases such as CRP [9, 10].  
In addition to elevated systemic inflammatory re-
sponse, high levels of NLR has been reported to be 
an independent risk factor for increased mortality 
and long-term poor prognosis in both acute cor-
onary syndrome and STEMI patients [11]. In our 
study, high levels of NLR support this information. 

In the evaluations for PLR, both platelet increase and 
lymphocyte decrease have been shown to be a poor 
prognosis predictor for coronary events. Azap et al. 
[10] found that PLR increase is a predictor of long-
term mortality in non-STEMI cases. In our study, 
although the PLR rates in STEMI cases were higher 
than the control group, no statistical significance 
was found. It has been emphasized in many studies 
that LMR, which is expected to decrease in cases 
of malignancy and viral infection, is a predictor of 
coronary slow flow in patients with coronary artery 
disease and has a negative correlation with both 
CRP and NLR [12–14]. Another study showed that 
increased platelet and monocyte activity was found 
to be the predictor of atherosclerosis in hemodialy-
sis patients and peritoneal dialysis patients [15]. In 
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a study on patients with chronic obstructive pulmo-
nary disease (COPD), platelet-monosyte interaction 
was found to have increased [16] but to our knowl-
edge, PMR has not been considered as an inflamma-
tory marker in any study including coronary artery 
disease. In patients with coronary artery disease, 
no change was reported in platelet levels unless 
antiaggregant treatment was used, but changes in 
platelet shape and volumetric measurements, such 
as MPV, were detected [17]. In our study, patients 
receiving anticoagulant and antiaggregant treat-
ment were excluded and no difference was found 
between STEMI cases and the control group in terms 
of platelet measurements. The ratio of platelets to 
monocytes as a result of inflammatory processes 
was found to be low in STEMI cases.

It has been shown that the level of GGT increases 
both in hepatobiliary system pathology and with 
alcohol use and is accepted as a marker for these 
conditions [18, 19]. In addition to being an oxidant 
stress biomarker [6], GGT was also found to be 
active in the oxidation of low-density lipoprotein 
(LDL) and the development of atheroma plaques 
in the coronary arteries [20]. Valjevac et al. [21] 
found a positive correlation between GGT and CRP 
in patients with the acute coronary syndrome. The 
GGT elevation in STEMI cases detected in our study 
confirms this finding.

Monocytes, macrophages and dendritic cell pre-
cursors play a key role in the development of ath-
erosclerosis. Circulating monocytes in patients with 
cardiovascular disease have a high level of surface 
receptors in the inflammatory response. Monocytes 
present in the inflammation area form a complex 
with oxidized LDL. This complex is described as 
a dendritic cell or inflammatory macrophage. These 
cells cause atherosclerosis by forming oily streaks 
or foam cells [22]. HDL-C has anti-inflammatory 
and antioxidant effects on endothelial functions, 
in particular, by interfering with or even reversing 
monocyte activation and adhesion [7]. A literature 
search in the light of this information showed that 
MHR is an independent risk factor for five-year mor-
tality in STEMI patients [8]. Demir et al. [23] found 
that MHR was elevated in patients with metabolic 
syndrome. This increase is due to decreasing HDL-C 
levels in metabolic syndrome. The antioxidant activi-
ty of HDL-C is well known [24]. We found that since 
there was no significant difference between HDL-C 
levels in STEMI patients and the control group, the 
elevation of MHR was independent of antioxidant 

mechanisms and due to the increase in monocytes 
as an inflammatory marker.

There are some limitations to our study. Firstly, 
it was a single-center study and therefore we had 
a limited number of patients. Secondly, our study 
was retrospective and based on files and electron-
ic records. Multi-center studies with larger patient 
groups are needed.

CONCLUSIONS
Previous studies have investigated hematological 
inflammatory markers and oxidant stress markers 
separately in STEMI cases. However, to the best of 
our knowledge, there has not been a study that 
examines all of these markers together. In STEMI 
patients NLR, GGT, and MHR rates increase signif-
icantly and LMR decreases. Cut off values for GGT 
and NLR show high sensitivity for the disease. In 
our study, PMR values were also lower in STEMI 
cases. This shows us that PMR is a new determinant 
that can be used in inflammatory events. However, 
none of these inflammatory markers and oxidant 
stress markers can be used as diagnostic tests, rath-
er they should be considered as surrogate markers 
for disease.
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