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ABSTRACT

Aim To examine a relation of thyroid function, neutrophil-lymp-
hocyte ratio (NLR) with left ventricular function measured thro-
ugh the left ventricular ejection fraction (LVEF) in patients with 
acute myocardial infarction treated with percutaneous coronary 
intervention (PCI).

Methods This prospective research involved 160 consecutive pa-
tients with acute myocardial infarction. Patients were divided into 
those with normal thyroid hormone status (n=80) and those with 
hypothyroidism (newly diagnosed) (n=80). Inflammatory parame-
ters and parameters of hormonal status were taken for analysis: 
thyroid-stimulating hormone (TSH), thyroxine (T4), triiodothyro-
nine (T3), free thyroxine (FT4), and free triiodothyronine (FT3). 
All patients underwent transthoracic echocardiographic examina-
tion (TTE) five days upon admission, and left ventricular ejection 
fraction (LVEF) was analysed.

Results Significant difference between the two groups was veri-
fied in values of T3, T4, erythrocytes, haemoglobin, haematocrit, 
neutrophil, lymphocytes, NLR, C-reactive protein (CRP) and sedi-
mentation rate. Patients with euthyroidism had a higher frequency 
of coronary single-vessel disease (p=0.035) and a significantly 
lower frequency of triple vessel disease (p=0.046), as well as a 
higher median value of LVEF (p=0.003). There was a significant 
correlation between LVEF with haemoglobin values   (p=0.002), 
NLR (p=0.001), and CRP (p=001).

Conclusion The altered status of the thyroid gland in acute 
myocardial infarction is associated with the severity of the coro-
nary blood vessel lesion, LVEF and correlates with inflammatory 
response.
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INTRODUCTION

Ischemic heart disease is differentiated in two di-
rections, as a chronic form (stable angina pectoris) 
and as an acute form (acute coronary syndrome - 
ACS) (1). The term ACS refers to any group of 
clinical symptoms compatible with acute myocar-
dial ischemia and includes unstable angina (UA), 
non-ST-segment elevation myocardial infarction 
(NSTEMI) and ST-segment elevation myocar-
dial infarction (STEMI) (2). In 2018, the Joint 
European Society of Cardiology (ESC)/Ameri-
can College of Cardiology (ACC)/American He-
art Association (AHA)/World Heart Federation 
(WHF) Task Force for the Universal Definition of 
Myocardial Infarction defined myocardial infarc-
tion, either STEMI or NSTEMI, as the presence 
of an acute myocardial injury, verified by elevated 
levels of myocardial necrosis enzymes, as a con-
sequence of acute myocardial ischemia (the most 
severe forms of myocardial ischemia, if they are 
not quite short-term, can lead to myocardial in-
farction, which occurs distal to the site of critical 
narrowing of the coronary artery) (2). NSTEMI 
and STEMI are characterized as an increase in 
troponin above the >99th percentile of referen-
ce values   (3). Poor therapeutic adherence is an 
important barrier to achieving optimal treatment 
goals and is associated with increased rate of 
major adverse cardiac events (MACE). Delayed 
follow-up of patients after acute myocardial in-
farction (AMI) results in a poorer short-term and 
long-term drug treatment (4,5).
Despite progress in the treatment of myocardi-
al infarction, damage to the myocardium and 
subsequent remodelling of the left ventricle re-
main the main serious problems that affect the 
prognosis of patients, and in modern cardiology, 
the focus is on the prediction of a new cardio-
vascular incident, that is, on its primary and se-
condary prevention (4,5). For the functioning of 
the cardiovascular system, maintaining thyroid 
hormone homeostasis is of great importance (6). 
Triiodothyronine (T3) is a regulator of inotropic 
and lusitropic (relaxation) properties of the heart, 
thanks to its influence on myosin isoforms and 
especially on proteins that manage calcium (6). 
Thyroid hormones have a positive effect on oxi-
dative stress after myocardial infarction. T3 and 
tetraiodothyronine or thyroxine (T4) reduce the 
levels of reactive oxygen species (ROS) induced 

by myocardial infarction (6). Hypothyroidism is 
linked to diastolic hypertension, dyslipidaemia, 
atherosclerotic plaque progression and instability 
and endothelial dysfunction (7). Also, in an acute 
incident, there are variations in thyroid plasma 
concentration, which themselves can affect the 
patient’s prognosis as follows: inhibition of the 
5′-deiodination of T4, resulting in increased pla-
sma reverse T3 and decreased plasma T3 values, 
and in a lower metabolic clearance of T4; increa-
sed secretion of TSH (provoked by the lower T3 
levels) resulting in increased thyroidal secretion 
of T4 and T3, which is then switched off by the 
negative feedback of thyroid hormones on the 
pituitary (8). In the experimental application of 
T3 and T4 in rats that suffered a myocardial in-
farction, there was a normalization of cardiac re-
dox status and prevention of lipid peroxidation, 
which was associated with the alleviation of car-
diac remodelling after ischemic injury (9) sugge-
sting that oxidative stress may play an important 
role in the cardioprotective effect of T3 and T4. 
The potential impact of hormonal status on the 
course of myocardial infarction and heart failu-
re may significantly impact future research on 
the individualization of myocardial infarction 
and heart failure treatment, depending on the 
patient’s thyroid status. Considering the impor-
tance of thyroid hormones in the metabolism, the 
question arises whether their values can be im-
portant for the stratification of patients regarding 
the outcome and occurrence of MACE during 
and after AMI. There were no similar investigati-
ons in Bosnia and Herzegovina. 
The aim of the study was to examine the associa-
tion of thyroid function, neutrophil-lymphocyte 
ratio (NLR) with left ventricular function mea-
sured through ejection fraction of left ventricle 
(EFLV) in a patient with acute myocardial infarc-
tion treated with percutaneous coronary interven-
tion (PCI).

PATIENTS AND METHODS

Patients and study design

This prospective research involved 160 consecuti-
ve patients with ACS that were hospitalized in the 
Clinic for Heart, Blood Vessel and Rheumatic Di-
seases, Clinical Centre of the University of Sara-
jevo during the period January-July 2022. The pa-
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tients were divided into those with normal thyroid 
hormone status (n=80) and those with hypothyroi-
dism (newly diagnosed) (n=80). Inclusion criteria 
were: age over 18 years, patients with ACS (STE-
MI or NSTEMI), elevated cardio specific enzymes 
for myocardial necrosis (creatine kinase (CK), 
creatine kinase-MB (CK-MB), cardiac troponin I), 
percutaneous coronary intervention (PCI) perfor-
med during hospitalization, and newly discovered 
hyper or hypothyroidism. Exclusion criteria were 
previous myocardial infarction, previous PCI or 
myocardial revascularization, primary cardiomyo-
pathy, previous hypothyroidism or hyperthyroidi-
sm, diabetes mellitus, patients with chronic renal 
failure and creatinine >2.0 mg/dL (176.8μmol/L) 
and patients on a chronic haemodialysis program, 
pregnancy, malignant disease, treatment with ami-
odarone, patients with psychiatric diagnoses, pati-
ents who were not motivated to perform an inter-
ventional procedure. 
An informed consent was obtained from all pati-
ents following an explanation of the purpose of 
the study. An ethical approval was obtained from 
the Ethical Committee of the Clinical Centre of 
the University of Sarajevo.

Methods

Inflammatory parameters (sedimentation rate, 
leukocytes, platelets, haemoglobin, haematocrit, 
neutrophils, lymphocytes, neutrophil-lymp-
hocyte ratio (NLR), C-reactive protein (CRP), 
and fibrinogen) were measured at admission and 
24-48 hours after the PCI procedure. Parameters 
of hormonal status, thyroid-stimulating hormone 
(TSH), thyroxine (T4), triiodothyronine (T3), 
free thyroxine (FT4), and free triiodothyronine 
(FT3)) were taken within 24 hours of admission. 
The maximum values   of inflammatory parame-
ters were analysed.  Reference ranges for evalua-
ted laboratory parameters were: erythrocytes 4.34 
-5.72 x1012⁄L and 3.86 -5.08 x1012⁄L for males and 
females respectively; leukocytes 3.4-9.7x109⁄L; 
haemoglobin 137-175 g ⁄L in males and 119-157 
g ⁄L in females; haematocrit 0.41-0.53 % in ma-
les and 0.35-0.47% in females;  platelets 158-424 
x109⁄L for males and females; neutrophil granu-
locytes 44-72%; lymphocytes 20-46%; fibrino-
gen 2.0 -4.0 g/L; sedimentation 0 to 22 mm/h for 
males and 0 to 29 mm/hr for females; CRP up to 
5.0 mg ⁄L; T4 66-181 nmol/L; T3 1.3-3.1 nmol/L;  

TSH 0.27-4.20 μmol/mL; FT4 12.0-22.0 pmol/L; 
FT3 3.1-6.8 pmol/L. 
Intrahospital complications were recorded 
(ventricular heart rhythm disorders, atrial 
tachyarrhythmias, acute heart failure and intra-
hospital death). 
All patients underwent transthoracic echocardio-
graphic examination (TTE) after five days of ad-
mission, and LVEF was measured by the Simp-
son method (10).

Statistical analysis

Tests of descriptive statistics were performed, 
with the display of measures of central tendency 
and dispersion. Each variable was tested for be-
longing to a normal distribution using the Kolmo-
gorov-Smirnov test. Quantitative variables were 
compared by t-test with a correction for unequal 
variances where they were normally distributed. 
The Kruskal-Walli’s test was used for the non-
parametric analysis of the comparison of average 
values. Categorical variables were analysed with 
the ꭓ2-test, with Yates’s correction for continuity 
for 2x2 tables, or with Fisher’s test for analyses 
in which cells were less than 5. A relative risk de-
termination was calculated using the usual met-
hodology with 2x2 tables. A statistical level of 
95% (p<0.05) was taken as significant.

RESULTS

The average age of patients was 61±11 years; in 
the group of patients with hypothyroidism it was 
64 ± 10 and in patients with euthyroidism 58 ± 
11 years (p<0.001). There were males predomina-
ted in the total sample, 111 (69.4%) (p=0.002), as 
well as in the group with euthyreosis, 65 (81.3%), 
in comparison with the group of patients with 
hypothyroidism, 46 (57.5%). A significant diffe-
rence was verified in monitored parameters (T3, 
T4, erythrocytes, haemoglobin, haematocrit, neu-
trophil, lymphocytes, NLR, CRP, sedimentation). 
In accordance with coronary angiography, patients 
with euthyroidism were more frequently without 
the presence of coronary disease (p=0.01) and sin-
gle-vessel disease (p=0.035), and less frequently 
with triple vessel disease (p=0.046). No statisti-
cally significant difference was verified between 
the groups in two-vessel and multivessel coronary 
disease occurrence. In both groups, two (2.5%) pa-
tients were diagnosed with myocardial infarction 
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with non-obstructive coronary arteries (MINO-
CA). A total of 58 (72.5%) patients with euthyreo-
sis achieved complete resolution of the ST segment 
compared to 44 (55%) of those with hypothyroidi-
sm (p=0.02). Patients with hypothyroidism had a 
38.9% higher relative risk for incomplete or absent 
ST-segment resolution after PCI. 
The median value of LVEF in the group of pa-
tients with hypothyroidism was 40% (36-45%), 
while in the group with euthyroid hormone level 
it was 44% (40-48%) (patients with euthyroid 
hormone level had a higher median value LVEF) 
(p=0.003). 
An indication for coronary artery bypass graft 
(CABG) during hospitalization was significantly 
more frequent (p=0.045) in the group of patients 
with hypothyroidism, 21 (26.3%), compared to 
euthyroid patients, 10 (12.5%). 
The total number of in-hospital complications 
was significantly higher (p<0.001) within the gro-
up of patients with hypothyroidism, 42 (52.5%), 
in comparison with patients with euthyroid hor-
mone level, 17 (21.3%). 
Atrial tachyarrhythmia was also significantly 
more frequent (p=0.002) in the group with 
hypothyroidism, 15 (18.8%), than in the eu-
thyroid group, two (2.5%). There was a signifi-
cant correlation between EFLV with haemoglo-
bin values   (p=0.002), NLR (p=0.001), and CRP 
(p=001) (Table 1).

DISCUSSION

In patients with decreased thyroid hormone valu-
es, CRP and sedimentation values   were elevated, 
indicating that these patients have an increased 
inflammatory response. In addition, haemoglo-
bin, haematocrit and erythrocyte values   were de-
creased. The number of intrahospital complicati-
ons in patients with hypothyroidism was higher, 
and the LVEF itself was lower. Our data revealed 
that there was a significant correlation between 
LVEF with haemoglobin, NLR and CRP values. 
Research indicates CRP levels are elevated du-
ring progressive thyroid failure, which could be 
an additional risk factor for coronary heart dise-
ase in hypothyroid patients (11). Interestingly, 
assessing CRP and troponin levels, a prospecti-
ve multicentre observational study by Jabbar et 
al. indicated a twofold higher risk of mortality 
in AMI patients with low serum T3 levels (tho-
ugh not on other forms of thyroid dysfunction), 
implying a potential therapeutic modality for 
this group of patients (12). However, in a study 
conducted by Wang et al. it was observed that, 
in STEMI patients, CRP levels were negati-
vely correlated with FT3 but positively correla-
ted with cardiac injury biomarkers, suggesting 
that the link between AMI and a decreased 
thyroid function profile could be well mediated 
by an inflammatory response (13). In our study, 
euthyroid patients were more frequently without 
the presence of coronary disease on coronary an-
giography, as well as with single-vessel disease; 
patients with hypothyroidism had a significantly 
higher relative risk for incomplete or absent ST-
segment resolution after PCI. Wang et al. indica-
ted that in AMI patients, there was an increased 
risk of revascularization and heart failure due to 
hypothyroid status, which was therefore conside-
red to be an independent prognostic factor for ma-
jor adverse cardiovascular events (14). Our study 
found that the patients with euthyroid hormone 
level had a higher median value of LVEF. Inte-
restingly, in the study of patients with subclinical 
hypothyroidism and AMI it was suggested that 
thyroid replacement therapy did not substantially 
improve left ventricular ejection fraction (LVEF) 
during the follow-up period, thus not favouring 
the idea that patients with AMI should be treated 
for subclinical hypothyroidism (15). Moreover, 
in our study, the total number of in-hospital com-

Parameter
Euthyroidism 
(Mean ±SD)

(n=80)

Hypothyroidism 
(Mean ±SD)

(n=80)
p 

Triiodothyronine (T3) 
(nmol/L) 1.96 ± 0.55 1.21±0.31 <0.001

Thyroxine (T4) (nmol/L) 111.40±20.83 103.82±24.0 0.034
Free triiodothyronine (T3) 
(pmol/L) 4.58±0.66 4.20±1.99 0.112

Free thyroxine (T4) 
(pmol/L) 16.82±2.69 16.28±4.08 0.325

Erythrocytes (x1012⁄L) 5.02±0.48 4.73±0.48 <0.001
Leucocytes (x109⁄L) 9.67±1.98 9.55±2.56 0.732
Platelets (x109⁄L) 225.35±68.56 240.65±67.56 0.157
Haemoglobin (g ⁄L) 152.61±14.95 144.04±17.00 0.001
Haematocrit (%) 45.32±4.50 43.35±5.37 0.013
Neutrophils % 4.57±1.37 6.94±1.48 <0.001
Lymphocytes (%) 1.26±0.60 1.08±0.38 0.021
Neutrophil/lymphocyte 
ratio 4.10±1.47 6.76±1.65 <0.001

C-reactive protein (mg ⁄L) 10.85±10.58 19.34±19.52 0.001
Fibrinogen (g ⁄L) 4.62±2.46 4.55±2.20 0.858
Sedimentation (mm/h) 9.01±7.30 23.24±14.84 <0.001

Table 1. Monitored parameters in two group of patients

SD, standard deviation;
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plications was significantly more frequent within 
the group of patients with hypothyroidism. In 
particular, an indication for CABG during hospi-
talization was significantly more frequent in the 
group of patients with hypothyroidism. Similarly, 
an observational study evaluating the TSH and 
FT4 level of STEMI patients with previously un-
known and untreated subclinical hypothyroidism 
(SCH), who underwent primary PCI, reported 
poor in-hospital outcomes compared to euthyro-
id patients; also, patients with SCH were more 
likely to have lower LVEF (equal to or less than 
40%) level, contributing to short-term and long-
term mortality (16,17). These findings in patients 
with hypothyroid status could be attributed to 
decreased nitric oxide availability, which may 
contribute to endothelial dysfunction, hampering 
flow-mediated vasodilation, as well as mitochon-
drial oxidative stress caused by elevated plasma 
inflammatory markers or by impaired left ventri-
cular systolic function (16,18).
Furthermore, Li et al. found that, compared to eu-
thyroid patients, STEMI patients with subclinical 
hyperthyroidism at admission, and those with low 
baseline T3 level, had a worse prognosis and an 
increased risk of in-hospital mortality (19). 
Limitations of this study include the observatio-
nal study design and a relatively small sample 

size. However, one of the study’s strengths is that 
it evaluated relevant variables affecting thyroid 
function. Moreover, the prospective nature of our 
study allowed for the systematic collection of all 
pertinent data. The paper indicates the importan-
ce of thyroid hormone in the evaluation of the in-
flammatory process during AMI and indicates im-
portance of thyroid hormone in MACE prediction.
In conclusion, the cardiovascular system is con-
siderably and adversely impacted by the role of 
TSH, its absence, as well as alterations in thyroid 
hormone concentrations. In ACS patients, routine 
thyroid function testing before performing PCI 
should be done. The altered status of the thyroid 
gland in acute myocardial infarction is associa-
ted with the severity of the coronary blood vessel 
lesion, LVEF and correlates with inflammatory 
response. Routine analysis of the hormonal status 
of the thyroid gland along with other risk factors 
enables better screening of patients with a higher 
probability of developing in-hospital complica-
tions and a worse outcome in acute myocardial 
infarction.
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