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ABSTRACT

Aim To investigate the lipid membranes of rat enterocytes in chro-
nic carrageenan-induced gastroenterocolitis accompanied by the 
activation of apoptotic processes.

Methods Steady-state fluorescence spectroscopy: a study by flu-
orescent probes – by ortho-hydroxy derivatives of 2,5-diaryl-1,3-
oxazole. Activity of apoptosis signal-regulating kinase 1 and poly 
(ADP-ribose) polymerase in small intestinal homogenates, blood 
serum levels of matrix metalloproteinase-2 and caspase-3 and the 
level of DNA fragmentation in small intestinal homogenates were 
determined.

Results Biochemical analysis revealed that an activation of apop-
totic processes occurred in the intestinal epithelium of rats during 
chronic carrageenan-induced gastroenterocolitis. The fluorescence 
probes showed that activation of apoptotic processes in carragee-
nan-induced gastroenterocolitis was accompanied by changes in 
polar regions of rat enterocyte membranes, while no changes were 
revealed in more hydrophobic regions of the membranes.

Conclusion The increase in hydration of membranes was attributed 
to the activation of the apoptosis of enterocytes. It has been shown 
that a fluorescent probe (2-(2′-hydroxyphenyl)-5-phenyl-1,3-oxa-
zole) can be used for the detection of apoptosis of enterocytes.

Key words: apoptosis, caspases, food additives, rats, inflamma-
tion
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INTRODUCTION

Carrageenan is a high molecular weight anionic 
polymer, which is obtained by extraction from red 
seaweeds (1). Carrageenan acts as a natural gelling 
agent and a thickener in dairy, confectionery and 
meat products. Food carrageenan (food additive 
E407) has an average molecular weight of over 
100 kDa with a small percentage of smaller fra-
gments. It has been reported that carrageenans are 
widely used to induce inflammation such as peri-
tonitis, pleurisy, arthritis and carrageenan-induced 
paw edema (2,3). There is evidence that carrage-
enans also contribute to tumour development (4). 
Moreover, the oral intake of carrageenans by labo-
ratory animals may lead to intestinal inflammati-
on. It has been reported that carrageenan is able to 
induce colitis in mice (5).
In this connection, the question about the safety 
of carrageenan as a food additive arises (6). The 
clinical study of the impact of the systematic 
use of carrageenan on the body is problematic, 
so there is an urgent need to study the impact of 
carrageenan on metabolic parameters in experi-
mental models (2). A model of moderate chronic 
carrageenan-induced gastroenterocolitis without 
necrotizing process was designed through the use 
of lower doses of this food additive on the base 
of the model of necrotizing carrageenan-induced 
gastroenterocolitis (7).
In our previous publications (6-8) we have 
shown that the development of chronic carrage-
enan-induced gastroenterocolitis in rats leads to 
activation of apoptotic processes. This was con-
firmed by the activation of apoptosis signal-re-
gulating kinase 1 (ASK-1) (8,9), inactivation of 
poly (ADP-ribose) polymerase (PARP) (6, 8) and 
an increase in DNA fragmentation level (8,9) in 
small intestinal homogenates; activation of me-
talloproteinase-2 (MMP-2) (10) and activation of 
caspase-3 (10) in blood serum. 
However, the study of changes in the membranes 
of enterocytes during activation of apoptotic pro-
cesses in chronic carrageenan–induced gastroen-
terocolitis has not been conducted.
The aim of this research was to study the lipid 
membranes of rat enterocytes in chronic carrage-
enan-induced gastroenterocolitis accompanied 
by the activation of apoptotic processes. 

MATERIALS AND METHODS

Study design

The experiment was carried out on 20 adult fe-
male WAG rats, which were kept under standard 
vivarium conditions. Laboratory animals were di-
vided into 2 groups: group 1 consisted of animals 
with experimental chronic carrageenan-induced 
gastroenterocolitis, and group 2 was the control 
and consisted of intact animals. Chronic carrage-
enan-induced gastroenterocolitis was evoked by 
free access of animals to the 1% carrageenan so-
lution in drinking water. 
The following biochemical parameters after 
carrageenan intake were measured: apoptosis 
signal-regulating kinase 1 (ASK-1), poly (ADP-
ribose) polymerase (PARP) and DNA fragmen-
tation in small intestinal homogenates, as well as 
matrix metalloproteinase-2 (MMP-2) and caspa-
se-3 in blood serum (Table 1).

Median (interquartile 
25%; 75%)

Parameter Control Gastroente-
rocolitis 

p

Apoptosis signal-regulating ki-
nase 1 (ASK-1) activity in small 
intestinal homogenate (units/
min. mg of protein)

1.79
(1.72;1.80)

4.45
(4.27; 4.59) p<0.001

Level of matrix metallopro-
teinase-2 (MMP-2) in blood 
serum (ng/mL)

7.29
(6.87;7.72)

11.31
(10.73;12.37) p<0.01

Poly (ADP-ribose) polymerase 
(PARP) activity in small intesti-
nal homogenate (mmol/mg of 
protein)

1.39
(1.30;1.42)

0.47
(0.42; 0.50) p<0.001

Concentrations of caspase-3 in 
blood serum (ng/mL)

0.93
(0.65;1.14)

34.66
(30.40;38.20) p<0.0001

DNA fragmentation in small 
intestinal homogenate (%)

15.5
(15.0;16.7)

23.8
(23.0; 24.7) p<0.001

Table 1. Parameters of apoptosis in chronic carrageenan-in-
duced gastroenterocolitis in blood serum and small intestinal 
homogenates 

All experimental procedures were performed in 
accordance with the provisions of the European 
Convection for the Protection of Vertebrate Ani-
mals used for Experimental and other Scientific 
Purposes (11).

Methods

A month after the beginning of carrageenan inta-
ke the animals were derived from the experiment 
by decapitation. The intestine was removed in the 
cold immediately after the decapitation of rats. 
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Perfusion of intestine was performed using chilled 
physiological solution. The epithelial cells were 
detached from the internal surface of the intestine 
by scraping with anatomical knife. A suspension 
of epithelial cells in Tris-HCl buffer (pH 7.4) was 
prepared. The cell suspension, corresponding to 
56-57%, was used for the study.
To investigate the lipid membranes of rat en-
terocytes, we used fluorescent probes - ortho-
hydroxy derivatives of oxazole, whose molecules 
non-covalently bind to the membranes of cells 
and respond to changes in the microenvironment 
(12-14): 2-(2’-hydroxyphenyl)-5-phenyl-1,3-
oxazole (probe 1) and 2-(2’-hydroxyphenyl)phe-
nanthrene (10,11)-1,3-oxazole (probe 2).
The choice of fluorescent probes 1 and 2 (ortho-
hydroxy derivatives of 2,5-diaryl-1,3-oxazole) 
for the studies of rat enterocyte membranes is 
due to the fact that the fluorescence characteri-
stics of these fluorescent probes depend on the 
physicochemical properties of their microenvi-
ronment: on proton-donor ability, polarity and 
viscosity of the medium (15-18).
Fluorescence of the probes was measured in 
physiological solutions, containing: the entero-
cytes of rats with chronic carrageenan-induced 
gastroenterocolitis (experimental group) and the 
enterocytes of intact healthy animals (control).
For all the fluorescence measurements, the cells 
were fluorescently labelled using the same pro-
cedure. Since the solubility of the probes is li-
mited in water, the 0.2 mM stock solution of the 
probes in acetonitrile was used. An aliquot of 0.2 
mM stock solution of the probe in acetonitrile 
was added to physiological solution with entero-
cytes (i.e. acetonitrile final concentration was ≤ 
0.5% vol.) to achieve final probe concentration 
of 1 mM (such concentration of the probe corres-
ponded to lipid-to-probe molar ratio 1000:1). 
The cell suspension was then incubated with the 
probes in a dark at room temperature for 1 hour 
before fluorescence measurements.
Fluorescence spectra were recorded on a Hitac-
hi F850 steady-state fluorescence spectrome-
ter at room temperature. The slits on excitation 
and emission monochromators were 5 nm. The 
measurements were made in a 10 mm×10 mm 
cuvette. An excitation wavelength was 330 nm. 
Emission was recorded in the range of 340 – 600 
nm, with an increment of 1 nm. Data were collec-
ted with a 1 s interval. 

The accuracy of the fluorescence intensity mea-
surements of the samples was 5%. 

Statistical analysis 

Mann-Whitney U test was used to compare the 
numerical values of two groups. Differences 
between groups were considered statistically si-
gnificant at p<0.05.

RESULTS 

Biochemical parameters whose changes were 
observed after carrageenan intake were ASK-1, 
PARP and DNA fragmentation in small intestinal 
homogenates and MMP-2, caspase-3 in blood se-
rum. Activation of apoptotic processes in the in-
testinal epithelium of rats during chronic carrage-
enan-induced gastroenterocolitis was judged by 
the activation of apoptosis signal-regulating ki-
nase 1 (ASK-1): the activation from 1.79 [1.72; 
1.80] (control) to 4.45 [4.27; 4.59] units/min. 
mg of protein (gastroenterocolitis); inactivation 
of poly (ADP-ribose) polymerase (PARP): from 
1.39 [1.30; 1.42] (control) to 0.47 [0.42; 0.50] 
mmol/mg of protein (gastroenterocolitis); activa-
tion of caspase-3 from 0.93 [0.65; 1.14] (control) 
to 34.66 [30.40; 38.20] ng/mL (gastroenterocoli-
tis); increase in the level of DNA fragmentation: 
from 15.5 [15.0; 16.7] % (control) to 23.8 [23.0; 
24.7] % (gastroenterocolitis) (Table 1).
A marked decrease in the intensity of the long-wa-
velength fluorescence band (470 nm) and a slight 
increase in the intensity of the short-wavelength 
fluorescence band (390 nm) of probe 1 were ob-
served in the case of enterocytes from the animals 
with carrageenan-induced gastroenterocolitis in 
condition of activation of apoptotic processes (Ta-
ble 2, Figure 1). Thus, the fluorescence intensity 
ratio I470/I390 of probe 1 was reduced in case of ac-
tivation of apoptotic processes (Table 2).

Sample

Fluorescence intensity* 
Probe 1 Probe 2

390 nm 470nm I470/
I390

425 nm 485 nm I485/
I425

Control (n=10) 3.7±0.2 21.0±1.1 5.7±0.3 56±3 112±6 2.0±0.1

Gastroenteroco-
litis (n=10) 4.0±0.2 14.1±0.7 3.5±0.2 54±3 114±6 2.1±0.1

Table 2. Fluorescence intensity of probes 1 and 2 in enterocyte 
membranes of rats

*arbitrary units

At the same time, no significant changes in the flu-
orescence parameters of probe 2 were observed in 
the case of the enterocyte membranes of rats with 

Tkachenko et al. Enterocyte membranes and apoptosis activation
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carrageenan-induced gastroenterocolitis in condi-
tion of activation of apoptotic processes (Table 2, 
Figure 1).

phototautomer (T*) species (12-16). This reacti-
on is known as an excited state intramolecular 
proton transfer (ESIPT) (15,16). 

Figure 1. Fluorescence spectrum of probes 1 (panel A) and 2 
(panel B) were recorded for: (I) the probes bound to enterocyte 
membranes from the control group of rats (solid line); (II) the 
probes bound to enterocyte membranes of animals with carra-
geenan-induced gastroenterocolitis in condition of activation 
of apoptotic processes (dashed line)

Figure 2. Scheme of excited state intramolecular proton trans-
fer (ESIPT) in 2-(2′-hydroxyphenyl) -5-phenyl-1,3-oxazole 
(probe 1). The upwards arrow shows the electronic excitation 
and the downwards arrow represents the emission of light 
(fluorescence). Corresponding maximum of absorption and 
the ranges of emission are measured in nanometres

DISCUSSION

It is well-known that during apoptotic processes 
some biochemical parameters are changed (19). 
Biochemical parameters whose changes were 
observed after carrageenan intake in the present 
study were ASK-1, PARP and DNA fragmentati-
on in small intestinal homogenates and MMP-2, 
caspase-3 in blood serum (8-10). Our results are 
consistent with numerous researches that confirm 
the activation of apoptosis in inflammatory inte-
stinal diseases, e.g. inflammatory bowel disease 
(20). In particular, there is strong evidence that 
inflammatory bowel disease is associated with 
the activation of apoptosis in the intestinal muco-
sa of patients (21).
Probes 1 and 2 are capable of isomerization in the 
excited state (Figure 2), forming normal (N*) and 

The presence of dual fluorescence allows us to 
perform ratiometric measurements, i.e. to use the 
ratio of fluorescence intensities of the phototau-
tomer form (IT*) and of the normal form (IN*) as 
a parameter to investigate the physicochemical 
properties of the microenvironment (12-14).
Usage of ratiometric fluorescent probes elimina-
tes not only the measurement error caused by the 
deviation of the fluorescent probe concentration 
(e.g., uneven content of fluorescent probe in vario-
us membranes), but also the measurement errors 
due to deviation in configuration and adjustment 
of equipment for measurements of fluorescence 
(e.g. deviation in the intensity of the source of 
excitation light, changes in focusing, changes in 
the sensitivity of the photodetector, etc.) (17).
The fluorescent probes (i.e. probes 1 and 2), which 
differ in lipophilicity (12-14), were chosen for the 
present study. It is expected that the regions of 
location of the selected probes in the membrane are 
different and correspond to lipophilicity of the pro-
bes (Figure 3). The expected location and orientati-
on of probes 1 and 2 are based on their fluorescence 
properties in lipid membranes (12-14) and on their 
structural similarity to the fluorescent probes with 
known location in lipid membranes (17): probe 1 
located in the area of glycerol residues of the phos-
pholipids (closer to the centre of the lipid bilayer), 
in the area of carbonyl groups of the phospholipids 
and in the area of fatty acid chains of the phospho-
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lipids (closer to the carbonyl groups); probe 2 - in 
the area of fatty acid chains of the phospholipids 
(near the centre of the bilayer) and in the centre of 
membrane lipid bilayer (Figure 3). According to 
some authors (18,19,22), apoptosis is accompani-
ed by the following changes in the cell membrane: 
(a) lost of lipid asymmetry (18,19). Charged lipids 
(phosphatidylserine (PS), phosphatidylethanolami-
ne (PE)) appear in the outer layer of the membrane 
(18,19); (b) the negative charge on the external li-
pid layer of the membrane is increased (18,19), the 
lipid ordering is reduced (18,19), the activation of 
the oxidation of lipids is observed (22). All such 
changes should lead to an increase in polarity and 
to increase in hydration of the membrane (23).

apoptotic processes. Such an increase in polarity 
and proton-donor ability of the microenvironment 
of probe 1 indicates an increase in hydration of the 
probe microenvironment (14) in the enterocyte 
membranes of the experimental group of animals. 
The observed increase in hydration of the area of 
location of probe 1, (i.e. the polar regions of the 
membrane) indicates that apoptosis is activated 
(18) in enterocytes during the course of chronic 
carrageenan-induced gastroenterocolitis.
The absence of changes in the area where probe 
2 is located (i.e. in more hydrophobic regions of 
the lipid bilayer), is explained by the fact that, 
apparently, no significant changes in hydration 
occur in hydrophobic regions of the lipid bilayer 
during the activation of apoptosis of enterocytes.
Thus, in condition of activation of apoptotic pro-
cesses in the course of chronic carrageenan-indu-
ced gastroenterocolitis, an increase in hydration of 
rat enterocyte membrane is observed in the area 
where probe 1 is located, i.e. in rather polar regi-
ons of the membrane - presumably in the area of 
glycerol residues of phospholipids (closer to the 
centre of the lipid bilayer), and in the area of the 
carbonyl groups of phospholipids and fatty acid 
chains of the phospholipids (closer to the area of 
the carbonyl groups). The observed changes in 
the hydration of the polar regions of the membra-
ne are attributed to the activation of apoptosis of 
enterocytes in the course of chronic gastroentero-
colitis. At the same time, in condition of activati-
on of apoptotic processes, no changes are noticed 
in the area, where probe 2 is located, i.e. in more 
hydrophobic regions of enterocyte membrane: 
presumably in the area of fatty acid chains of the 
phospholipids (near the center of the bilayer) and 
in the centre of membrane lipid bilayer.
In conclusion, an increase in hydration of the po-
lar regions of enterocyte membranes occurs in rats 
with chronic carrageenan-induced gastroenteroco-
litis. The increase in hydration has been attributed 
to the activation of the apoptosis of enterocytes. 
A fluorescent probe (2-(2′-hydroxyphenyl)-
5-phenyl-1,3-oxazole) could be used for the detec-
tion of apoptosis of enterocytes.
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Figure 3. Expected location and orientation of fluorescent 
probes 1 and 2. Two molecules of phosphatidylcholine from 
the outer monolayer are shown to denote the location of the 
probes

Based on the properties of the probes 1 and 2 (12-
16), one can expect that the growth in polarity 
and in hydration of the membrane will result in: 
an increase in the relative fluorescence intensity 
of the normal form N*; a decrease of the relative 
fluorescence intensity of phototautomer form T*; 
a decrease of the ratio of fluorescence intensities 
of the phototautomer and normal forms (IT*/ IN*).
As it was expected, the decrease in fluorescence 
intensity of the band of phototautomer form (IT*) 
and the increase in the ratio IT*/IN* were observed 
for probe 1 in case of the disease. The mentioned 
changes in the fluorescent parameters of probe 1 
indicate an increase in polarity and proton-donor 
ability of the microenvironment of the probe (14) 
in enterocyte membranes of rats with carrageenan-
induced gastroenterocolitis during activation of 
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ABSTRACT

Aim To investigate predictive value of procalcitonin in diagnosis 
of sepsis in predicting positive blood culture, and possibility to 
predict final outcome in septic patients.

Method This prospective study involved 106 hospitalized patients 
who met two or more criteria for systemic inflammatory response 
syndrome (SIRS).  In comparison to Sepsis Related Organ Failure 
Assessment score (SOFA) and Acute Physiology and Chronic He-
alth Evaluation (APACHE) II score procalcitonin (PCT), C-reac-
tive protein and lactate levels were used to predict final outcome 
in septic patients (recorded as 28-day survival or non-survival). 
Using Receiver operating characteristic (ROC) curve the area 
under the curve (AUC) was calculated for diagnostic value and 
accuracy of different parameters with the best sensitivity and spe-
cificity for given cut-off values.

Result Fifty-two out of 82 patients with documented sepsis had 
positive blood culture. Procalcitonin showed the best predictive 
value for both diagnosis of sepsis and bacteraemia with the cut-off 
value of 0.57 ng/mL (AUC 0.99) and 4.68 ng/mL (AUC 0.94), 
respectively. Serum lactate level showed the best 28-day morta-
lity predictive value with the cut-off value of 3.25 mmol/L (AUC 
0.95), and procalcitonin with the cut-off value of 15.05 ng/mL 
(AUC 0.92), followed by SOFA (AUC 0.92), CRP (AUC 0.84) 
and APACHE II score (AUC 0.83). 

Conclusion Monitoring of PCT in SIRS-positive patients raises 
possibility  to distinguish between patients with sepsis and those 
with non-infectious SIRS. A significant correlation between PCT 
and SOFA, and APACHE II score in non-surviving septic patients 
indicates that PTC combined with clinical score could be useful 
for assessing severity of infection.

Key words: SIRS, severity of sepsis, lactate, C-reactive protein, 
APACHE II, SOFA score
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INTRODUCTION

Sepsis is defined as the presence (probable or 
documented) of infection together with systemic 
inflammatory response to infection. It is a life-
threatening disease which causes millions of de-
aths globally each year (1). Sepsis is caused by 
immune systemic response to a serious infection, 
most commonly bacteria, but also fungi, viruses 
and parasites.
It is difficult to recognize patients with sepsis be-
cause there is a lack of specific clinical signs (2). 
Bacterial cultures are considered as the gold stan-
dard method for definitive detection of bacterial in-
fection, but microbiological cultures require time. 
They do not reflect the host systemic inflammatory 
response and may not be positive in septic patients 
who have been receiving antibiotics (3). Despite 
the improvement in diagnostic capability to detect 
disease, patients with sepsis are a heterogeneous 
group and their condition is very often difficult to 
recognize especially in the early stages of the di-
sease (4). The definition of sepsis which involves 
SIRS + proof or suspicion of infection, could be 
very broad and it includes a large number of pati-
ents who do not have to  develop sepsis (2). At the 
same time, the transition from SIRS and sepsis to 
severe sepsis develops over time  differently in va-
rious patients so that even the progression of serio-
us disease could be unrecognized until it reaches 
the late stage (2).  In comparison to numerous 
biological markers, which have been examined in 
sepsis, procalcitonin has the best diagnostic value 
(5). Procalcitonin plasma concentration rises very 
rapidly (6-12h) after infection, which had caused 
systemic response (6). Besides that, PCT plasma 
concentration level is indirectly related to the se-
verity of sepsis and the systemic inflammatory 
reaction, and PCT plasma elimination half-life of 
about day gives indications of the course of the 
disease and the success of therapy (7).
Literature emphasizes the importance and a role 
of biochemical markers, especially procalcitonin 
levels for early detection of infectious process in 
critically ill patients, which is very important (8). 
Even that, procalcitonin is not routinely used in 
Intensive Care Units at University Clinical Cen-
tre Tuzla in evaluation of septic patients.
The aim of this study was to investigate the 
importance and role of procalcitonin in early 
diagnosis of sepsis in critically ill patients, po-

ssibility to distinguish between patients with 
sepsis and those with non-infectious systemic in-
flammatory response syndrome (SIRS), in com-
parison to severity of sepsis, and the possibility 
to predict fatal outcome in patients with sepsis.

PATIENTS AND METHODS

Patients and study design

In the prospective study, during the period betwee 
July 2013 and June 2014, 106 patients hospitali-
zed in the University Clinical Centre Tuzla, Bo-
snia and Herzegovina, were enrolled. According 
to the ACCP/SCCM (American College of Chest 
Physicians/Society of Critical Care Medicine) 
(2),  in all patients who met two or more criteria 
for systemic inflammatory response syndrome 
(SIRS) (body temperature >38 or <36 ºC, heart 
rate >90 beats/min, respiratory rate >20 breath/
min or pCO2<4.3 kPa, white blood cell count 
>12.0 x 109/L or <4.0 x 109/L, or >10% imma-
ture forms) predictive value of procalcitonin in 
sepsis was analysed. 
In total of 82 (out of 106; 77.36%) patients in-
fection was proved (sepsis group), and in 24 
(22.64%) patients the source of infection was not 
identified (the group of non-infectious SIRS). 
Fifty-two (63.41%) patients with sepsis had a 
positive blood culture (BC+) and 30 (36.59%) 
patients had a negative blood culture (BC-). 
Twenty-four (22.64%) patients were with SIRS, 
43 (45.58%) patients had sepsis (SIRS+proof 
of infection), 31 (32.86%) patients had organ 
dysfunction with severe sepsis, and eight (8.06%) 
patients were diagnosed with septic shock (sep-
sis-associated hypotension that is associated 
with lactic acidosis or organ hypoperfusion and 
cannot be reversed by the administration of intra-
venous fluids). Thirty-nine patients had an organ 
dysfunction (47.56%), and 16 (19.51%) patients 
were succumbed to sepsis. 
Exclusion criteria were: patients with mali-
gnancy or haematological disorders, patients on 
antitumor drug therapy, patients with any kind of 
transplantation, and patients after a surgery tre-
atment (less than 48h).
The research was done respecting ethical stan-
dards of the Declaration of Helsinki. The study 
approval was obtained  from the Ethics Com-
mittee of University Clinical Centre Tuzla.
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Methods

Procalcitonin (0.05-0.1 ng/mL) and C-reactive pro-
tein (CRP) (0.0-3.0 mg/L) concentration was me-
asured in sera samples, and lactate concentration 
(<2.0 mmol/L) in capillary blood samples. Procal-
citonin level was measured in sera via the automatic 
analyser VIDAS (B.R.A.H.M.S. PCT assay) (bi-
oMérieux, Marcy L’Etoile, France). The lower limit 
of detection of the assay sensitivity was 0.05 ng/mL, 
and the functional assay sensitivity was 0.09 ng/mL 
(VIDAS B.R.A.H.M.S. PCT package insert; bi-
oMérieux). The values between SIRS-positive non-
infected patients (n=24) and patients with documen-
ted sepsis (n=82), as well as between septic patients 
with positive blood culture (n=52) and those with 
negative blood culture (n=30) were compared. 
Sepsis Related Organ Failure Assessment score 
(SOFA) (9) and Acute Physiology and Chronic 
Health Evaluation (APACHE) II score (10) were 
obtained from all patients at the same time and 
compared to procalcitonin concentration. 
The SOFA score has been developed by Europe-
an Society of Critical Care Medicine (ESCCM) 
in 1994, as a system for measuring the status of 
the patients in the intensive care unit (ICU). SOFA 
score is based on six different scores, one of each 
for the respiratory, cardiovascular, hepatic, coagu-
lation, renal and neurological system. According 
to SOFA score criteria (9) different variables and 
parameters (pO2/FiO2, platelets count, bilirubin 
concentration, creatinine concentration, mean ar-
terial pressure or vasopressors required, Glasgow 
coma score) are included in each of the organ 
system and a definite score is given to that state 
varying from 0-4, all of which are later added to 
calculate the SOFA score (out of maximum 24).
According to APACHE II score criteria (10) 12 
different variables (temperature, mean arterial 
pressure, heart rate, respiratory rate, oxygenati-
on, pH or HCO3, sodium, potassium, creatinine, 
haematocrit, white blood count, Glasgow coma 
score) are included, and a definitive score is gi-
ven to that state varying 0-4 of all, which is later 
added  to age points (0-6),  chronic health points 
(0-5), and then final APACHE II score (out of 
maximum 59) is calculated. 

Statistical analysis

Procalcitonin concentration, C-reactive protein 
concentration and lactate level in comparison to 

SOFA and APACHE II score were used to predict 
final outcome in septic patients (recorded as 28-
days survival or non-survival). 
Normality of the data distribution influenced 
the decision of whether to apply mean±standard 
deviation or median with interquartile range in 
descriptive statistics. The non-parametric Mann-
Whitney test or Student’s t-test was used to com-
pare continuous variables and the χ2 or Fisher’s 
exact tests was used to compare categorical va-
riables. Binominal logistic regression, stratified 
on the presence or absence of death, was perfor-
med to adjust for potential confounding variable, 
to assess independent relationship  between inve-
stigated parameters and final outcome in patients 
with sepsis. Spearman’s non-parametric correla-
tion coefficient was used for calculating correla-
tion between procalcitonin and severity of sepsis 
and correlations between procalcitonin, C-reacti-
ve protein, lactate, SOFA and APACHE II scores 
with fatal outcome. One way ANOVA test was 
used to analyse  procalcitonin concentration with 
different stage severity of sepsis. Using Receiver 
operating characteristic (ROC) curve the area 
under the curve (AUC) for diagnostic value and 
accuracy of different used parameters with the 
best sensitivity and specificity for given cut-off 
values was calculated. Positive and negative pre-
dictive values were calculated using recommen-
ded cut-off values. The p<0.05 was considered as 
statistically significant.

RESULTS

A total of 52 (63.41%) out of 82 patients with sep-
sis had a positive blood culture. The most common 
sources of infection were urinary tract (24/82; 
29.3%), abdomen and digestive system (24/82; 
29.3%), respiratory system (19/82; 23.2%), skin 
and soft tissue (12/82; 15%), and other (2.4%). 
Etiology of infections provided by blood cultures 
were: Gram-negative bacterial infections in 31 
(60%), Gram-positive infections in 21 (40%) pa-
tients, and in 30 (36.59%) patients blood cultures 
were negative. Presented Gram-negative bacterial 
species were Escherichia coli, in 13 (25%), Acine-
tobacter baumannii, in nine (17.31%), Klebsiella 
pneumoniae, in three (5.77%), Proteus mirabilis 
in two (3.85%) patients, Pseudomonas aerugino-
sa, Enterobacter cloacae, Salmonella enteritidis 
and Serratia in one (1.92%) case each. The most 

Mustafić et al. Procalcitonin in patients with sepsis
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common species of Gram-positive bacteria were 
Staphylococcus aureus, in nine (17.31%), coagu-
lasa-negative Staphylococcus, in eight (15.38%), 
Enterococcus, in two (3.85%), Bacillus and Strep-
tococcus in one (1.92%) case each. 
There was a significant difference in procalcito-
nin concentrations between SIRS positive non-
infected patients, 0.25 ng/mL (range 0.05-0.58) 
and patients with documented sepsis, 3.495 ng/
mL (range 0.55-395.6) (p<0.001), as well as 
between patients with sepsis who had positive 
blood culture (BC+ ), 9.915 ng/mL (range 1.2-
395.6) and those with negative blood culture 
(BC-), 1.295 ng/mL (range 0.55-4.81)  (p<0.01). 
Procalcitonin level was increased by high seve-
rity of sepsis (r=0.91; p<0.0001) (Figure1). 
Procalcitonin showed the best predictive value in 
the diagnosis of sepsis with the cut-off value of 
0.57 ng/mL (AUC 0.99), with positive predicti-
ve value of 98.76%, negative predictive value of 
92.0%, and the accuracy of 97.1%. Procalcitonin 
also showed the best predictive value in predic-
ting bacteremia with the cut-off value of 4.68 
ng/mL (AUC 0.94), positive predictive value of 

97.44%, negative predictive value of 67.44%, 
and with the accuracy of 81.71% (Table1). 
When considering the outcome, the non-survivors 
had higher SOFA scores (p<0.0001), and APAC-
HE II scores (p<0.01) in comparison to survivors 
(Table 2). The SOFA score >7 was associated 
with higher mortality (11/21; 52.38%) in compa-
rison to lower SOFA score  (4/58; 6.89%) with 
fatal outcome. Patients with APACHE II score ≤ 
9 had lower mortality in  comparison to patients 
with APACHE II score 10-19 (8/36; 12.22%) 
as well as the patients with APACHE score >20 
(7/16; 43.75%) (p<0.01). 
There was strong positive correlation betwe-
en procalcitonin, CRP, lactate concentration, 
SOFA and APACHE II scores with fatal outco-
me (p<0.0001 for all; Spearman coefficient of 
correlation: procalcitonin 0.57; 95% CI: 0.3952-
0.6996; CRP 0.46; 95% CI: 0.2637-0.6160; lacta-
tee 0.66; 95% CI: 0.4910-0.7787; SOFA score 
0.58; 95% CI: 0.4006-0.7101; APACHE II sco-
re 0.45; 95% CI: 0.2486-0.6150). Serum lactate 
concentration showed the best predictive value 
in predicting 28-day mortality with the cut-off 
value of 3.25 mmol/L (AUC 0.95). Procalcitonin 
was on the second place with the cut-off value 
of 15.05 ng/mL (AUC 0.92), followed by SOFA 

Sepsis BC(+)
Procalcitonin CRP Lactate Procalcitonin CRP Lactate 

Cut off 0.57 ng/mL 165.0 mg/L 2.05 mmol/L 4.68 ng/mL 239.7 mg/L 2.35 mmol/L
AUC 0.99±0.001 0.98±0.01 0.87±0.04 0.94±0.02 0.76±0.05 0.79±0.06
p <0.0001 <.0001 <.0001 <0.001 0.0001 <0.0001
95% CI 0.99 -1.0 0.96 - 0.1 0.79 - 0.94 0.9 - 0.99 0.65 - 0.86 0.68 - 0.91
Sensitivity (%) 97.56 84.15 73.13 73.08 67.31 65.22
Specificity (%) 95.83 95.83 100.00 96.67 76.67 76.19
PPV (%) 98.76 85.7 100.00 97.44 83.33 85.71
NPV (%) 92.00 63.89 57.14 67.44 57.5 50.0
Accuracy (%) 97.17 86.79 79.31 81.71 70.73 68.56

Table 1. Receiver operating characteristic (ROC) for procalcitonin (PCT), C-reactive protein (CRP) and lactate for prediction of 
sepsis and positive blood culture

BC(+), blood positive culture; AUC, area under curve; CI, confidence interval; PPV, positive predictive value ; NPV, negative predictive value

Parameter
Non-survival Survival

Median (range) Median (range) p
Procalcitonin (ng/mL) 17.22 (2.01-209.5) 1.105 (0.05-16.35) 0.0126
CRP (mg/L) 269.5 (168-500.7) 164.95 (13.6-433) <0.0001
Lactate (mmol/L) 3.5 (2.2-14.5) 1.7 (1.0-3.7) 0.0059
SOFA score 9 (6-17) 4 (1-9) <0.0001
APACHE II score 19 (12-38) 11 (1-25) 0.0003

Table 2. Biochemical parameters, sepsis related organ failure 
assessment (SOFA) score and acute physiology and chronic 
health evaluation (APACHE) II scores in septic patients with 
fatal outcome

CRP, C-reactive protein;

Figure 1. Procalcitonin concentration (ng/mL) during various 
stages of sepsis; SIRS, systemic inflammatory response syn-
drome;
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score (AUC 0.92), CRP (AUC 0.84) and APAC-
HE II score (AUC 0.83) (Table 3). 
In multiple variance model, procalcitonin was 
the only independent predictor for sepsis, bac-
teremia and 28-day mortality in patients with 
sepsis (Table 4).

DISCUSSION

The ability to diagnose or exclude suspected sep-
sis is vitally important for patients’ outcomes. It 
has been proven that prompt diagnosis of sepsis 
and adequate and early initiated therapy lead to 
better outcome  and decrease mortality caused by 
sepsis (11). 
Acute phase protein, C-reactive protein is a 
widely known marker of inflammatory respon-
se. Because the level of CRP rises much more 
significantly during acute inflammation then the 
level of other acute phase reactant, the test has 
been used for decades to indicate the presence 
of significant inflammatory or infectious disease 
(12). Although its low specificity may be primary 
drawback as biomarker of sepsis in adults, it is 
commonly used to screen for early onset sepsis 
because its sensitivity is generally considered to 
be very high in this settings (13).
In septic patients, the CRP levels often are alre-
ady increased to a certain limit, which often will 
not or cannot be exceeded if the condition be-
comes more severe since this limit is the upper 

range of concentrations usually induced (14). 
Besides statistically significant distinction of this 
parameter in differentiating between SIRS and 
sepsis (15,16), a great number of studies have 
confirmed  a significant predictive CRP value in 
the early diagnosis of sepsis, and in predicting 
positive blood culture results (17-20). Better pre-
dictive CRP value obtained in our study could be 
explained by the fact that the marginal CRP value 
(165.0 mg/L) was higher and that leads to higher 
sensitivity (84.15%)  and specificity (95.83%)  of 
this parameter in diagnosis of sepsis. Lower, but 
still significant predictive CRP value, as it was 
the case in our study, was found in the prediction 
of positive blood culture results in the research 
of Patil et al. (19); they have found that margi-
nal value of CRP  (150 mg/L) had sensitivity of 
69.6 % and specificity of 52.9 % (AUC 0.64). 
The results of this study suggest that CRP with 
very high values may point to bacteraemia (cut 
off 239.7 mg/L; AUC 0.76)
Procalcitonin was first described as a sepsis in-
duced protein detectable in the plasma of pati-
ents with sepsis and infection in the early 1990s 
(21). Since then procalcitonin has been evaluated 
in multiple clinical settings as a tool to distin-
guish bacterial  infection from other inflamma-
tory  states and infectious processes (22). The 
diagnostic capacity  of PCT is superior to that of 
other parameters of infection and inflammation 
in certain indications due to the close correlation 

Death
PCT CRP Lactate SOFA score APACHE II score

Cut-off 15.05 ng/mL 294.7 mg/L 3.25 mmol/L 6.5 17.5
AUC 0.92± 0.03 0.84±0.05 0.95±0.02 0.92±0.03 0.83±0.05
p <0.0001 <0,0001 < 0.0001 < 0.0001 < 0.0001
95% CI 0.85 - 0.98 0.74 - 0.93 0.91 - 0.99 0.86 - 0.98 0.74 - 0.92
Sensitivity (%) 50.0 43.75 60.0 73.33 66.67
Specificity (%) 98.53 89.71 98.08 84.38 81.25
PPV (%) 88.89 50.0 90.0 52.38 45.45
NPV (%) 89.33 87.14 89.47 93.1 91.23
Accuracy (%) 89.29 80.95 89.55 82.28 78.48

Table 3. Receiver operating characteristic (ROC) for procalcitonin (PCT), C-reactive protein (CRP), lactate, sepsis related organ 
failure assessment (SOFA) score and acute physiology and chronic health evaluation (APACHE) II score for prediction of fatal 
outcome in sepsis

AUC, area under curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value

Sepsis BC (+) Death
K p OR K p OR K p OR

Procalcitonin 0.058 0.001 1.060 0.059 0.002 1.061 0.055 0.049 1.056
CRP -0.004 0.827 0.996 -0.012 0.520 0.988 -.0018 0.602 0.982
Lactate -0.143 0.828 0.867 -0.222 0.753 0.801 4.533 0.079 93.071
Constant -3.143 0.007 0.043 -2.157 0.080 0.116 -72.06 0.030 0.000

Table 4. Multivariate analysis for sepsis, positive blood culture, and fatal outcome in sepsis

BC (+), positive blood culture; K, Coefficient of regression; OR, odds ratio; CRP, C-reactive protein;

Mustafić et al. Procalcitonin in patients with sepsis
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between the PCT  concentration and the severity 
of systemic inflammation, the preferential induc-
tion of PCT during inflammation of bacterial ori-
gin, PCT’s high concentration range, especially 
during the severe stages of sepsis and systemic 
inflammation (8). PCT is considered a good bi-
omarker of sepsis that correlates with extent and 
severity of infection (23) and a reliable test to 
rule out or predict bacteraemia in patients with 
acute fever (24, 25). The predictive significance 
of procalcitonin in diagnosis of sepsis (15-18) 
and bacteraemia (15-20, 26-28) has been exa-
mined at different marginal values to obtained 
best sensitivity and specificity. We also found 
the significant differences in PCT between SIRS 
positive non-infected and SIRS positive patients 
with documented sepsis, and between blood cul-
ture positive and blood culture negative sepsis. 
The possible differences in the median absolute 
value for PCT in our study, and between some 
other studies (15-18, 26-28), occur because there 
has been a large time interval between obtained 
results and because of an inclusion of the patients 
whose results had extremely high values. It has 
resulted in some higher marginal values (cut off: 
for sepsis 0.57ng/mL; for bacteraemia 4.68ng/
mL), but predictive significance was noticeably 
better due to higher marginal value. The rise in 
PCT concentration in patients with severe sepsis 
is much greater than in those with SIRS or sepsis 
alone, as was confirmed in a number of studies 
(2,29). In our study the PCT concentrations also 
correlated with the severity of organ dysfunction 
defined by SOFA and APACHE II scores indica-
ting that this biomarker, combined with a clinical 
score, could be useful for assessing the severity 
of infection. The results of randomized study of 
Jansen et al. (30) showed that monitoring of PCT, 
unlike many other inflammatory markers, especi-
ally CRP, correlates better with clinical scoring 
systems for evaluation of disease severity and 
some organ damages in sepsis (SOFA), especi-
ally later in the course of the disease, which ma-
kes it more effective in recognizing and treating 
severe sepsis in comparison to those parameters. 
Anand et al. (31) found a correlation of PCT va-
lues with the level of SOFA score, and the PCT 
concentration was much higher in patients with 
fatal outcome (89.3%) indicating that PCT is in 
relation to the severity of the disease and organic 

dysfunction and that it could be useful for pre-
diction of fatal outcome in patients with sepsis. 
In the study of Zhang et al. (32) PCT has correla-
ted well with SOFA score (r=0.406), and positive 
predictive value in  comparison to fatal outcome 
in patients with sepsis (AUC 0.81) was found. 
Clech et al. (33) have found sensitivity of 87.5% 
and specificity of 45% in the prediction of fatal 
outcome on the first day of septic shock at the 
marginal value of 6 ng/mL.
Besides the fact that PTC is a marker of sepsis, 
it could contribute to decreased survival in  cases 
of patients with sepsis due to toxic proinflamma-
tory effects on leukocytes and cytokine producti-
on. The researchers have treated the animals with 
experimental sepsis with antibodies against PCT 
and have shown significant improvement in sur-
vival. This effect was evident after the diagnosis 
of sepsis and in the early stage of disease when 
immune neutralization was implemented, which 
shows that early treatment could be effective (34). 
Blood lactate level is used as a marker for tissue 
hypoperfusion in shock patients, adequate post-
shock resuscitation, prognostic index after resus-
citation, and prognostic factor in the case of seve-
re disease (35). Shapiro et al. (36) have confirmed 
that, based on lactate level, patients could be 
stratified into groups related to the specific rate of 
mortality: the lactate level 0-2.4 mmol/L was rela-
ted to the mortality rate of 4.9 %, 2.5-3.9 mmol/L 
with 9.0% and ≥4 mmol/L with 28.4% mortality 
rate. Mikkelsen et al. (37) have shown that the 
initial lactate value and the highest recorded one, 
regardless of the presence of organic dysfunction 
and cardiogenic shock and hypoperfusion, were 
related to fatal outcome in patients with severe 
sepsis in the emergency departments. Kim et al. 
(38) have found in cases of children with septic 
shock, 0h, 24h, and 24-hour clearance of lactate 
meet great predictive significance (AUC 0.828). 
Chen and Li (39) have also found significant pre-
dictive lactate value in comparison to SOFA and 
APACE II scores in the prediction of fatal outco-
me in cases of patients with sepsis (AUC: lactate 
0.79, SOFA 0.75, APACHE II 0.74), as the results 
of our research have shown (AUC: lactate 0.95, 
SOFA 0.92, APACHE II 0.83). The difference in 
clinical utility between lactate and PCT is that 
PCT may be a good early predictor of sepsis prior 
to progression to severe sepsis.
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The small sample size and heterogeneous groups 
of patients are considered as two important limi-
tations of this study.
In conclusion, there are many changes of clini-
cal findings and laboratory parameters during 
sepsis. Monitoring of PCT increase in SIRS-po-
sitive patients, raises the possibility to distingu-
ish between patients with sepsis and those with 
non-infectious SIRS. Absolute concentration of 

procalcitonin and monitoring of PCT elevation 
reveal the severity of sepsis and it could also pre-
dict fatal outcome in patients with sepsis. 
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ABSTRACT

Aim To determine the relationship of homocysteine (HCY), uric 
acid (UA) and C-reactive protein (CRP) in serum of patients with 
acute myocardial infarction (AMI) prior to application of percuta-
neous coronary intervention (PCI) and their level of correlation 
in serum of patients with normal and elevated CRP (predictor of 
worse cardiovascular outcomes). 

Methods The study involved 85 patients with diagnosed AMI. Be-
fore the PCI, venous blood samples were taken into the vacuum 
test tubes. The analysis of HCY, UA, inflammatory markers CRP 
and neutrophil to lymphocyte ratio (NLR) as well as lipoprotein 
status were performed on a different type of analysers and accor-
ding to accepted protocols of the International Federation of Cli-
nical Chemistry and Laboratory Medicine (IFCC).

Results Elevated level of both HCY and UA in AMI patients as 
well as a positive correlation between HCY and UA level was ob-
served. Classification of patients on the basis of mean UA concen-
tration showed significant difference at the level of HCY concen-
tration (p=0.022). 

Conclusion Since HCY and UA participate in the atherosclerotic 
process and their metabolism, as well as the effects on the car-
diovascular system show significant overlaps, their serum level 
should be analysed synchronously with the level of CRP and NLR 
(indicators of significant inflammatory process in vessels). Con-
sidering a potential link between all parameters observed, further 
research involving a greater number of patients and including the 
post treatment effects should be conducted.

Key words: ST elevation myocardial infarction, inflammation, 
atherosclerosis, oxidative stress 
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INTRODUCTION

Acute myocardial infarction (AMI), one of the 
cardiovascular complications, occurs as a result 
of atherosclerotic plaque rupture and emergence 
of thrombus. Myocardial tissue becomes infla-
med and necrotic, it loses contraction and impul-
se conducting ability with net result of decreased 
oxygen distribution (1).
Research done in the last two decades, among 
other factors, points out amino acid homocys-
teine (HCY) as an independent risk factor for 
cardiovascular diseases (CVD) (2-4). A rise of 5 
μmol/L in HCY level increases risk of coronary 
heart disease from 20% to 50% (5). Whatever the 
cause is, mild and moderate hyperhomocystein-
emia (13 to 25 µmol/L) is strongly associated 
with stroke, coronary artery disease, obstructive 
CVD (6), restenosis, heart failure and major ad-
verse cardiac events (MACE) (death, reinfarc-
tion, restenosis) after percutaneous coronary in-
tervention (PCI) (7) and with all causes of death 
in that patients (8). In general, the effects of HCY 
in CVD appear to be a consequence of oxidative 
process in the vascular endothelium resulting in 
disturbed NO synthesis and vasodilatation (9). 
This implies the existence of a potential corre-
lation between measured concentrations of HCY 
and the status of antioxidants. However, despite 
ongoing prospective studies involving thousands 
of patients, methodological difficulties prevent a 
clear identification of these relations, especially 
independence or the interaction between the in-
creased level of HCY and traditional risk factors 
(8). Therefore, the risk of arteriosclerotic coro-
nary lesions occurrence due to increased level of 
HCY remains mostly unnoticed/unclear, espe-
cially in patients with AMI.
Interestingly, research results investigating the 
association of uric acid (UA) level in serum and 
cardiovascular risk are unclear and contradictory 
with insufficient data on UA level in patients 
with AMI before PCI (15). The UA is the final 
product of xanthine oxidase activity in purine 
metabolism. Adenosine, which is synthesized 
locally in vascular smooth muscle cells of the 
myocardial heart tissue, is rapidly degraded to 
UA in the endothelium. The UA is then elimina-
ted by kidneys and through bowels (27). Major 
effects are observed at the level of increased UA 
concentrations and elevated xanthine oxidase 

activity. These two could be used as markers in 
ischemic cardiac disease. A few papers also show 
association of increased UA concentrations with 
increased incidence of CVD (7,10). There is also 
evidence that UA in serum can promote lipids 
metabolism impairment (11), and that increased 
UA concentrations can stimulate the free radical 
formation as well as the occurrence of atheros-
clerotic plaque (12). These processes result in 
tissue damage, a consequence of which may be 
myocardial infarction. On the other hand, under 
physiological concentrations, uric acid together 
with other extracellular antioxidants (e.g. ascor-
bic acid, α-tocopherol, carotenoids and bilirubin) 
has an antioxidative effect controlling the rate 
and activity of free radicals (13). Experimentally 
induced decrease in serum UA levels caused a 
decrease in antioxidant capacity, and an increa-
se in markers of oxidative stress (14). Uric acid 
makes more than half of the antioxidant serum 
capacity and is the most common antioxidant in 
the body’s water compartment. It improves en-
dothelial function by restoring NO generation 
which could decrease vascular tone and increase 
tissue blood flow suggesting its protective role in 
cardiovascular related diseases (15). Reduced se-
rum concentrations have been reported in some 
pathological conditions (16). 
Even though individual effects of both UA and 
HCY are relatively well known in AMI patients, 
data which show their level of interaction with 
CRP, a major inflammatory marker, are limited and 
often contradictory and require further research. 
The aim of this research was to determine ho-
mocysteine, uric acid and CRP levels in patients 
with AMI before PCI application and more im-
portantly to determine their level of correlation in 
serum of AMI patients with normal and elevated 
CRP, which, according to literature is a predictor 
of the worse cardiovascular outcomes (17,18).   

PATIENTS AND METHODS

Patients and study design

This prospective research included 85 patients 
diagnosed with AMI. Patients were admitted to 
the Department of Cardiology at the University 
Clinical Hospital of Mostar, Bosnia and Herze-
govina, in the period between October 2016 and 
December 2017. All research involving human 
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subjects and material derived from human su-
bjects in this study was done in accordance with 
ethical recommendations and practices of Mostar 
University Clinical Hospital and University of 
Sarajevo, School of Pharmacy. 
The AMI diagnosis was established by a cardiolo-
gist on the basis of at least two of the three WHO 
criteria (1). All patients were diagnosed with ST 
elevation myocardial infarction (STEMI) myocar-
dial infarction, followed by PCI as a treatment 
method. In all stratified patients, diagnosis of STE-
MI infarction was confirmed by electrocardiogram 
(ECG). Detailed medical history including usual 
CVD risk factors, such as diabetes, hypertension, 
hyperlipidaemia, smoking, and the existence of a 
family disease was taken for each patient. Hyper-
tension was defined as systolic arterial pressure 
≥140 mmHg and/or diastolic arterial pressure ≥90 
mmHg values, or as the use of antihypertensive 
drugs. Smoking was defined as daily consump-
tion of at least one cigarette. Exclusion criteria 
were pregnancy, diabetes, the use of antiepileptic, 
contraceptive therapy, cancer, and vitamin B12 
supplementation in the last 6 months.
Due to the simpler interpretation of possible sta-
tistically significant results, according to previ-
ous studies, patients involved were divided by 
age and concentration of UA in serum (below 
and above the mean UA level of 325.77 μmol/L) 
as well as in tertiles according to different HCY 
concentration. Patients were also classified on the 
basis of gender, and measured concentration of 
CRP and LDL (concentration falling both within 
and outside the reference range). 

Methods

After ECG, and before the PCI, venous blood 
samples were taken into the vacuum tubes. A se-
rum sample, used to determine the HCY, UA con-
centrations and other general biochemical assays, 
was obtained with one anticoagulant-free 7.5 mL 
test tube (Sarstedt, Germany). Whole blood sam-
ple for haematological assays was taken in sin-
gle 2.6 mL test tube with EDTA as anticoagulant 
(Sarstedt, Germany). Residual part of the serum 
and whole blood sample was taken for research 
after the  completion of routine treatment ordered 
by a cardiologist.
The concentration of the HCY (μmol/L) was mea-
sured in serum by non-competitive immunoassay 

method, e. g. chemiluminescence microparticle 
immunoassay (CMIA) (Architect ci8200 Integra-
ted System analyser, Abbot, Ilinois, USA). The 
UA concentration was measured on the AU680 
analyser (Beckman Coulter, California, USA) 
according to the standardized IFCC (Internati-
onal Federation of Clinical Chemistry) method, 
photometric method (uricase-POX) (19). Other 
biochemical assays were performed on AU680 
analyser also according to standardized IFCC 
methods, i.e. cholesterol (mmol/L)-photometry 
(CHOD-PAP), triglycerides (mmol/L) -photome-
try (GPO-PAP), high-density lipoprotein (HDL) 
(mmol/L) -photometry IFCC, low-density li-
poprotein (LDL) (mmol/L) -photometry IFCC, 
CRP (mg/L) -immunoturbidimetry.
Haematological parameters (leukocytes, lymp-
hocytes and neutrophil counts) were measured on 
Sysmex XT2000i analyser (Sysmex corporation, 
Kobe, Japan) by impedance and VCS (volume, 
conductivity and scatter) principle. Neutrophil to 
lymphocyte ratio (NLR) was calculated from the 
obtained data.

Statistical analysis

An assessment of the normality of data was 
tested by the Kolmogorov-Smirnov test. Corre-
lations between HCY and UA level, HCY level 
and age, UA level and gender, age and gender in 
all subgroups of patients were tested by nonpara-
metric Spearman correlation. The differences be-
tween the subgroups of patients based on gender, 
age, hypertension, CRP, LDL and UA level were 
tested by the non-parametric Mann-Whitney U 
test. One sample t-test was used for comparation 
of HCY and UA with respective reference ranges. 
In cases of comparison of more than two groups 
(stratification of patients according to HCY level 
in tertiles) Kruskal-Wales and χ2tests were used. 
p< 0.05 was considered statistically significant.

RESULTS

Basic demographic and clinical characteristics 
of tested groups are summarized in Table 1. The 
group of 85 patients included in the study com-
prised (61%) males and (24%) females. A sta-
tistically significant difference was observed in 
the age between male and female patients (p = 
0.026), i.e. females were older. Age and gender 
were positively correlated (rho =0.238; p<0.05). 

Marković Boras et al.  Homocysteine, Uric acid, CRP relation
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Hypertension was noticed in 59 (70%) and it was 
almost equal among males and females, 43 (71%) 
and 16 (67%), respectively. Smoking habit was 
noticed in 49 (58%), with a difference between 
males and females, 39 (63%), and 10 (42%), res-
pectively (Table 1). 
Hypercholesterolemia (cholesterol>5mmol/L) 
was observed in 70 (82%) patients. Compared to 
the upper value of the reference range for each li-
poprotein analyte, a deteriorated lipoprotein sta-
tus was observed in most of the patients of both 
genders. Only six (7%) patients had lipid levels 
(cholesterol, triglycerides, HDL, LDL) within 
the reference range. There was a significant diffe-
rence in HDL and UA levels between males and 
females, (p=0.002) and (p=0.034) respectively, 
while no significant differences were observed at 
the level of other parameters. 
An analysis of inflammatory markers showed an 
increased level of CRP and NLR in all subgro-
ups of patients. The mean values for male and 
female patients were significantly above the re-
ference range for these analytes. Compared to 
the reference range, HCY levels in both female 
(p<0.001) and male (p=0.004) subgroup were si-
gnificantly elevated. There was also a significant 
increase in UA levels in the male (p<0.001) and 
female (p=0.002) group compared to the referen-
ce range (Table 1).
The distribution of patients in tertiles according 
to the HCY concentration (Table 2) showed signi-
ficant differences in CRP concentration among 
the examined groups, while slightly older pati-
ents were characterized with higher homocyste-
ine levels. In subgroups of patients divided by 

the mean UA concentration on those above and 
below mean value (325.77μmol/L), a statistically 
significant difference in HCY (p=0.022) was ob-
served (Table 3).
In the group of patients stratified on the basis of 
LDL concentration (i.e.<3 mmol/L>) and hyper-
tension, no statistical difference was observed 
at the level of HCY. However, a statistically si-
gnificant difference in UA levels was observed 
only in the group of patients divided by gender 
(p=0.034) (Table 3). In other subgroups, the 
differences were not statistically significant.
The correlation analysis showed a weak positive 
correlation between UA and HCY level in the gro-
up of all patients (rho = 0.276), in patients with 

Variable All patients (n=85) Males (n=61) Females (n=24) p
Age (years) (Mean ±SD) 61.52±11.66 59.78±10.94 66±12.49 p=0.026   
Gender (No, %) - 61 (72) 24 (28)
Smoking (yes) (No, %) 49 (58) 39 (63) 10 (42)
Hypertension (yes) (No, %) 59 (70) 43 (71) 16 (67)
Parameter (Reference range) Value interval Mean ±SD Value interval Mean ±SD Value interval Mean ±SD
Homocysteine (HCY) (5.46-16.2 µmol/L 
males; 4.44-13.56 µmol/L females) 4.23-44.99 13.44±5.85 4.23-44.9 13.24±6,22 7.14-26.53 13.96±4.88

Uric acid (UA) (182-403 µmol/L males; 134-
337 µmol/L females 134.0-527.0 325.7±89.05 153.0-527.0 338.4±87.27 169.0-496.0 293.6±81.02 p=0.034

Triglycerides (<1.7 mmol/L) 0.40-11.60 2.49±1.73 0.40-11.60 2.64±1.90 0.80-5.40 2.11±1.13
Cholesterol (<5 mmol/L) 3.2-11.0 6.43±1.56 3.20-9.9 6.26±1.48 4.10-11.0 6.84±1.69
High-density lipoprotein(HDL) 
(>1.0 mmol/L) 0.70-2.40 1.37±1.20 0.70-1.8 1.17±0.24 0.90-2.40 1.44±0.38 p=0.002

Low-density lipoprotein (LDL) (< 3 mmol/L) 2.10-7.90 4.40±1.07 2.10-6.4 4.28±0.98 2.80-7.90 4.70±1.23
C-reactive protein (CRP) (0.0-5.0 mg/L) 0.20-118.40 7.61±14.25 0.20-118.40 8.56±16.21 0.30-30.9 5.28±7.41
Neutrophile to lymphocyte ratio (NLR) 
(0.78-3.53) 0.48-22.75 4.73±3.97 0.48-22.75 4.60±4.21 0.98-14.83 5.09±3.31

Table 1. Demographic characteristics of patients and biochemical parameter values

Group of patients according to 
HCY level (µmol/L)

Group 1
<10.76
(n=28)

Group 2
10.76-14.12

(n=28)

Group 3
>14.12
(n=27)

p

Parameter Mean ±SD Mean ±SD Mean ±SD
Uric acid (UA) 
(µmol/L) 

338.18
±88.40 

326.55
±89.91

350.47
±96.34 0.130

Leukocyte (x109/L) 11.43±3.50 10.97±3.04 11.51±2.34 0.507
CRP (mg/L) 11.71±27.72 5.17±6.65 7.83±10.46 0.005
Neutrophile to lymp-
hocyte ratio 4.85±3.74 4.54±3.92 4.79±4.50 0.864

Triglycerides (mmol/L) 2.75±2.52 2.45±1.37 3.06±1.83 0.227
Cholesterol (mmol/L) 6.49±1.23 6.70±1.46 6.40±1.43 0.947
High-density lipoprote-
in (HDL) (mmol/L) 1.18±0.20 1.33±0.33 1.14±0.24 0.160

Low-density lipoprote-
in (LDL) (mmol/L) 4.41±0.69 4.49±0.97 4.31±0.96 0.985

Age (years) 59.14
±10.97

61.85
±11.01

64.23
±12.44 0.137

Variable No (%) No (%) No (%) p
Gender (Male) 25 (89) 18 (64) 21 (78) 0.501
Hypertension (yes) 16 (57) 22 (78) 17 (63) 0.578
Smoking (yes) 17 (61) 14 (50) 18 (67) 0.554

Table 2. Distribution of patients according to homocysteine 
(HCY) level
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CRP<5mg/L (rho = 0.271) and LDL>3mmol/L 
(rho=0.242). In the group of patients below 55 
years of age, a slightly higher positive correlati-
on was observed (rho=0.480), while in patients 
between 55 and 65 years of age a weak positive 

correlation between the HCY and UA concentra-
tions (rho =0.330) was observed. A weak positive 
correlation was observed also between the HCY 
concentration and the age of patients, in group 
with LDL >3 mmol /L (rho=0.238), hyperten-
sion (rho=0.338), and UA below mean value of 
325.77μmol / L (rho=0.329). All these correlations 
were at the level of significance p<0.05 (Table 4).

DISCUSSION

This research reveals a positive correlation 
between the HCY and UA level in the group of 
all patients tested, in the subgroup of patients 
with CRP levels within the reference range, as 
well as in patients with increased LDL. A positi-
ve correlation was also observed in different age 
subgroups.
The increased level of HCY in AMI compared 
to a group of healthy subjects was observed in 
several studies (6,20,21) which is in accordance 
with our research results.  However, studies rela-
ted to association of hyperhomocysteinemia and 
coronary arterial disease are contradictory, some 
of them indicating an association (22,23), while 
in other studies, such an association is not obser-
ved and is explained by high homocysteine level 
in healthy population (24). Contradictory results 
are as well due to different criteria for inclusion 
and exclusion of patients in research, different 
numbers of patients, methods of analysis, gene-
tic background and different eating habits (25). 
Genetic background, sufficient intake of vitamins 
B6, B12, and folic acid, as well as preserved re-
nal function, are factors that directly affect HCY 
serum concentration (9) and all should be taken 
into consideration when assessing HCY concen-
tration in any case. Our research results are con-
sistent with those of Cohen et al., who also found 
a positive association between homocysteine se-
rum level and uric acid serum level (26). Similar 
results have been obtained by other researchers 
as well (8,27). The correlation between HCY 
and UA is explained by the fact that hydrolysis 
of S-adenosyl homocysteine leads to adenosine, 
which is further degraded to UA (25), meaning 
that an increase of HCY concentration results in 
an increase in UA concentration. This correlati-
on between these two biochemical parameters in 
AMI points out the need for a joint observation 
of these two variables in AMI patients. Interestin-

Patient group 
(No of patients)

Concentration (µmol/L)

Homocysteine 
(HCY) Mean ±SD

Uric acid (UA)
Mean ±SD

C-reactive protein
<5mg/L (53) 13.41±6.53 321.06±88.82
>5mg/L (32) 13.25±4.50 333.93±87.36
Low-density lipoprotein (LDL)
<3mg/L (8) 15.34±5.47 338.00±87.41
>3mg/L (77) 13.15±5.94 323.96±89.23
Hypertension
Yes  (59) 13.04±4.16 343.64±93.28
No  (26) 14.78±9.32 306.73±73.90
Age (years)
<55 (22) 12.77±6.34 324.86±87.76
55-65 (36) 13.49±6.85 333.89±90.24
 >65 (27) 13.92±3.83 315.70±85.62
Gender
Male (61) 13.24±6.22 338.41±87.27
Female (24) 13.96±4.88 293.66±81.02
p p=0.034
Uric acid (UA)
<325.77µmol/L (47) 12.14±4.29 -
>325.77µmol/L (38) 15.06±7.08 -
p p=0.022

Table 3. Homocysteine (HCY) and Uric acid (UA) concentra-
tions in different subgroups of patients (mean value with 
standard deviation)

Patient group 
(No of patients)

Spearman correlation (p)
HCY/UA HCY/Age UA/Gender Age/Gender

All patients (85) rho=0.276 
(p=0.011) p=0.075 rho=0.276 

(p=0.033)
rho=0.238
(p=0.025)

C-reactive protein 

<5mg/L (53)  rho=0.271
(p=0.049) p=0.277  rho=-0.334

(p=0.01)
 rho=0.3

(p=0.006)
 >5mg/L (32) p=0.143 p=0.082 p=0.890 p=0.945
Low-density lipoprotein (LDL)

<3mg/L (8) p=0.094 p=0.482 p=0.127  rho=0.791
(p=0.034)

>3mg/L (77)  rho= 0.242
(p=0.037)

 rho=0.238
(p=0.040)

 rho=-0.298
(p=0.009)

 rho=0.229
(p=0.047)

Hypertension

Yes (59) p=0.285 rho=0.338
(p=0.019) p=0.260 p=0.552

No (26) p=0.099 p=0.668 p=0.100 p=0.079
Uric acid (UA)
<325.77
µmol/L (47) p=0.119  rho=0.329

(p=0.024) p=0.331 p=0.102

>325.77
µmol/L (38) p=0.734 p=0.780 p=0.875  rho=0.339

(p=0.037)
Age (years)

<55 (22)  rho=0.480
(p=0.024) p=0.217 p=0.066 p=0.594

55-65 (36)  rho=0.330
(p=0.050) p=0.531 p=0.348 p=0.896

 >65 (27) p=0.318 p=0.411 p=0.281 p=0.586

Table 4. The correlation analysis between uric acid (UA) and 
homocysteine (HCY) level in patient groups
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gly, this correlation was expressed in the group of 
patients with CRP concentration within the refe-
rence range. As already noted, CRP is a marker 
of low grade vascular inflammation, and athe-
rosclerosis development (28), and it is useful in 
the complete assessment of cardiovascular risk. 
It is considered as an indicator of poorer cardio-
vascular outcome in patients with AMI or angina 
pectoris. It also reflects the degree of myocar-
dial damage (29). Patients with hs-CRP<1mg/L 
have a low risk of developing cardiovascular 
diseases, patients with hs-CRP 1mg/L-3mg/L 
are in the middle-risk group, while ones with hs-
CRP>3mg/L represent a high-risk group for the 
development of cardiovascular diseases. Taking 
these risk factors into consideration, it was of no 
surprise that correlations of HCY and UA were 
both expected and confirmed in the group of pa-
tients with CRP level within the reference ran-
ge. Patients with CRP level of 5mg/L-10mg/L, 
10mg/L-20mg/L, or even more, are at the highest 
risk group, regardless of the cause of signifi-
cantly increased level (30). The distribution of 
patients in tertiles according to HCY level revea-
led elevated CRP values in all groups of patients. 
Considering the fact that there are other factors 
which can cause elevation of CRP levels besides 
atherosclerosis or AMI, future research should 
take those factors into consideration.
When patients were stratified on the basis of their 
mean concentration of UA on those below and 
above 325.77μmol/L, significant difference in 
the concentration of HCY was observed between 
the two groups. However, significant difference 
in HCY level between males and females was not 
observed, probably due to the weakness of the 
estrogenic protective effect in the female group, 
which is according to age (66 ± 12.49 years) 
in post menopause. Although younger women 
have lower HCY levels than men, this difference 
seems to disappear with aging (31). A weak posi-
tive correlation was observed between the age 
and HCY level in different subgroups of patients, 
which is in accordance with other research (32) 
and is probably due to the changes in HCY me-
tabolism or renal function disorders. Recent stud-
ies associate increased HCY level with more rap-
id development of thrombotic states (21), which 
explains the level   in patients with AMI, but clear 
mechanisms are still not fully clear. Hyperhomo-

cysteinemia is considered to cause the reduction 
of carotid intima media (33) and because of its 
prothrombotic effect is associated with platelet 
reactivity, explaining observed increased level in 
patients with AMI. Because of this, it might be 
the target of aspirin therapy (34). Homocysteine 
increases arterial stiffness (35), reduces the possi-
bility of methylation, leading to endothelial dys-
function and proliferation of smooth muscle cells 
in blood vessels, oxidative stress occurrence, 
NF-κB activation, inflammation, and inhibition 
of nitric oxide synthesis in the endothelium (25). 
It has also been confirmed that the joint effect of 
hyperhomocysteinemia and hyperuricemia has a 
stronger effect on the aforementioned epithelial 
changes (26), which again points out synergistic 
effect of HCY and UA in CVD.
The reported increased UA concentration in pa-
tients with AMI in relation to the healthy control 
group (36) is confirmed in this research. The UA 
level   in the serum of male and female patients is 
greater than the reference range levels, which are 
usually associated with a positive antioxidative 
effect of UA. Recent studies have shown incre-
ased UA level in patients with coronary artery 
disease compared to patients without this dise-
ase but no correlation between UA level and the 
degree of coronary artery disease was observed 
(37). Increased UA level promotes emergence of 
free oxygen species and state of oxidative stre-
ss (10), inducing apoptosis of cardiomyocytes, 
thereby promoting myocardial remodelling. 
Furthermore, AMI causes tissue hypoxia and hy-
poperfusion leading to the activation of xanthine 
oxidase and oxidative stress, resulting with an 
increase of UA levels. All these changes create a 
vicious circle in which the function of the heart is 
continuously deteriorating (38).
Inflammation plays a significant role in all stages 
of the atherosclerotic changes, starting from the 
beginning until the end result - AMI. The levels 
of both inflammatory markers (CRP and NLR) 
measured in this research are increased when 
compared to the reference ranges, as previously 
noted in other research papers (39). Kalay et al. 
found that high levels of NLR in acute coronary 
syndrome are independent predictors of coronary 
atherosclerosis development (40), and CRP is 
also considered to be a strong predictor of AMI 
(13). Being strong systemic inflammatory mar-
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kers in CVD, CRP and NLR are also used as 
potential predictors of harmful cardiovascular 
events (17,18). More recently, the emphasis is on 
the simultaneous use of both markers in predic-
ting adverse outcome of the disease (41). 
In conclusion, this research has shown a corre-
lation between increased HCY and UA levels in 
serum of patients with AMI who had not yet made 
PCI. Since both parameters are participants in the 
atherosclerotic process, our results seem to suggest 
that their serum levels should be analysed and in-
terpreted simultaneously. This is also true for the 
levels of CRP and NLR, indicators of a significant 
inflammatory process and a worse outcome be-
fore appropriate therapeutic treatment is applied. 

To our knowledge, this is one of the first studies 
addressing the diagnostic value of HCY, uric acid 
and CRP, taken together in a clinical setting in 
Bosnia and Herzegovina, the country with very 
high prevalence of CVD. Considering potential 
link between them, further research involving a 
greater number of patients and including the post 
treatment effects should be done.
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ABSTRACT

Aim To investigate whether or not additional treatment of ische-
mic heart disease with trimetazidine could improve effort tole-
rance and overall quality of life of patients with ischemic heart 
disease. 

Methods The study included 200 patients with ischemic heart di-
sease. The sample was divided into 2 randomly selected groups: 
experimental and control group. The diagnostic procedures inclu-
ded: trade-mill test according to Bruce protocol, heart ultrasound 
for assessment of ejection fraction, test for the assessment of qu-
ality of life and subjective problems (Short Form SF 36). Patients 
were tested for time of discharge from hospital, after 6 and 12 
months, including re-evaluation of the overall condition of the pre-
vious period.    

Results Patients have been tested for the tolerance of effort with 
the measurement Metabolic Equivalent of TASK (METs), which is 
the equivalent of physical labor. Patients treated with trimetazidine 
since the time of hospital discharge achieved an average of 3.68, 
after 6 months 5.68, and after 12 months 7.79 METs. The con-
trol group achieved 3.68, 3.59 and 3.87 METs, respectively. Using 
Mann-Whitney test no difference at discharge time (p=0.880), but 
after six and twelve months there was some difference (p<0.001). 
Results of ejection fraction measured by echocardiography were 
similar. No difference between the two groups with regard to time 
of discharge (p=0.821, but p<0.001 after six and twelve months, 
respectively). 

Conclusion Patients treated with conventional therapy including 
trimetazidine have better tolerance to effort and better ejection 
fraction on heart ultrasound examination in comparison with those 
treated without trimetazidine, so trimetazidin improve the metabo-
lic balance of heart muscle. 

Key words: METs, ergometry, echocardiography, quality of life 
with heart ischemia
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INTRODUCTION

Ischemic heart disease could be result of chronic 
inappropriate perfusion of myocardium throu-
gh coronary arteries or consequence of previous 
myocardial infarction. The main difference betwe-
en these two conditions is global ischemic status 
of whole myocardium, in chronic ischemic heart 
disease cases, without regional hypokinesia, or 
inappropriate coronary supply in a zone suffered 
by infarction with regional hypokinesia (1).
Heart failure is one of the most common diseases 
worldwide. Population of any country worldwide 
is prone to suffering of heart failure. In developed 
countries heart failure occurs in late phases of 
life, but in underdeveloped countries heart failu-
re occurs earlier. It is known that if a person does 
not suffer from any other disease, he/she will die 
from heart failure (2).
Physiologically, cardiomyocytes are replaced with 
connective tissue in elderly people. This process 
is known as cardiac remodelling (3). If there are 
no other diseases, atherosclerosis develops in blo-
od vessels and in the heart at the same time. The 
dynamic of this process is affected by many fac-
tors, including metabolic, genetic, dietary, physi-
cal activity, hormonal, and many others (4). Pri-
mary cardiomyopathy in the early phase of life is 
possible, but it is uncommon. The most common 
secondary cardiomyopathy is ischemic one with 
previous myocardial infarction, or without it (5).
Trimetazidine as a metabolic drug in combinati-
on with standard therapy in ischemic heart dise-
ase acts by selectively inhibiting KAT enzymes 
and reducing oxidation of fatty acids, stimulating 
glycolysis with the formation of a higher amount 
of ATP (6). It proves acidosis in the cell by increa-
sing the calcium concentration, increasing the me-
tabolic rate of phospholipids. At the same time it 
protects the cell membrane from oxidative stress 
caused by beta-oxidation of fatty acids, increa-
ses myocardial contractility, prevents myocardial 
apoptosis (through MAPKYAKT pathway), redu-
ces cardimyocytes sensitivity to oxygen radicals 
and reduces the occurrence of interstitial myocar-
dial fibrosis (through ROS / CTGF pathway) (7)
Heart failure could be asymptomatic for a few 
months or a few years. The first symptoms of he-
art failure will develop during an effort, in the 
beginning just during great effort, but later  with 
limited effort too (8). The NYHA classification 

has been very useful for many years and can be 
some orientation for diagnosis and treatment of 
heart failure. In European population 6-10% of 
elderly individuals older than 65 years suffer 
from heart failure. Death related to heart failure 
has cardiovascular origin of the disease. 
In normal physiology of the heart, more than 
60% of metabolic energy for heart work comes 
from beta oxidation of fatty acids. Five percent is 
from metabolic turnover of lactic acids and about 
35% from glycolysis. This is very different from 
skeletal muscles where most energy is generated 
by glycolysis (9)
Improvement of metabolic state of the heart pro-
duction of energy will be the best idea to improve 
heart function at all. Metabolic support is an idea 
that has existed for a few decades, but in the last 
three decades metabolic therapy was introduced 
for improvement of the overall heart metabolic 
status. One of the most commonly used metabolic 
drugs is trimetazidine. To analyse whether meta-
bolic therapy improves effort tolerance and quality 
of life we performed this study (10,11). 
The aim of this study was to investigate whether 
or not additional treatment of ischemic heart di-
sease with trimetazidine could improve effort to-
lerance and overall quality of life of patients with 
ischemic heart disease.

PATIENTS AND METHODS

Patients and study design

The study was performed at the Department of 
Cardiology in University Clinical Centre (UKC) 
in Tuzla during 2017. The study included 200 pa-
tients with ischemic heart disease randomly divi-
ded into two groups. The first one, experimental 
group, was treated with conventional therapy and 
metabolic drug trimetazidine in the dose of 35 mg 
daily for all patients. The second group was treated 
only with conventional therapy, without trimetazi-
dine. At the and of the study, after one year, in the 
experimental group 95 patients were completely 
followed up (47 females and 48 males), and in the 
control group 84 (44 females and 40 males). 
All patients signed informative consents. The study 
was approved by Etic Committee of UCC Tuzla. 

Methods 

Patients were examined for conventional risks 
of ischemic heart disease, including blood cell 
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count, total cholesterol, high density lipoprote-
in (HDL) cholesterol, low density lipoprotein 
(LDL), cholesterol, triglycerides, urea, creatini-
ne, and fasting blood glucose. 
Patient’s tolerance to effort was examined by tra-
de-mill stress testing according to Bruce protocol 
(12). For all patients echocardiography was per-
formed with the measurement of ejection fraction 
(EF) (13-15).  
The ergometry test and measurement of ejection 
fraction on echocardiography, as well as analysis of 
quality of life considered with standardized questi-
onnaires, were performed at the time of discharge 
from hospital, after 6 months and after 12 months. 
Standardized and authoritative questionnaires 
were used for a realistic assessment of all aspects 
of quality of life, including personal satisfaction 
with their love life, the feeling of existence of life 
energy, emotional state, mood or depression, es-
pecially parameters of the physical effort. In la-
boratory diagnostic conditions, the Bruce proto-
col of ergometry, and on the other hand, tolerance 
to the effort that affects the possibility of daily 
activities, such as walking up the stairs, were 
analysed. Gradation was applied as follows: ea-
sily climbing to the third floor up the stairs repre-
sents a good tolerance to effort, fatigue already 
at the beginning of the second floor, as moderate 
restriction, and fatigue already at the first floor 
as a significant limitation for climbing the stairs.
Quality of life was assessed with standardized 
questionnaire, short version (Short Form SF 36) 
(16,17). 
Patients were assessed after discharge from hos-
pital, after six months and after twelve months. 

Statistical analysis

The data were assessed using Kolmogorow-
Smirnov test with nonparametric Mann-Whitney 
test of sum of rank. The results of quality of life 
questionnaire were calculated by nonparametric 
Fisher exact test, if the frequency was less than 5, 
otherwise by χ2 test. p<0.05 was used as statisti-
cally significant. 

RESULTS

All 200 patients were followed up during the pe-
riod of twelve months. Some patients were lost 
from the follow-up, and at the end, 95 patients in 
the experimental group were followed up during 

the entire period of twelve months. In the control 
group 84 were followed up completely. 
On the day of discharge from hospital, there was 
no difference between the patients in the effort 
tolerance by measure of the achieved METs, 
3.6774 METs inthe experimental and 3.6838 in 
the control group (p=0.880). After six months of 
the treatment, the trade-mill showed statistically 
significant difference, e. g. patients of experimen-
tal group had better tolerance to effort (p<0.001). 
Greater tolerance to effort was recorded after 12 
months, 7.77 METs and 3.87 METs, respecti-
vely) (Figure 1). 

Figure 1. Achievment of Metabolic Equivalent of TASK (METs) 
in ergometry, trade-mill exercise testing according to Bruce 
protocol in three periods of assessement

Figure 2. Ejection fraction (EF) (%) in three periods of asses-
sement

On the date of discharge, average EF was nearly 
the same in both groups: experimental 0.5469 
and control 0.5828 (p=0.821), but after six and 
twelve months it was better in the experimental 
group (p<0.001) (Figure 2). 

Complete laboratory examination for the para-
meters, which could influence results of ergo-

Suljić et al. Trimetazidine in ischemic heart disease
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metry and EF, were performed. Red blood cell 
count was not different in the groups on the date 
of discharge from hospital.  An average Hb in the 
experimental group was 137.90 g/L (±18.44), and 
in the control group 138.84 (±18.59) (p=0.374). 
Total cholesterol in the experimental group was 
in average 4.93 mmol/L (±1.81), and in the expe-
rimental group 5.01 mmol/L (±1.136) (p=0.126). 
Better condition for moving up the stairs on se-
veral floors was found in the group treated with 
tremetazidine than in patients with only conven-
tional therapy (Table 1). 

DISCUSSION 

Our results were compared with those in recent li-
terature in the assessment of effort tolerance and 
quality of life.  One of the most important studies 
related to trimetazidine is TRMPOL II. In this stu-
dy, 12-week treatment with trimetazidine plus me-
toprolol significantly improved treadmill exercise 
test results and reduced all symptoms of ischemic 
heart disease, compared with the patients treated 
with metoprolol and placebo. The patients were 
with stable angina pectoris. This improvement 
was achieved without any hemodynamic changes 
in these patients, whose angina was not controlled 
only with metoprolol in the therapy. In this study 
trimetazidine showed good tolerability, no serio-
us side effects were reported (18). In some other 
studies a combination of thimetazidine and con-
ventional therapy was tested with calcium channel 
blocker, beta blocker etc. The results showed the 
benefit of combination of trimatazine with con-
ventional therapy (19-21).
The positive effect of trimetazidine to car-
dimyocytes has not yet been fully understood. It 
is not quite clear whether it can be attributed to 
direct cytoprotective actions, change of tissue pH 
and by reduction of myocardial cell acidosis. Re-
duction of calcium overload was seen including 
increase of intracellular ATP levels, increase and 

preservation of the antioxidant capacity (22). As a 
result of these actions protection against oxygen-
free radical induced toxicity was done (23). 
In our study it was clear that addition of triemta-
zidine to conventional anti-ischemic therapy 
improves body capacity to effort, improves com-
plete myocardial metabolism with preservation 
of systolic heart function measured by ejection 
fraction. The results of effort tolerance were the 
same as noted in recent literature (24-26).
It is known that good resolution of myocardial 
injury after myocardial infarction is essential 
for preservation of cardiac compensation. If the 
reparation of myocardium, after myocardial in-
farction is not well done, substantial quantity of 
fibrous tissue and scar may be replacement for 
injured myocardial tissue. In these situations 
substantial regional hypokinesia could be seen 
(27). On the other hand, if the scar tissue is very 
powerful, diastolic heart dysfunction could be fo-
und. In this situation heart failure with preserved 
ejection fraction may occur (28). 
To evaluate complete patients’ ability for 
everyday practice, a modified and abbreviated 
questionnaire was developed. Assessment of 
patient’s ability to go upstairs showed better con-
dition in patients treated with trimetazidine than 
without it. 
In conclusion, the result of this study has shown 
that addition of trimetazidine to conventional 
therapy improves ischemic cardimyocytes me-
tabolism with improvement of patient’s ability 
for effort, improved ejection fraction resulting in 
overall improvement of quality of life. 
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No (%) of patients

Limitation while moving 
up stairs

Before therapy 6-month therapy 12-month therapy 
Experimental group Control group Experimental group Control group Experimental group Control group

No limitation 1 (1) 5 (5) 1 (1.05) 1 (1.19) 11 (11.82) 2 (2.5)
Medium limitation 12 (12) 31 (31) 28 (29.47) 24 (28.57) 41 (44.09) 26 (32.5)
Severe limitation 87 (87) 64 (64) 66 (69.47) 59 (70.24) 41 (44.09) 52 (65)
Total 100 100 95 84 93 80
p <0.001 0.932 0.001

Table 1. Limitation while moving up the stairs on several floors
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ABSTRACT

Aim To investigate the association of parameters of lipid profile 
and estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 
m2 calculated by the Modification of Diet in Renal Disease 
(MDRD) in non-dialysis kidney patients. 

Methods The observational, case-control study enrolled patients 
(n=117) recruited from the Nephrological Counselling Centre of 
the University Clinical Centre Sarajevo and divided into two grou-
ps: group 1 eGFR (15-59 mL/min/1.73 m2), and group 2 (control) 
eGFR ≥ 60 mL/min/1.73 m2. Concentration of lipids, lipoproteins 
and apolipoproteins was measured, and atherogenic index of pla-
sma (AIP; log(TG/HDLc)) was calculated. 

Results High density lipoprotein cholesterol (HDLc) and apo-
lipoprotein E (APOE) concentrations in serum were reduced 
[(1.02 (0.94-1.29) vs 1.15 (1.1-1.4) mmol/L; p=0.009 and 0.035 
(0.026-0.04) vs 0.041 (0.034-0.05) g/L; p=0.002, respectively)], 
while AIP was higher in group 1 than in group 2 (0.19±0.03 vs 
0.09±0.04; p=0.013). Values less than 1.09 mmol/L and 0.038 g/L 
for HDLc and APOE, or higher than 0.165 for AIP (p<0.05) were 
associated with the eGFR below 60 ml/min/1.73 m2. The age [OR 
= 1.1; 95% CI (1.05-1.17)] and AIP [OR = 8.7; 95% CI (1.18-
65.0)] were independent positive predictors, while APOE was 
a negative predictor of eGFR reduction rate (OR=0.01; 95% CI 
(0.001-0.033; p<0.001).

Conclusion Changes in parameters such as HDLc, APOE and AIP 
are associated with CKD. The study results imply the need of the 
AIP calculation as routine laboratory work due to its role along 
with the age and APOE in the prediction of renal function decline. 

Key words: kidney failure, estimated glomerular filtration rate, 
lipid profile
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide 
public health problem. Characteristic lipid distur-
bances known as atherogenic dyslipidaemia are 
present in patients with CKD (1). Dyslipidaemia 
is one of the cardiovascular risk factors responsi-
ble for cardiovascular disease and rapid progre-
ssion of chronic kidney disease to the end stage 
of renal disease. Early detection and management 
of dyslipidaemia will reduce cardiovascular bur-
den and retard the progression of CKD (2). Tra-
ditionally, the risk of developing of cardiovascu-
lar disease is evaluated by determining lipid and 
lipoprotein parameters such as cholesterol, tri-
glycerides, high-density lipoprotein cholesterol 
(HDLc) and low-density lipoprotein cholesterol 
(LDLc). Over time the statement that apolipo-
proteins such as apolipoprotein A-I (apo A-I), 
apolipoprotein B-100 (apo B-100), apolipopro-
tein E (APOE) are more significant parameters 
for risk assessment of developing cardiovascu-
lar disease than classical lipid parameters has 
become controversial (3-5). In order to attempt 
predictive capacity of lipids and an increase of 
the quality of their predictive capacity, lipid ratio 
known as atherogenic indices index was introdu-
ced as a reflection of the metabolic and clinical 
interactions between lipid fractions (6). Athero-
genic index of plasma (AIP) as a logarithmically 
transformed ratio of molar concentrations of tri-
glycerides (TG) to HDLc (logTG/HDL) and less 
susceptible to disease activity, explains the rela-
tionship between atherogenic and protective mo-
lecules (7). The lipid profile such as HDLc, TG 
with normal or even low total cholesterol (TC), 
and LDLc, frequently found in CKD, is strongly 
atherogenic (2). The degree of renal impairment, 
etiology of the primary disease, the presence of 
nephrotic syndrome and the method of dialysis 
affect concentrations of all lipoprotein classes 
showing variations of these abnormalities (8).
Besides the role of dyslipidaemia in the deve-
lopment of cardiovascular complications of 
CKD, confusion exists related to the role of ma-
jor determinants of dyslipidemia in CKD pati-
ents as well. Some data suggest that dyslipidae-
mia causes a decrease in glomerular filtration 
rate (GFR) or reduced GFR leads to dyslipidae-
mia (9,10). Furthermore, other comorbidities 
in CKD such as diabetes or hypothyroidism 

additionally cause dyslipidaemia (11,12). In or-
der to clarify the role of dyslipidaemia in CKD 
development, there is need to investigate the 
association of dyslipidaemia and GFR decline 
in kidney diseases. Among lipid profile para-
meters, there are limited data about their ability 
to differentiate and predict GFR decline below 
60 mL/min/1.73m2 assessed by the abbreviated 
Modification of Diet in Renal Disease (MDRD) 
formula (13).
The aim of this study was to investigate the role 
of lipids, lipoproteins, apolipoproteins and athe-
rogenic index of plasma in the differentiation 
of estimated glomerular filtration rate (eGFR) 
less than 60 mL/min/1.73m2 assessed by MDRD 
equation in predialysis, kidney disease pati-
ents. Additionally, we would like to define li-
pid parameter cut-off values for differentiation 
of CKD based on eGFR and to find the model 
for prediction of eGFR decline less than 60 mL/
min/1.73m2 in those patients.

PATIENTS AND METHODS

Patients and study design

The observational, case-control study enrolled 
117 patients of both sexes, 35-60 years old, who 
were diagnosed with kidney disease persisting 
for at least three months. They attended the Nep-
hrological Counseling Center of the University 
Clinical Center Sarajevo during the period De-
cember 2016-Septembar 2017. The participants 
were informed of all aspects of the research and 
gave written informed consents for inclusion in 
the study. The Ethics Committee approval of the 
University Clinical Center Sarajevo was obtained 
before the initiation of the study. 
The data of the age, gender, current smoking, 
medical history including history of renal disea-
ses and comorbidities were taken by medical in-
terview, patient clinical examination and through 
evaluation of the patients’ medical documentation. 
Blood pressure measurements were done using 
a standardized protocol and calibrated sphygmo-
manometer. The inclusion criteria were: kidney 
disease that persists more than 3 months and 
eGFR more 15 mL/min/1.73m2 (by definition, 
chronic kidney disease has reduced GFR less 
than 60 mL/min/1.73 m2 for at least 3 months) 
(14). Patients treated with drugs such as hypolipi-
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demics, corticosteroids and immunosuppressants 
(systemic diseases), transplant recipients, end 
stage renal disease patients treated with hemo-
dialysis or peritoneal dialysis, patients diagno-
sed with nephrotic syndrome, diabetes, chronic 
alcoholism and diseases of the thyroid gland and 
liver, and those with triglyceride levels above 4.5 
mmol/L were excluded from the study. 
According to eGFR, patients were divided into 
two groups: group 1 - eGFR between 15 and 59 
mL/min/1.73 m2 (n=73) and group 2 (control) - 
eGFR ≥ 60 mL/min/1.73 m2 (n=44).

Methods

The blood samples were collected after overnight 
fasting and the parameters were measured using 
standard laboratory assays; triglycerides (TG), 
total cholesterol (TC) and HDLc were measured 
by spectrophotometry (Clinical Chemistry Di-
mension analyzer SIMENS, Germany); ApoA-I, 
ApoB-100, APOE and lipoprotein (a) [(Lp (a)] 
were measured using immunoturbidimetric assays 
(Clinical Chemistry analyzer BN II, SIMENS, 
Germany). Creatinine and urea were measured 
in serum by kinetic colorimetric tests (Architect 
c8000i, ABBOT, Illinois, U.S.A.). Very low den-
sity lipoprotein (VLDLc) and LDLc were cal-
culated according to commonly used formulas: 
VLDLc (mmol/L)=TG/ 2.2 mmol/L and LDLc 
(mmol/L)=TC- HDLc-VLDLc (15). Atherogenic 
index of plasma was calculated according to the 
formula: AIP= log TG / HDLc (16). All analyses 
were performed at the Organisational Unit Clini-
cal Chemistry and Biochemistry, University Cli-
nical Center Sarajevo. Estimated GFR was calcu-
lated from serum creatinine using revised MDRD 
formula: eGFR (mL/min/1.73 m2)=175 (serum 
creatinine inμmol/L × 0.011312)−1.154 × (age)−0.203 

× (0.742 if female) × (1.212 if African American/
black) (13).

Statistical analysis

Kolmogorov-Smirnov test was used to test the 
normal distribution of the variables.The data were 
expressed as the mean with standard deviation or 
median with interquartile interval depending on 
normality of data distribution. To test the diffe-
rence between groups, parametric/non-parametric 
tests (Student t-test or Mann-Whitney test, respec-
tively) were used. The differences between catego-

rical variables were tested by χ2 test. The Receiver 
Operating Characteristics (ROC) curve was used 
to identify variables and their cut-off values for 
differentiation of patients with eGFR less than 60 
mL/min/1.73/m2. It was followed by calculations of 
specificity, sensitivity, positive and negative predic-
tive values according to formulas: sensitivity=A/
(A+C)x100; specificity=D/(D+B)x100; positive 
predicitive value (PPV)=A/(A+B)x100; negative 
predictive value (NPV)= D/(D+C)x100; A-true 
positive; B-false positive; C-false negative; D-true 
negative. Multivariable logistic regression analysis 
was conducted to test the predictive model for 
eGFR less than 60 mL/min/1.73/m2. Probabilty 
was set at p<0.05 and considered significant.

RESULTS

Patients of eGFR group 1 were significantly older 
compared to those in eGFR group 2 (p<0.001). 
Furthermore, urea, creatinine and blood pressu-
re were significantly higher in group 1 patients 
(Table 1). 

Parameters eGFR Group 1*
(n=73)

eGFR Group 2*
(n=44) p 

Age (years) median (25th-
75th percentile)

56.0
(52.2-59.0)

48.0
(35.5-57.0) <0.001

Duration of illness (years) 
median (25th-75th 
percentile)

5.0
(2.0-15.0)

3.0
(1.0-10.0) 0.22

Gender (males) (%) 33 (45.2) 21 (47.7) 0.85
Smoking (yes) (%) 22 (30.1) 17 (38.6) 0.42

Creatinine (µmol/L) 
median (25th-75th 
percentile)

168.0
(1250-229.5)

81.5
(69.3-93.0) <0.001

Urea (mmol/L) median 
(25th-75th percentile)

9.8
(7.2-15.2)

5.0
(4.13-5.58) <0.001

SBP (mmHg) median 
(25th-75th percentile)

130.0
(120-142.0)

120
(112.5-130.0) 0.002

DBP (mmHg) median 
(25th-75th percentile)

80
(80.0-90.0)

80.0
(70.0-80.0) 0.003

Table 1. Basic characteristics of the patients relative to the 
estimated glomerular filtration rate

Median, median with 25th-75th percentile; *eGFR Group 1: estima-
ted glomerular filtration rate between 15-59 mL/min/1.73 m2; eGFR 
Group 2: estimated glomerular filtration rate greater than or equal 
to 60 mL/min/1.73 m2; SBP, systolic blood pressure; DBP, diastolic 
blood pressure

Among tested parameters, median values of HDLc 
and APOE were significantly lower (p=0.009 and 
p=0.002, respectively) in patients of eGFR group 
1 compared to eGFR group 2 patients. However, 
AIP value was higher in group 1 than in group 2 
of the patients (p=0.013). The level of other lipids, 
lipoproteins and apolipoproteins did not differ si-
gnificantly between the groups (Table 2). 
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ROC analysis showed that HDLc, APOE and AIP 
in patients with eGFR less than 60 mL/min/1.73/
m2 were less than 1.09mmol/L (p=0.002) and 
0.038 g/L (p=0.002) for HDLc and APOE, but 
higher than 0.165 for AIP (p=0.019) (Table 3).
Multiple logistic regression analysis was used 
to test the model for prediction of eGFR less 
than 60 mL/min/1.73/m2. A univariate regressi-
on analysis included dependent variables such 
as age, sex, history of kidney disease, smoking 
habit, concentration in serum of parameters such 
as lipids, lipoproteins, apolipoproteins, and value 
of AIP as independent predictors in the model. 
Among them, age, AIP and APOE were asso-
ciated with eGFR less than 60 mL/min/1.73/m2. 
Therefore, predictors associated with eGFR less 
than 60 mL/min/1.73/m2 in the univariate regre-
ssion analysis were included in the model of mul-
tivariable regression analysis. It was found that 
age [OR = 1.1; 95% CI (1.05-1.17)] and AIP [OR 
= 8.7; 95% CI (1.18-65.0)] were independent 
positive predictors, while APOE was a negative 
predictor [OR = 0.01; 95% CI (0.001-0.033)] of 

eGFR less than 60 mL/min/1.73/m2. The model 
was statistically significant (p <0.001) and co-
uld explain between 35.0% (R2 Cox and Snell) 
and 47.4% (R2 Nagelkerkea) variance results and 
accurately classified 77.0% of cases (Table 4).

Mean±standard deviation (median 
with 25th-75th percentile)

Parameters eGFR Group 1*
(n=73)

eGFR  Group 2*
(n=44)

p 

TC (mmol/L) 5.37 (4.6-5.8) 5.52 (5.1-6.2) 0.2
TG (mmol/L) 1.74 (1.3-2.3) 1.38 (1.0-2.3) 0.095
VLDLc (mmol/L) 0.79 (0.6-1.0) 0.63 (0.5-1.0) 0.095
LDLc (mmol/L) 3.3±0.11 3.57±0.14 0.35
HDLc (mmol/L) 1.02 (0.94-1.29) 1.15 (1.1-1.4) 0.009
Lp(a) (mmol/L) 0.09 (0.03-0.2) 0.07 (0.02-0.18) 0.21
Apo B-100 
(mmol/L) 0.85±0.03 0.91±0.04 0.12

Apo A-I (mmol/L) 1.23±0.03 1.24±0.03 0.29
APOE (g/L) 0.035 (0.026-0.04) 0.041 (0.034-0.05) 0.002
AIP 0.19±0.03 0.09±0.04 0.013

Table 2. Lipids, lipoproteins, apoproteins and atherogenic 
index of plasma relative to estimated glomerular filtration 
rate (eGFR)

*eGFR Group 1: estimated glomerular filtration rate between 15-59 
mL/min/1.73 m2; eGFR Group 2: estimated glomerular filtration rate 
greater than or equal to 60 mL/min/1.73 m2; TC, total cholesterol; TG, 
triglycerides; VLDL, very low density lipoprotein cholesterol; LDLc, 
low density lipoprotein cholesterol; HDLc, high density lipoprotein 
cholesterol; Lp(a), lipoprotein (a); Apo B-100, apolipoprotein B; 
ApoA-I, apolipoprotein A-I; APOE, apolipoprotein E; AIP, atheroge-
nic index of plasma

Variables Cut-off value AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) 95% CI p 
HDLc (mmol/L) 1.09 0.33 64.4 68.2 77 53.6 0.23-0.43 0.002
APOE (g/L) 0.038 0.33 66.7 54.5 69.7 51.1 0.22-0.43 0.002
AIP 0.165 0.63 61.6 64.4 75 50.9 0.52-0.74 0.019

Table 3. Sensitivity and specificity of high density lipoprotein cholesterol (HDLc), apolipoprotein E (APOE) and atherogenic index 
of plasma (AIP) in differentiation of patients with estimated glomerular filtration rate (eGFR) less than 60 mL/min/1.73/m2

AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval

Model Regression 
Coefficient

Standard 
error p OR

95%    CI for OR
Lower 
limit

Upper 
limit

Age 0.1 0.03 0.001 1.1 1.05 1.17
AIP 2.17 1.0 0.034 8.7 1.18 65.0
APOE -7.2 1.9 0.001 0.01 0.001 0.033

Table 4. Multivariable logistic regression model of independ-
ent risk factors for predicting estimated glomerular filtration 
rate (eGFR) less than 60 mL per minute per 1.73 m2

AIP, atherogenic index of plasma; APOE, apolipoprotein E; OR, odds 
ratio; CI, confidence interval

Figure 1. Receiver operating characteristics (ROC) curve of 
high density lipoprotein cholesterol (HDLc), apolipoprotein E 
(APOE) and atherogenic index of plasma (AIP) in differentia-
tion of estimated glomerular filtration rate (eGFR) of more or 
less than 60 mL/min/1.73 m2

AUC, area under curve; CI, confidence interval;

DISCUSSION

Up to now dyslipidaemia, has been associated 
with rapid decline in renal function and commen-
cement of renal replacement therapy in CKD 
patients. The precise mechanism is unknown; 
however, abnormalities in plasma lipids and li-
poproteins are well documented (1). However, 
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dyslipidaemia, as a predictor or mediator of 
decline in renal function of CKD patients is not 
completely clear (9,10) pointing out the need of 
its analysis based on the method of GFR asse-
ssment and proper selection of patients. Various 
comorbidities as causes of secondary dyslipi-
daemia, ways of studied groups comparison and 
finally, methods of GFR assessment resulted in 
controversial data regarding lipids and their role 
in CKD (9-12). Up to now very few data have 
been published on association of pre-dialysis 
CKD patients (classified into groups below and 
greater/ equal to 60 mL/min/1.73m2)  and dysli-
pidaemia based on MDRD assessment of GFR. 
In this study we tried to clarify which parameters 
of lipid profile are able to differentiate and predict 
decline in eGFR below 60 mL/min/1.73m2. Valu-
es of HDLc, APOE were lower and AIP was si-
gnificantly higher in patients with eGFR between 
15 and 59 mL/min/1.73 m2. The results of ROC 
analysis revealed that values of HDLc lower than 
1.09 mmol/L, APOE lower than 0.038 g/L and 
AIP higher than 0.165 could differentiate patients 
with decline in eGFR values less than 60mL/min/ 
1.73 m2. Although these three parameters could 
be used as a marker for differentiation of patients 
with eGFR below 60 ml/min/1.73 m2 since are-
as under the curve were statistically significant, 
relatively low sensitivities and specificities do 
not warrant their clinical use as markers of CKD. 
However, we believe that these markers have im-
portance for the differentiation of CKD patients 
if they are combined with other biomarkers requ-
iring further elucidation. 
Rahman et al. (17) reported that total choleste-
rol, triglycerides, Lp (a), VLDLc, LDLc, HDLc, 
apoA-I, and apo-B were not independently asso-
ciated with progression of kidney disease in the 
large cohort of CKD patients. In addition, they 
stated that lipid-lowering agents have not shown a 
consistent benefit on the progression of kidney di-
sease. Investigating the role of dyslipidaemia in the 
prediction of cardiovascular disease and staging of 
CKD in diabetic pre-dialysis and dialysis patients 
Corsetti et al. (18) emphasized the antiatheroge-
nic properties of HDL derived from apolipopro-
teins and enzymes such as APOE and the value of 
APOE in the prediction of cardiovascular risk in 
women. In apparently healthy individuals, Malar-
kodi et al. (19) found a significant negative corre-

lation of LDL, total cholesterol, non-high density 
cholesterol (non-HDLc) and a positive correlation 
of HDL with eGFR. The results of our study re-
garding  HDLc were concordant with the results of 
Baragetti et al. (20), who reported that low HDLc 
levels, diabetes and hypertension were associated 
with reduced GFR; additionally, in their study, low 
HDLc levels were associated with earlier initiation 
of dialysis, or doubling of the plasma creatinine 
level. High density lipoprotein cholesterol was the 
only lipid parameter associated with the increased 
risk of eGFR below 60 ml/min/1.73 m2 (hazard 
ratio 0.951; 95% confidence interval (CI) 0.917-
0.986, p= 0.007), independently of the presence of 
diabetes. In the study of Bowe et al. (21), HDLc 
lower than 30 mg/dL was associated with the 
increased risk of eGFR below 60 ml/min/1.73 m2 
and CKD progression. In our study, HDLc could 
not predict eGFR below 60 ml/min/1.73 m2, whi-
le APOE and AIP along with age were indepen-
dent predictors of decline in eGFR below 60 ml/
min/1.73 m2. The model provided 77% chance of 
a correct classification of patients. Specific abnor-
malities in the lipoprotein metabolism result from 
an inappropriate activity of key enzymes develo-
ped in the early stage of kidney function decline 
leading to dyslipidaemia (1,22,23). Penn Diabetes 
Heart Study conducted on type 2 diabetics without 
cardiovascular or renal complications showed that 
Lp (a) may play a role in renal impairment; two-
fold increase in Lp (a) was associated with decline 
in eGFR (24). Contrary to the Penn Diabetes Heart 
Study, but similar to our study, Rahman et al. (17) 
did not find any significant association between 
plasma Lp (a) levels and decline in eGFR, stating 
that Lp (a) plays a role in the early development of 
cardiovascular disease especially, whereas other 
pathologies such as hyperfiltration and fibrosis 
may drive subsequent eGFR decline. Lipoprotein 
(a) concentrations vary considerably between in-
dividuals due to genetic and non-genetic factors 
(25). The current study did not enrol CKD patients 
with type 2 diabetes, pointing the possible addi-
tional role of diabetes on Lp(a) association with 
eGFR decline in the Penn Diabetes Heart Study 
(24). It is known that the of role Lp (a) in affecting 
CVD risk among diabetic patients is complicated 
by the presence of various metabolic abnormaliti-
es and a clear role of Lp(a) in diabetic patients is 
yet to be demonstrated (26). 
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ABSTRACT

Aim To synthesize evidence about the influence of individual an-
timicrobial stewardship programs (ASP) related to the prevention 
of Clostridium difficile (C. difficile) infection on primary and se-
condary outcomes.

Methods Relevant databases such as Medline, PUBMED, 
COCHRANE library and EBSCO were searched from 1 April to 
27 April 2017. Additional studies were reached by the manual se-
arch for original articles in relevant journals. We included all ran-
domized controlled, quasi-experimental and observational studies, 
published in the English language from 2007 onward, that evalua-
ted effectiveness of ASP in preventing and controlling C. difficile 
associated disease (CDAD) among adult inpatients.

Results Implementation of ASP interventions was associated with 
CDAD incidence reduction in 62.5% studies, but no significant 
differences were reported for the duration of hospitalization, read-
mission and mortality rate. Improvements in prescribing patterns 
(decreased antimicrobial use or increased rational use) and micro-
bial outcomes (decreased rates of selected antimicrobial-resi-
stant bacteria) were reported. Evidence on the effects of ASP is 
mainly limited to the results of studies low in methodological qua-
lity with great heterogeneity of outcomes, interventions, and units 
in which CDAD incidence data were reported.

Conclusion Despite the low strength of evidence of reviewed stu-
dies, consistency of findings suggest the positive impact of anti-
microbial stewardship programs on the prevention and control of 
nosocomial CDAD. The significance of this problem imposes ran-
domized control trial use as the best instrument to provide high-
quality evidence. Further studies need to systematically analyse 
changes in all antibiotic use and its outcomes. 

Key words: Antimicrobial Stewardship Program, clostridium in-
fections, disease outbreaks, prevention
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INTRODUCTION

Clostridium difficile (C. difficile) is a Gram-posi-
tive, anaerobic bacterium sensitive in vegetative 
form, which can survive for a long period of time 
in an external environment (1). It is the well-esta-
blished causative agent of nosocomial diarrhoea 
(1,2). In addition to asymptomatic carrying, C. 
difficile toxin-producing strains (A, BI Binary 
toxin) can cause different clinical manifestations 
(ranging from mild diarrhoea to pseudomembra-
nous colitis and toxic megacolon) in individuals 
with risk factors such as older adults in hospitals 
and in long-term care facilities. Clostridium diffi-
cile–associated disease (CDAD) has become an 
increasingly prevalent problem with pronounced 
hospitalization costs and adverse outcomes (3,4).
According to a study conducted in 2013 in 482 
hospitals from 20 European countries, incidence 
rates for hospital-acquired CDAD ranged from 
0.7 to 28.7, while the average incidence rate 
was 7 per 10.000 hospital discharges (5).United 
States’ hospitals reported approximately 453.000 
cases of hospital-acquired diarrhea associated 
with C. difficile in 2011.The estimated number 
of first recurrences was 83.000 and the estimat-
ed number of deaths 29.300. The incidence was 
higher among females, Caucasians and persons 
older than 65 years of age (6). The CDAD was 
more frequently diagnosed in internal medicine 
and long-term care wards (7).
Over 90% of nosocomial CDAD occurs during or 
after a broad-spectrum antibiotic therapy, (second 

and third generation cephalosporins, fluoroqui-
nolone and clindamycin). Therefore, antimicrobial 
stewardship programs (ASPs) could be the most 
effective methods for the prevention and suppres-
sion of CDAD in the hospital setting (8).These 
programs focus on the adequate antibiotics use 
and the microbial resistance reduction (9).Their 
implementation can be achieved through several 
types of interventions. Restrictive interventions 
involve rigorously limiting the choice of health-
care workers in prescribing antibiotics to patients. 
Persuasive interventions are mainly focused on 
counselling health workers to change their exist-
ing attitudes and practices related to prescribing. 
Structural interventions refer to locating the source 
of the problem and altering it through individual, 
organizational and environmental levels (10).
The previous systematic review found low-qu-
ality evidence that ASPs could improve pres-
cribing policy and microbial outcomes without 
significant adverse effects on patient outcomes 
and healthcare expenditures. Very little is known 
what would be the most cost-effective programs 
for rationalizing antibiotic use at hospitals and 
healthcare systems level (11).
The aim of this systematic review was to synthe-
size evidence about the impact of individual anti-
microbial stewardship programs (ASP) related to 
the prevention of C. difficile infection on primary 
and secondary outcomes.

MATERIALS AND METHODS

Selection criteria

The conceptual framework for content analysis 
illustrated interventions and outcomes of ASP 
(Figure 1). The ASP was defined as a continuing 
procedure in a health care institution to optimize 
antimicrobial use among patients in the hospital 
setting, improve patient outcomes, reduce anti-
microbial resistance and provide cost-effective 
treatment. The effective inpatient ASPs are asso-
ciated with the key, coordinated specific inter-
ventions and aimed at improving the practice of 
prescribing antibiotics either by increasing effec-
tive or by reducing unnecessary treatment. The 
restrictive interventional techniques included 
banning or restricting medically important anti-
biotics use in hospital and obtaining the approval 
of clinical pharmacologist or infective disease Figure 1. Conceptual framework of antimicrobial stewardship 

program
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specialists before administering an antibiotic. 
The persuasive interventional techniques consi-
dered guidelines, clinical pathway development, 
and education. The structural interventions were 
prospective audit and intervention, antimicro-
bial order forms, electronic monitoring system 
for prescribing therapy to hospitalized patients, 
maintaining e-mail consultation or using modern 
rapid laboratory tests (10,13).
The outcome variables included in this paper 
were patient-centred or primary (incidence of C. 
difficile infection, mortality, duration of hospita-
lization, adverse effects) and secondary outco-
mes (antibiotic prescribing, microbial resistance 
and healthcare costs). 
The first three authors discussed and reached 
an agreement about the selection criteria. All 
randomized, control, quasi-experimental, con-
trolled clinical trial, controlled before/after stu-
dy and observational studies from 2007 onward, 
with available abstracts and data on the effecti-
veness of ASPs in preventing and controlling C. 
difficile infection outbreaks among adult hospita-
lized patients, were included. In addition to adult 
hospitalized patients, all health workers licensed 
to prescribe antibiotics to hospitalized patients 
are considered research participants. Full-text 
language was limited to English. The researchers 
(authors) applied no restrictions on the country.
The studies carried out in nursing home or long-
term care settings involving only the elderly or 
paediatric population, describing an interventi-
on with no assessment of the effect of the interven-
tion and analysing antimicrobials for medical or 
surgical prophylaxis or the impact of antibiotic rati-
oning programs on outcomes that were not associa-
ted with the incidence of CDAD, were excluded.

Search strategy

Key words and Medical Subject Headings 
(MeSH) used for research strategy were: C. diffi-
cile pseudomembranous colitis; antibiotic/anti-
microbial; stewardship/ restriction/ guideline/ 
policy; prevention and control; hospital setting.  
Medline, PUBMED, COCHRANE library and 
EBSCO were searched from 27 April to 1 April 
2017. A combination of terms was adapted to 
each database; Boolean AND/OR operators used 
to establish the logical relations among concepts.  
Additional relevant studies were identified accor-

ding to the correspondence of the title with the 
question of systematic review. The authors per-
formed the manual search for original studies in 
relevant journals (International Journal of Epide-
miology, The Journal of Clinical Epidemiology, 
Journal of Hospital Infection, Antimicrobial Re-
sistance and Infection Control).

Study selection

The first two authors independently identified 
and screened the articles against the inclusion 
and exclusion criteria. The content analysis was 
conducted on articles that met inclusion criteria. 
The authors discussed the results, and, in case of 
disagreement, the opinion of a third author was 
considered for the final decision.

Data extraction and analysis

Secondary synthesis involved abstraction of data 
and appraisal of their quality. Second author 
extracted data from each full-text article using 
data extraction forms. Extracted data focused on: 
study characteristics (region, intervention, desi-
gn, hospital type description), patient outcomes 
(C. difficile infection, mortality, duration of hos-
pitalization, morbidity, adverse effects), microbi-
al outcomes (resistance), prescribing outcomes 
(use, selection, duration), and costs. The first, 
third or fourth author checked if extracted data 
fitting the descriptions of the outcomes. The qu-
ality of the studies being reported was assessed 
using the Best Evidence Medical Education 
(BEME) Collaboration Guide (14). The first three 
authors independently scored on a BEME scale 
of 1–5 for the strength of the findings as follows: 
Grade 1: No clear conclusions can be drawn; not 
significant; Grade 2: Results ambiguous, but the-
re appears to be a trend; Grade 3: Conclusions 
can probably be based on the results; Grade 4: 
Results are clear and very likely to be true; Grade 
5: Results are unequivocal.
The authors sought external comments from 
other experts in ASPs (SS and DBL) on their ide-
as and work, who also conducted BEME grading 
process and scrutiny of final reports. 
Meta-analysis was not possible due to the he-
terogeneity of measured outcomes, methods, 
instruments, quality of methodology and stati-
stical analysis of included studies. Analysis and 
synthesis of results were provided using narrative 
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synthesis (15). For each study, description, study 
design, sample, outcomes and statistical test and 
results were reported.

RESULTS

The initial database and manual search identifi-
ed 857 articles. Following de-duplication, 719 
articles were excluded. After the screening of 
titles and abstracts, additional 47 articles were 
excluded.  Ninety-one articles were retrieved 
for full-text review. Systematic reviews, studies 
with poorly defined outcomes and interventions 
(grade 1 and 2) were further removed. Twenty-
four studies were selected for data extraction and 
analysis (Figure 2).

ded all hospital wards in eighteen studies.
Eight studies investigated the impact of only 
one intervention, respectively, two examined the 
application of restrictive interventions (32, 38) 
and four studies of the persuasive intervention 
(17-19, 25,27,28,34,37). Sixteen studies analysed 
the effects of the implementation of combined 
programs, of which nine studies referred to a 
combination of restrictive and persuasive inter-
ventions (20-22, 29,30,31,33,35,36). One study 
included all three interventions (23).

Aims of intervention

In three studies (12.5%), the aim was to analy-
se the impact of the intervention on C. difficile 
infection incidence (21,32,38). In addition to 
CDI incidence analysis, eighteen studies (75%) 
evaluated antibiotics administration, and eight 
studies (33.3%) the impact of the interventi-
ons on financial aspects, mainly hospital costs 
associated with the use of antibiotics (9, 17-19, 
22,24,27,37). Four studies addressed the evalua-
tion of secondary outcomes (9,22,28,37). Seven 
studies analysed the effect of intervention on the 
incidence of several hospital infections caused by 
multi-resistant agents (9,23,26,28,30,34,39).

Primary (patient) outcomes

Incidence of CDAD decreased in 15 of the 24 
extracted studies (62.5%) (9,18,21, 23-25, 28-
33, 36-38). Both of the studies implementing 
restrictive interventions solemnly, recorded a 
CDAD incidence reduction (32,38), while 50% 
of the studies using persuasive intervention 
(18,25,28,37) detected the same impact. Imple-
mentation of combined interventions has yielded 
heterogeneous results (21,29,31,33,36).
No differences were reported for readmission 
and mortality rate (26-28, 34,37). In one study, 
length of hospitalization was reduced (26).

Secondary outcomes

ASPs decreased the use of targeted antibiotics 
in 17 studies and overall antimicrobial use in 4 
studies (22.2%). Majority of the studies included 
the administration of high-risk antibiotics such as 
the second and third generation of cephalosporin, 
fluoroquinolones, and clindamycin. Eight studies 
reported cost outcomes with seven founding de-
creased drug costs (9, 17-19, 22,27,37).

Figure 2. Flow diagram of articles selection process

Study characteristics

Majority of the studies (54%) were published in the 
USA (9, 17-24) and Canada (25-28). Five studies 
were carried out in the UK (29-33), one in Sweden 
(34), one in Germany (35), one in Austria (36) and 
one in Spain (37). The remaining two (8.5%) were 
conducted in Mexico (38) and Taiwan (39).
Eleven studies (45.8 %) were interrupted time 
series, and the same number of the studies also 
had the pre-post design. Due to the lack of ran-
domization, these studies were more susceptible 
to bias and a lower degree of quality compared 
to the randomized experimental design. High-qu-
ality quasi-experimental design (controlled) had 
three studies (17,20,28). Only two studies (8.3%) 
were randomized controlled (26,37).
All quasi-experimental studies without the con-
trol group were grade 3, and randomized con-
trol grade 4.

Type of interventions

In twenty studies (80%), the impact of interven-
tion implementation was only investigated in one 
hospital, while 20% of the studies were conduc-
ted in multiple hospital settings. Authors inclu-
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Following implementation of ASPs, several stu-
dies recorded decreased rates of selected anti-
microbial-resistant bacteria.
Statistically significant reduction in the incidence 
of MRSA-induced infections was observed in 4 
of 6 studies (66.7%) (9,23,30,39).

DISCUSION

Summary of main findings and comparison with 
previous reviews 

This systematic review found low-level evidence 
that ASPs may be associated with the reduction 
in the incidence of C. difficile infection. None 
of the reviewed studies achieved grade 5 of the 
BEME’s strength of findings nor directly com-
paredone intervention with another. The results 
included in the report corroborate previously pu-
blished systematic reviews (10,11). 
A statistically significant decline in CDAD inci-
dence was observed in all studies using solemnly 
restrictive interventions and several studies com-
bining restrictive with persuasive or structural in-
terventions. Majority of studies evaluated an effect 
on prescribing, microbial resistance or hospital 
cost rather than an impact on the mortality and cli-
nical outcomes. Rationalization of antibiotic pres-
cribing was not accompanied by increased morta-
lity, duration of hospitalization, CDAD outbreaks 
and hospital costs. The data on specific elements, 
sustainability and scalability are lacking. 
Evidence on the effects of ASPs is principally 
limited to the results of quasi-experimental stu-
dies. This study design is used to compare the 
effectiveness of alternative interventions and 
aims to analyse causal relationship between the 
intervention applied and the possible outcomes 
in situations when randomization cannot be per-
formed (40). Due to the non-randomized distri-
bution of the respondents in the groups and une-
ven distribution of outcome variables, the risk 
of interpretation bias and number of hypotheses 
observing causality increase. Inadequate control 
of confounding variables could be partially over-
come by multivariate regression, while the only 
efficient way of controlling nonresponsive varia-
bles remains to apply randomization (40). The 
risk of bias could be minimized by a good design 
of quasi-experimental research involving control 
group and time series with multiplicity measure-

ments in the non-intervention and intervention 
period (41).
The rigor of research on the ASPs has been pre-
viously reported as weak, especially in regard 
to limited quality of studies and heterogeneity 
of outcomes, interventions and units in which 
CDAD incidence data were reported. Current re-
search shows that quality of studies is still weak 
even though research instruments and strategies 
have been growing rapidly in the past decade. 
Antimicrobial stewardship interventions are seen 
as opportunities to reflect on prescribing patterns, 
to decrease uncertainty, conduct audit and facili-
tate patient-oriented care (42,43).
Despite aforementioned methodological pro-
blems and differences in the design of the re-
viewed studies, the overall consistency of fin-
dings supports the hypothesis that antimicrobial 
stewardship programs could have the positive 
impact on the prevention of nosocomial C. diffi-
cile infection outbreaks.

Strengths and limitation

This systematic review was conducted following 
PRISMA guidelines and integrated the major 
databases for epidemiological research. The se-
arch strategy included only the English langua-
ge, so we possibly missed some relevant articles 
in other languages. The inclusion of the articles 
was largely based on publication in electronic 
journals and important printed articles may be 
omitted. It was not possible to carry out meta-
analysis as study designs, tools, outcomes asse-
ssed, and the nature of reported results was diver-
se. Uncharacterized or unreported characteristics 
of the study setting might have influenced inter-
ventions effectiveness and generalized applicabi-
lity of findings. 

Implication for practice and research

Antimicrobial treatment is continuously develo-
ping; newer antibiotics are marketing (43). An-
tibiotic resistance is increasing and becoming a 
major public health crisis. The single strategy co-
uld not have resolved the problem because resi-
stance has the multifactorial background (44). In-
tegrating ASP into patient safety procedures will 
help bring new support and useful actions, while 
research on its implementation and outcomes will 
provide a roadmap for hospitals management and 
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total antibiotic use and patient-centred outcomes.
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ABSTRACT

Aim To evaluate the antimicrobial activity of 0.2% polyhexamet-
hilene biguanide (PHMB) in root canal models infected with En-
terococcus faecalis, Candida albicans and Staphylococcus epider-
midis. PHMB was compared in these tests with 2.5% NaOCl and 
0.2% CHX. 

Methods Prepared models of  50 human root canals (n=50) were 
immerged in mixed, four- weeks old culture that consisted  of E 
.faecalis, S. epidermidis and C. albicans. Roots  were randomly 
divided into three groups: one with 30 (n=30) and  two with 10 
(n=10) samples. Samples were treated with polyhexamethylene 
biguanide (PHMB) (0.2%), sodium hypochlorite (NaOCl) (2.5%) 
and chlorhexidine (CHX) (0.2%), respectively. Root dentin was 
sampled before and after the tretment with these solutions. Co-
lony- forming units (CFU) were counted to asses the antimicrobial 
effects of three solutions on viability of selected microrganisms 
in specimens before and after the treatment.T-test was used for 
comparison of results between specimens before and after the tre-
atment, while Newman-Keuls test was used for pairwise compa-
rison at p=0.05.

Results The PHMB was significantly more efficient in reducing 
the number of all three tested microorganisms. NaOCl and CHX 
made only statistically significant (p<0.05) difference in case of E. 
faecalis and S. epidermidis. In the case of C. albicans, this diffe-
rence was not statistically significant due to the small number of 
positive samples and high initial dispersion of results.

Conclusion Both solutions PHMB and NaOCl  were successful in 
eliminating E. faecalis and S. epidermidis from the mature dentin 
biofilm, CHX was not successful enough.

Key words: antimicrobial agents, root canal irrigants, root canal 
preparation
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INTRODUCTION

Bacteria (with their by-products) are predo-
minant microorganisms found in infected root 
canals being organized in a microbial biofilm, 
which adheres to dentinal walls. Bacteria are 
also primary aetiological factors of pulp and 
periapical diseases. While some products of the 
bacterium may be directly linked to the dama-
ge of the periradicular tissues, a large part of 
the tissue damage is probably mediated by the 
host response to the bacterium and its products 
(1). Most of these microorganisms and the-
ir products are successfully eliminated during 
chemo-mechanical preparation of the root ca-
nal, which includes simultaneous use of various 
instrumentation techniques and antimicrobial 
irrigants (1). However, none of the root canal 
preparation protocols devised so far allows for 
complete root canal debridement (2).
Biofilm models have been studied in order to 
reproduce a polymicrobial infection in vitro 
(3). According to Thurlow et al.(4) a three-
week old biofilm is considered to be a mature 
biofilm. Enterococcus faecalis, a Gram-positive 
anaerobic facultative coccus has been reported 
as one of the most frequently isolated micro-
organisms from the root canals at the time of 
retreatment (5). It is known to penetrate deeply 
into dentinal tubules (250- 400 μm) (6), binding 
to collagen and hydroxyapatite (7), which ma-
kes its complete elimination difficult. Because 
of these properties, Enterococcus faecalis has 
been adopted as a model test organism in many 
endodontic studies (8). Candida albicans yeast 
is larger than bacteria and can colonize dentinal 
tubules to depths approximately 150 μm (9) and 
has the ability to form biofilms even in nutrient-
deprived conditions such as those in clean and 
filled root canals (10). It is the most frequently 
found fungal species in endodontically treated 
teeth with periradicular lesions (11). Staphylo-
coccus epidermidis, a Gram-positive anaero-
bic facultative coccus, can form approximately 
160 μm thick biofilm, which is resistant to an-
tibiotics and antiseptics (12). Also an infection 
with S. epidermidis is followed with persistent 
symptoms in spite of using various intracanal 
antimicrobial agents and systemic antibiotic 
therapy (13).Until recently, it was thought to be 

a contamination from the skin, but Niazi et al. 
(14) showed presence of S. epidermidis in en-
dodontic infections and connected it with failed 
endodontic treatments. Guimaraes et al.(15) in 
their research reported that Streptococcus spp. 
was the most isolated bacteria, followed by 
Staphylococcus spp.
Currently, sodium hypochlorite (NaOCl) is the 
most commonly used endodontic irrigant. Stu-
dies have demonstrated that 40- 60% of the root 
canals still have detectable levels of cultivable 
bacteria after chemo-mechanical procedures 
using NaOCl as the irrigant (16). Polyhexa-
methylene biguanide (PHMB) is a biocide of 
bisbiguanide family with a broad spectrum of 
use as disinfectant for surfaces, objects and  in-
struments. It is also used in wound treatments 
(17), promoting wound healing (18), in mou-
thwash formulations (19) and in soft lenses care 
solutions (20). It is effective against Gram-po-
sitive (S. epidermidis, S. aureus, E. faecalis) 
and Gram-negative (E. coli) bacteria (21). On 
the other hand, chlorhexidine (CHX) has been 
well investigated as an endodontic irrigant for 
eradicating resistant bacterial strains (22), but 
it also showed good results as an antimicro-
bial agent against Streptococcus spp. (23) and 
has a good substantivity (24). However, CHX 
does have some adverse effects. It interacts with 
residual sodium hypochlorite in the root canal 
system resulting in a dark brown precipitate of 
parachloroaniline, which can change the tooth 
colour (25). Antimicrobial activity, ability to 
dissolve remnants of pulp tissue, lubrication 
during mechanical instrumentation, availability, 
and low cost are the fundamental requirements 
for root canal irrigants (26).
Since neither solution is ideal for root canal irri-
gation there is still need for the investigation of 
new irrigation solutions and techniques. There-
fore, the aim of this study was to evaluate the 
antimicrobial activity of 0.2% PHMB in root ca-
nal models infected with E. faecalis, C. albicans 
and S. epidermidis in mixed, four- week old cul-
ture and compare it with antimicrobial activity 
of 2.5 % NaOCl and 0.2% CHX. 
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MATERIALS AND METHODS

Study design and materials

The study was performed during June and July 
2015 at the Department of Clinical Microbio-
logy, University Hospital for Infectious Dise-
ases “Dr.Fran Mihaljevic” in  Zagreb, Croatia. 
The aim of study was to evaluate the antimicro-
bial activity of 0.2% polyhexamethilene bigua-
nide (PHMB) in root canal models infected with 
Enterococcus faecalis, Candida albicans and 
Staphylococcus epidermidis. The PHMB was 
compared in these tests with 2.5% sodium hy-
pochlorite and 0.2% chlorhexidine. Specimens 
were extracted from human, single rooted teeth 
and they were divided in three groups according 
to irrigation solution used: 0.2% PHMB, 2.5% 
NaOCl, and 0.2% CHX.
The study was approved by the institutional Et-
hics Committee of the School of Dental Medici-
ne, University of Zagreb.

Methods

Specimen preparation. In total, 50 human, sin-
gle root, caries-free teeth without endodontic 
treatment, extracted for orthodontic or perio-
dontal reasons were selected. Teeth were kept 
in 1% Chloramine (Pharmaceutical, Zagreb, 
Croatia) after the extraction. Curettages of root 
surfaces were performed and teeth were kept 
overnight in 0.5% NaOCl for disinfection. The 
crowns were cut off 1 mm from cement- ena-
mel junction (CEJ) apically with 0.2 mm- thick 
diamond discs (Komet, Handelsagentur GmbH, 
Salzburg, Austria) and root shortened apically 
to standardize the root length to 10 mm. Each 
root canal was enlarged to size 40 with Hed-
ström files (Dentsply Maillefer, Germany) whi-
le irrigating with 2.5% NaOCl. When the size 
40 Hedström file fitted in the root canal (once 
the instrumentations of root canals were done), 
smear layer was removed using 17% EDTA 
(Ethylen Diamin Tetra-Acetat) for five minutes. 
The cement was also removed from the teeth 
and they were sterilized in autoclave for 20 min 
at 121°C. The outer root surface was coated 
with nail varnish and dried.
Microorganism inoculum preparation. The 
inoculum was prepared from E. faecalis strain 

(ATCC 29212), S. epidermidis (WHO 36) and C. 
albicans (ATCC 90028). Microorganisms were 
inoculated into tryptic soy broth (TSB) (Difco 
Labs, Detroit, MI, USA) and cultured under aero-
bic conditions at 37 ˚C for 24 h. The density was 
calibrated until turbidity reached 5-9x108 colony-
forming units (CFU) per mL.
Specimen contamination and root dentine 
samples. Each specimen was immerged in tubes 
which contained 2 mL of broth and incubated in 
aerobic conditions at 37°C for 28 days. The cul-
ture medium was renewed every seven days ac-
cording to the comparison results with control 
batch. In total 50 specimens were divided in three 
groups according to irrigation solution used: 0.2% 
PHMB, 2.5% NaOCl, and 0.2% CHX, one group 
with 30 specimens (n=30) and two groups with 
10 specimens (n=10). After the incubation period, 
each specimen was irrigated with sterile saline (10 
mL), dried with sterile paper point’s size 35 (Dia-
Dent, Burnaby, Canada), which were controlled 
for sterility. Using Hedström files size 45 by turn-
ing them 3 times clockwise fine dentin chips were 
collected and transferred into the microtubes with 
saline by placing  Hedströmes into the microtubes. 
Aggregates were broken by ultrasound treatment. 
This represented specimens “A”, or specimens 
before the treatment with antimicrobial solutions, 
which served as negative control. Subsequently, 
the first group (n=30) was treated with 10 mL of 
0.2% PHMB (2 mL every two minutes) and then 
with 2 mL of neutralizer Tween 80 (Croda Health 
Care, Yorkshire, England, UK), dried with paper 
points and again using Hedstrom files size 45 in 
the same way as at specimens “A” fine dentin 
chips were collected and transferred in microtubes 
with saline. This represented specimens “B”, spec-
imens after the treatment with antimicrobial solu-
tions. The second group (n=10) was treated with 
10 mL of 2.5% NaOCl after which Tween 80 was 
used. The procedure was the same as for the first 
group of specimens. The third group (n=10) was 
treated with 10 mL of 0.2% CHX followed by ir-
rigation with the same neutralizer and treated as 
described previously.
Microbiological analysis. 10-fold serial diluti-
ons were performed from the microtubes with 
saline and dentin chips. To quantify the micro-
bial growth, 0.1 mL aliquots were mounted on 
selective plates; Gelose D- Cocosel agar (bio-
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Merieux, France), Mannitol Salt (MS) agar 
(Oxoid, UK) and Sabourand Chloramphenicol 
(SAB) agar (Bio- Rad, France) in triplicate. The 
plates were incubated at 37 ˚C for 48 h. CFU co-
unts were then performed and log transforming 
of the CFU values was performed.

Statistical analysis

Data were statistically analysed using T-test for 
comparison between specimens “A” an “B” and 
Newman-Keuls test for pairwise comparisons. A 
p≤0.05 was considered as statistically significant. 

RESULTS

In the post-treatment dentin chips samples there 
was evident decrease in the number of microor-

ganisms (more than 50 times) for each of investi-
gated microorganisms and solutions (Figure 1).
The PHMB showed statistically significant 
(p<0.05) difference in the reduction of all inve-
stigated microorganisms (C. albicans p= 0.006, 
S. epidermidis p= 0.000 and E. faecalis p= 
0.000). NaOCl and CHX also showed a reduc-
tion of the number of microorganisms between 
pre-treatment and post-treatment samples with 
E. faecalis (NaOCl  p= 0.010, CHX  p= 0.001) 
and S. epidermidis (NaOCl p= 0.010, CHX p= 
0.001). In the case of C. albicans, the number of 
colonies before and after treatment with NaOCl 
and PHMB was not statistically significant due 
to a small number of positive samples and high 
initial dispersion of results (NaOCl p= 0.155, 
CHX p= 0.108) (Figure 1). 
Since data on the number of colonies of micro-
organisms before the treatment was signifi-
cantly different (Figure 1), the efficiency of 
microorganism removal was used to compare 
the antimicrobial activity of investigated anti-
microbial solutions, rather than the number of 
colonies after the treatment. In the case of S. 
epidermidis and E. faecalis, PHMB and NaOCl 
showed almost the same efficiency, while CHX 
was less efficient, especially in the case of E. 
faecalis. Antimicrobial activity of all investiga-
ted antimicrobial solutions was the same for C. 
albicans (Figure 2).

Figure 1. Mean value and standard deviation of the number of 
colony forming units per mililiter (CFU/mL) before and after 
the treatment with chlorhexidine (CHX), sodium hypochlorite 
(NaOCl) and polyhexamethylene biguanide (PHMB) antimicro-
bial solutions (statistically significant difference in the number 
of CFU/mL before and after the treatment in all three tested 
solutions)

Figure 2. Efficiency (Mean value) of antimicrobial activity (%) 
for three different antimicrobial solutions and three microor-
ganisms

A statistically significant difference (p<0.05) 
between investigated antimicrobial solutions for 
Enterococcus faecalis (p=0.001) but not for S. epi-
dermidis (p=0.096) was found. For C. albicansit 
it was not possible to calculate the significance of 
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difference. Newman-Keulstest (Table 1) confir-
med that there was significant difference between 
the antimicrobial effectiveness of CHX and Na-
OCl (p=0.001) and CHX and PHMB (p=0.001).

DISCUSSION

Data from this ex vivo study demonstrated the 
effectiveness of PHMB and NaOCl against E. 
faecalis, S. epidermidis and C. albicans in con-
trast to CHX.
There are numerous ex vivo studies on E. faecalis 
as a monospecies (5-8), but few of them are per-
formed on mature, 4-week old biofilm consisting 
of bacteria E. faecalis and S. epidermidis and 
yeast C. albicans. The choice for microorganisms 
used in this study was based on microorganisms’ 
level of virulence, resistance to antimicrobial 
agents and their prevalence in root canals after 
failed endodontic treatments. According to re-
sults obtained from de Lucenaet al. (27), 28 days 
is more than enough time for E. faecalis to pen-
etrate 300 μm deep into the dentin. Also Haapas-
alo et al. (7) showed on in vitro model that after 
three weeks of incubation of E. faecalis a heavy 
infection was found 400 μm from the canal lu-
men, and the front of the infection reached 1000 
μm in some blocks.
The culture method (CFU/mL) was chosen as a 
method for counting colonies after 4-week period of 
incubation and also  the treatment with antimicro-
bial solutions. This method is sensitive enough to 
allow for exclusive detection of surviving microor-
ganisms that are capable of dividing under favoura-
ble conditions (28). Furthermore, it was shown that 
this method and the quantitative real-time polyme-
rase chain reaction (qPCR) can be reliably used for 
studies on antibacterial effectiveness (29).
Antimicrobial activity always presents a time de-
pendent effect, especially in the case of NaOCl 
and CHX. Zandet al. (30) and Dumaniet al. (31) 
showed that even 1% NaOCl remains an effective 
agent for eliminating E. faecalis and C. albicans 
after one-minute treatment. Also, there are studi-

es that support the notion that manual-dynamic 
irrigation is more effective than static irrigation 
and that the type of irrigation (dynamic/static) si-
gnificantly influences the outcome of endodontic 
treatment (32,33).
Fine dentin chips were obtained from all speci-
mens before (sample “A”) and after (sample “B”) 
the treatment so we could compare the effective-
ness of three antimicrobial solutions. 
That kind of collection samples (using Hedström 
files for collecting dentin chips) is limited to the 
main canal but according to Peters et al. (34) in 
layers closer to the pulp higher numbers of anaer-
obic bacteria and gram-positive rods were found, 
as well as a larger number of bacterial species.
The PHMB as a potent antimicrobial solution 
effective against Gram-positive and Gram-negati-
ve bacteria (35), yeasts (36) and viruses showed 
excellent results in eliminating E.faecalis. Altho-
ugh E. faecalis is well-known as a resistant en-
dodontic bacterium with capability of surviving 
under harsh conditions (37-39), the number of its 
colonies was reduced after irrigation with 0.2% 
PHMB from 103 and 104 CFU/mL to 0 CFU/mL, 
respectively, which made the specimens sterile. 
Our study showed that 2.5% NaOCl showed simi-
lar results on E. faecalis, unlike the observations 
of Portenier et al. (40) and Liu et al. (28) showing 
that NaOCl was not efficient enough to eliminate 
E. faecalis. Kayaoglu et al. (41) and Chivatxaranu-
kul et al.(42) suggested that E. faecalis resistance 
to NaOCl might be due to its binding affinity for 
collagen fibres and hydroxyapatite. 0.2% CHX 
was the least efficient antimicrobial solution in 
eliminating E. faecalis, which is in contrast with 
results of Oncag et al. (43) and Vianna et al. (44). 
In their studies, 0.2% CHX was able to eliminate 
E. faecalis within one minute of contact.
In case of S. epidermidis, both 0.2% PHMB and 
2.5% NaOCl solutions were successful in elimi-
nating this microorganism. Those results are in 
accordance with findings of Pappen et al. (45). 
These authors find that even 0.03% NaOCl was 

Staphylococcus epidermidis Enterococcus faecalis Candida albicans
CHX NaOCl PHMB CHX NaOCl PHMB CHX NaOCl PHMB

CHX NS NS 0.001 0.001 NS NS
NaOCl NS 0.001 NS NS NS
PHMB NS NS NS 0.001 NS NS NS

Table 1. The effectiveness of interaction between the three applied antimicrobial solutions (Newman-Keuls test)

PHMB, polyhexamethylene biguanide; NaOCl, sodium hypochlorite; CHX, chlorhexidine; NS, non-significant
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ABSTRACT 

Aim To determine antimicrobial activity of honey against clinical 
bacterial strains and their respective reference strains. 

Methods Twelve samples of Croatian honey from various bota-
nical origin were evaluated for their antimicrobial activity against 
four clinical antibiotic resistant pathogens and their respective re-
ference strains: Staphylococcus aureus, Acinetobacter baumannii, 
Pseudomonas aeruginosa and Escherichia coli. Antibacterial 
susceptibility was checked out by using broth microdilution met-
hod and interpreted according to the European Committee for An-
timicrobial Susceptibility Testing (EUCAST) recommendations. 

Results Significant differences in the antibacterial activity of te-
sted honey samples were noticed. Fir honeydew honey and Mint 
honey showed the best antibacterial potential, while the Locust 
tree honey, Rapeseed honey and Spring pasture honey expressed 
the weakest antimicrobial activity. 

Conclusion Croatian honey, prominently honeydew honey, has 
the potential to become an important additive to therapeutic tech-
niques available to a medical practitioner against resistant patho-
gens, but the exact mechanisms of its activity should be investi-
gated further.

Key words: antimicrobial activity, honeydew, pathogens, therapy

Antibacterial potential of Croatian honey against antibiotic 
resistant pathogenic bacteria
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INTRODUCTION

For a thousand of years honey has been used for 
the treatment of wounds. However, broader appli-
cation in medicine is limited due to the lack of sci-
entific support. Nowadays, the bacterial resistance 
to antimicrobial agents and numerous kinds of an-
tibiotics, including the major resort drugs, is incre-
asing worldwide (1-3). Therefore, alternative an-
timicrobial strategies are urgently needed and the 
potent activity of honey against antibiotic resistant  
bacteria resulted in renewed interest for its appli-
cation (4-6). An additional advantage of topical 
use of honey as an antimicrobial agent is the fact 
that bacterial resistance to honey has not yet been 
described. The reason lies in the fact that honey 
inhibits bacteria using several mechanisms at the 
same time, which prevents them from developing 
resistance (7,8). Antibacterial activity of different 
honey is mainly due to hydrogen peroxide produc-
tion, as well as the presence of various phytoche-
micals. In addition, honey is hygroscopic, which 
means that it can dehydrate bacteria, and its high 
sugar content and low pH level can also prevent 
the microbes from growth (7-9). In addition, un-
known floral or bee components contribute to an-
tibacterial activity (8-10).  There are many types 
of honey that originate from different geographic 
areas and are made from different floral sources. 
Studies have shown that honey with these marked 
differences can have different antimicrobial acti-
vities and mechanisms of action (7,11). In addi-
tion, the antibacterial potency of diverse, locally 
produced honey is not possible to predict. Some 
studies showed that even honey collected from a 
single location can have significant batch-to-batch 
variation in antibacterial activity (10). The unpre-
dictable antibacterial activity of such unstandardi-
sed honey preparations hampers its introduction as 
an antimicrobial agent (6). 
Croatia has a large floral biodiversity and 
honey produced from these plants has been sold 
commercially in Croatia and in EU countries. 
However, data on antibacterial activity of diffe-
rent types of honey produced in Croatia are very 
scarce. Therefore, the aim of this study was to 
investigate the antibacterial activity of dome-
stic honey from different floral origin, as well as 
honeydew honey, a bee product obtained from 
excretion of plant sucking insects, on selected 
pathogen bacteria.

MATERIAL AND METHODS

Honey samples, bacteria and study design

Twelve honey samples (HS) from different plant 
origin were obtained during the year 2014 (Table 
1) and its antimicrobial activity was tested using 
bacterial strains originated from the collection of 
the Department of Microbiology and Parasito-
logy, Faculty of Medicine, University of Rijeka, 
Croatia. Honey samples originated from different 
geographic areas in the Western part of Croatia: 
Sage honey, Maple honeydew, Fir honeydew, 
Chestnut honey, 
Locust tree honey, Lime tree honey, Indigo bush 
honey, Rapeseed honey, Maple honey, Mint honey, 
Spring pasture honey and Autumn pasture honey. 

Honey samples Number of 
samples Type

Sage honey (Salvia officinalis L.) 1, 2 monofloral
Maple honeydew (Acer spp.) 1 honeydew
Fir honeydew (Abies alba Mill) 1, 2 honeydew
Chestnut honey (Castanea sativa Mill) 1 monofloral
Locust tree honey (Robinia pseudoacacia L.) 1 monofloral
Lime treehoney (Tilia spp.) 1 monofloral
Indigo bush honey (Amorfa fruticosa L.) 1 monofloral
Rapeseed honey (Brassica napus L.) 1 monofloral
Maple honey (Acer spp.) 1 monofloral
Mint honey (Mentha spp.) 1 monofloral
Spring pasture honey 1 polifloral
Autumn pasture honey 1 polifloral

Table 1. The origin of tested honey samples

Methods

No mechanical treatment or heat was used in sam-
ple preparations. The HS was stored at +4 °C in 
hermetically closed glass bottles until used. The 
sediments of the HS were analysed according to 
the method recommended by the International 
Commission for Bee Botany of International Uni-
on of Biological Sciences (12). The antibacterial 
activity of tested HS was investigated using the 
reference bacterial strains: Staphylococcus aure-
us ATCC 25923, Acinetobacter baumannii ATCC 
BAA–1605 (multidrug resistant), A. baumannii 
ATCC 19606 (drug sensitive), Pseudomonas 
aeruginosa ATCC 27853, and Escherichia coli 
ATCC 25922 as well as several clinical bacteri-
al isolates such as methicillin-resistant S. aureus 
(MRSA), P. aeruginosa (multidrug resistant) and 
extended spectrum beta-lactamase (ESBL) - po-
sitive E. coli. The bacteria were stored at -80 °C 
in glycerol broth (10% glycerol) (Biolife, Italy). 
For the experiments, bacteria were thawed at room 
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temperature, resuspended in Mueller-Hinton broth 
(MHB) (Difco, MD, USA) for 24 h at 37 °C and 
120 rpm (Unimax 1010, Heidolph, Germany). 
Minimal inhibitory concentrations (MICs) and 
minimal bactericidal concentrations (MBCs) 
were determined using a broth dilution met-
hod, and interpreted according to the European 
Committee for Antimicrobial Susceptibility Te-
sting (EUCAST) recommendations (13). Initial 
inoculum for all experiments was approximately 
1.0×106 CFU/mL as determined by the turbidity 
of the bacterial suspension and confirmed re-
trospectively by plating the inoculum on Mu-
eller-Hinton agar (MHA) (Difco, MD, USA) for 
24 h at 37 °C. Further, twofold serial dilutions 
in MHB were prepared from a stock solution of 
each honey sample to get final concentrations 
ranging from 0.025 to 0.8 g/mL. The MIC was 
defined as the lowest concentration of a honey 
that produced no visible bacterial growth in the 
test tube when compared with the control. Mi-
nimal bactericidal concentration (MBC) was de-
termined by transferring the broths used for MIC 
determination on the MHA. The broth with the 
lowest concentration of the tested honey that did 
not produce growth of the tested organism was 
considered MBC. Meropenem (Sigma, St Lou-
is, MO, USA) was used as a positive control for 
growth inhibition when gram negative bacteria 

were used in the experiments, and vancomycin 
(Sigma, St Louis, MO, USA) when gram posi-
tive bacteria were used. The final antibiotic con-
centrations used in the assays as a control ran-
ged between 0.00004 and 0.128 mg/mL for both 
antibiotics. For the interpretation of these results 
EUCAST recommendations were followed (13). 

Statistical analysis

The differences between the tested honey sam-
ples with a respect to MICs and MBCs were sta-
tistically tested using Kruskal-Wallis test. The 
p<0.05 level of significance was applied.

RESULTS

The results of the antibacterial activity assay, 
performed with selected HS showed significant 
differences in MIC and MBC values when re-
ference bacterial and antibiotic resistant strains 
were tested (Table 2 and 3). Analyzing MICs, 
the strongest antibacterial potential showed 
Fir honeydew honey 2 (MIC=0.11 g/mL), Fir 
honeydew honey 1 (MIC=0.12 g/mL) and Mint 
honey (MIC=0.13 g/mL) in a case of both refe-
rence and antibiotic resistant bacterial strains. 
On the contrary, the weakest overall antibacte-
rial activity was showed by Locust tree honey 
(MIC=0.28 g/mL), Rapeseed honey (MIC=0.32 
g/mL) and Spring pasture honey (MIC=0.40 g/

Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of bacterial strain ( g/mL)*

S. aureus
ATCC 25923

P. aeruginosa
ATCC 27853

E. coli
ATCC 25922

A. baumannii
ATCC BAA-1605

A. baumannii
ATCC 19606

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Honey samples
Sage honey 1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
Sage honey 2 0.1 0.1 0.2 0.4 0.2 0.2 0.2 0.2 0.2 0.2
Maple honeydew 0.05 0.05 0.2 0.4 0.4 >0.4 0.1 0.2 0.1 0.1
Fir honeydew 1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Fir honeydew 2 0.05 0.05 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Chestnut honey 0.1 0.1 0.2 0.4 0.2 >0.4 0.2 0.4 0.1 0.1
Locust tree honey 0.2 >0.4 0.4 >0.4 0.4 >0.4 0.2 0.4 0.2 0.4
Lime tree honey 0.2 0.2 0.4 0.4 0.4 >0.4 0.1 0.2 0.2 0.2
Indigo bush honey 0.05 0.2 0.2 0.2 0.4 0.4 0.1 0.1 0.1 0.1
Rapeseed honey 0.4 >0.4 0.4 0.4 0.4 >0.4 0.2 0.4 0.2 0.4
Maple honey 0.2 >0.4 0.2 0.4 0.2 >0.4 0.1 0.1 0.1 0.1
Mint honey 0.1 0.1 0.2 0.2 0.2 0.4 0.05 0.1 0.1 0.1
Spring pasture 
honey 0.4 >0.4 0.4 >0.4 0.4 >0.4 0.4 0.4 0.4 0.4

Autumn pasture 
honey 0.05 0.05 0.4 0.4 0.2 0.2 0.05 0.1 0.1 0.1

Drugs for positive control for growth inhibition
Vancomycin 0.000001 0.000001 NT NT NT NT NT NT NT NT
Meropenem NT NT 0.000000064 0.000000064 0.000000006 0.000000006 >0.000032 >0.000032 0.000000250.00000025

Table 2. Antibacterial activity of tested honey samples on referent bacterial strains

*MIC, concentration required for 99% bacteriostatic effect; MBC, concentration required for 99% of bacterial killing effect; NT, not tested

Gobin et al. Antibacterial potential of Croatian honey
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mL). For S. aureus MIC values ranged from 0.05 
g/mL (Fir honeydew honey, Maple honeydew 
honey and Autumn pasture honey) to 0.4 g/mL 
(Rapeseed honey and Spring pasture honey), and 
this bacterium was the most susceptible to all te-
sted honey samples. From all gram negative bac-
teria, antibiotic sensitive strain of A. baumannii 
was the most sensitive strain with MIC values 
ranged from 0.1 g/mL to 0.4 g/mL. Suprisingly, 
multidrug resistant A. baumannii strain was also 
sensitive to all tested honey samples with MIC 
values ranged from 0.05 g/mL (Autumn pastu-
re honey and Mint honey) to 0.4 g/mL (Spring 
pasture honey). When comparing sensitivity to 
honey of antibiotic sensitive and resistant strains 
of tested bacterial species no statistically signifi-
cant differences have been proven.
Analyzing bactericidal concentration of honey 
samples to all tested bacteria strains, the best re-
sults showed Fir honeydew honey 2 (MBC=0.13 
g/mL), Fir honeydew honey 1 (MBC=0.14 g/
mL) and Sage honey 1 (MBC=0.16 g/mL). The-
re were no significant differences in sensitivity 
to tested honey samples among antibiotic resi-
stant and sensitive bacterial strains. Again, the 
highest MBCs were determined for Rapeseed 
honey (MBC=0.56 g/mL), Locust tree honey 
(MBC=0.64 g/mL) and Spring pasture honey 
(MBC=0.64 g/mL) regarding the bacterial sensi-

tivity to antibiotic. S. aureus and A. baumannii 
regardless of sensitivity to antibiotics, were 
the most sensitive to all HSs, especially to Fir 
honeydew and Mint honey with MICs ranging 
from 0.05 g/mL – 0.1 g/mL, and MBCs ranging 
from 0.05 g/mL – 0.1 g/mL, respectively. 

DISCUSSION

There are several studies in which dark honey 
from the conifer forests of the mountainous regi-
ons of central Europe has been found to have par-
ticularly high antimicrobial activity (8,9,14,15). 
This honey is not from the nectar source, but 
from honeydew, produced by aphids sucking the 
sop from the leaves of the trees (14,15). This co-
incides with our results which showed that two 
samples of honeydew (Fir honeydew 1 and Fir 
honeydew 2) possess the best antibacterial acti-
vity according to the MIC as well as MBC va-
lues shown. Antibiotic resistant pathogens like 
MRSA, Pseudomonas aeruginosa, Klebsiella 
pneumoniae and Enterococcus faecalis are major 
causes of severe infections in hospitalized pati-
ents leading to longer hospital stays and higher 
mortality rates worldwide (2).
A good example of antibiotic resistant bacterium 
is A. baumannii, which is an opportunistic pat-
hogen that usually infects immunocompromised 
individuals through open wounds, catheters and 

Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of bacterial strain ( g/mL)*

MRSA P. aeruginosa E. coli A. baumanii 771 A. baumanii 53154

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Honey samples
Sage honey 1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
Sage honey 2 0.1 0.1 0.2 0.4 0.2 0.2 0.2 0.2 0.2 0.2
Maple honeydew 0.05 0.05 0.2 0.4 0.4 >0.4 0.1 0.2 0.1 0.1
Fir honeydew 1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Fir honeydew 2 0.05 0.05 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Chestnut honey 0.1 0.1 0.2 0.4 0.2 >0.4 0.2 0.4 0.1 0.1
Locust tree honey 0.2 >0.4 0.4 >0.4 0.4 >0.4 0.2 0.4 0.2 0.4
Lime tree honey 0.2 0.2 0.4 0.4 0.4 >0.4 0.1 0.2 0.2 0.2
Indigo bush honey 0.05 0.2 0.2 0.2 0.4 0.4 0.1 0.1 0.1 0.1
Rapeseed honey 0.4 >0.4 0.4 0.4 0.4 >0.4 0.2 0.4 0.2 0.4
Maple honey 0.2 >0.4 0.2 0.4 0.2 >0.4 0.1 0.1 0.1 0.1
Mint honey 0.1 0.1 0.2 0.2 0.2 0.4 0.05 0.1 0.1 0.1
Spring pasture 
honey 0.4 >0.4 0.4 >0.4 0.4 >0.4 0.4 0.4 0.4 0.4

Autumn pasture 
honey 0.05 0.05 0.4 0.4 0.2 0.2 0.05 0.1 0.1 0.1

Drugs for positive control for growth inhibition
Vancomycin 0.000001 0.000001 NT NT NT NT NT NT NT NT
Meropenem NT NT >0.000032 >0.000032 0.000000006 0.000000006 >0.000032 >0.000032 0.00000025 0.00000025

Table 3. Antibacterial activity of tested honey samples on antibiotic resistant bacterial strains

*MIC, concentration required for 99% bacteriostatic effect; MBC, concentration required for 99% of bacterial killing effect; NT, not tested
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breathing tubes (16). It is well documented that 
A. baumannii rapidly develops resistance to anti-
biotics and it is a real challenge to treat infections 
caused by this bacterium. Our results showed that 
A. baumannii as well as S. aureus were the most 
sensitive to honey, especially to Fir honeydew 
honey and Mint honey. These results suggest that 
they might be used in treating bacterial infecti-
ons, especially those caused with S. aureus and 
A. baumannii. This is in line with the report of 
other authors who found that honey was effective 
against antibiotic-resistant bacteria that colonize 
burn wounds, such as MRSA, vancomycin-resi-
stant Enterococcus spp. (VRE) and multiple-re-
sistant Gram-negative rods, including P. aeru-
ginosa, Acinetobacter spp. and members of the 
Enterobacteriaceae family (17-20). Furthermore, 
recent reviews on the successful usage of honey 
as a dressing on infected wounds show that many 
authors support the use of honey when treating 
infected wounds and some suggest even the 
prophylactic use of honey on the wounds of pa-
tients susceptible to MRSA and other antibiotic-
resistant bacteria (21-23).
Large variations in antimicrobial activity exist 
among honey collected from different envi-
ronments, which is possibly related to spatial 
and temporal variations in sources of nectar 
(10,24,25). Other reasons behind the recognition 
of honey as an effective antimicrobial agent are 
the use of non-standardized laboratory methods 
for testing. While antibiotic susceptibility testing 
uses standardized methods like EUCAST Re-
commendations, for antibacterial testing of natu-
ral products there are no such recommendations 
(13). It is very difficult to compare the results of 
different scientific studies and the results are very 
often confusing. Most commonly used in the re-
search are the diffusion method (agar well or disk 
diffusion methods) and the antimicrobial activity 
of honey is measured by a size of the inhibiti-
on zone. However, it was found that a disc im-
pregnated with various concentrations of honey 
added to an agar plate became dry because of va-
porization of fluid from the disc when the media 
were incubated at 37 °C for 24 hours. Also, honey 
is a mixture of different molecules that will not 

equally well diffuse through the agar and the re-
sults will not be precise. Therefore, we consider 
that assessment of the inhibitory and bactericidal 
concentration is a much better choice of testing 
because honey will easily come into contact with 
bacteria in the liquid media and such a complex 
mixture of compounds will better demonstrate its 
effect. By using this method, it was easy to find 
the MIC and MBC of tested honey that inhibited 
the growth of pathogens.
In our study, the weakest antibacterial potential 
was obtained by Locust tree honey, Rapeseed 
honey and Spring pasture honey. For these honey 
samples, we can assume that they do not have 
the necessary ingredients or synergy among ac-
tive components that would affect the bacteria. 
Namely, antibacterial activity of honey is qu-
ite a complicated issue due to the involvement 
of multiple ingredients, and large differences in 
their concentrations between the different types 
of honey. Closer determination of antibacterial 
compounds and their activities, and their involve-
ment in the antibacterial activity of honey could 
enable the standardization and help removing the 
main obstacles for the application of honey in the 
therapy of infections.
In conclusion, some honey of Croatian origin, 
like Fir honeydew and Mint honey, could be po-
tentially applied as an antibacterial agent in me-
dicine. We also demonstrated that locally produ-
ced honey possess excellent antibacterial activity 
comparable to the commercial honey. Our work 
shows that discovery and research of the anti-
microbial potential of different honey samples 
are of great importance and may contribute to the 
fight against bacterial resistance.
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ABSTRACT 

Aim To determine capabilities and potential of contrast enhanced 
magnetic resonance imaging (MRI) enterography in order to esta-
blish the diagnosis and to evaluate severity and activity of intesti-
nal inflammation.

Methods Fifty-five patients with suspicion for presence of Crohn’s 
disease were evaluated. All patients underwent contrast enhanced 
MRI enterography and diffusion weighted imaging (DWI), and 
subsequently endoscopic examination or surgical treatment. Four 
parameters were analysed: thickening of the bowel wall, and pre-
sence of abscess, fistula and lymphadenopathy. 

Results Comparing results of DWI and contrast enhanced MRI 
enterography a significant difference between results given throu-
gh diffusion and histopathological test was found, e.g. a significant 
difference between results obtained through diffusion and MRI en-
terography was found. MRI enterography sensitiveness for bowel 
wall thickening was 97.7% and specificity 70%, whilst DWI sen-
sitivity for bowel wall thickening was 84% and specificity 100%. 
The diagnostics of abscess and fistula showed no significant diffe-
rence between DWI and MRI, while in lymphadenopathy signifi-
cant difference between contrast enhanced MRI enterography and 
DWI was found.

Conclusion Contrast enhanced MRI enterography in combination 
with DWI allows for excellent evaluation of disease activity, but 
also problems or complications following it. The examination can 
be repeated, controlled, and it can contribute to monitoring of pa-
tients with this disease. 

Key words: magnetic resonance imaging, diffusion, inflammatory 
bowel disease
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INTRODUCTION

Due to its length and location, small intestine 
is challenging both for clinical and radiological 
evaluation. Crohn’s disease is the most common 
disease of the small intestine (1). Even though 
the medical problem was defined in the previous 
century, Crohn’s disease patients even today re-
present a diagnostic challenge, and each attempt 
of diagnostic progress is both of scientific and 
practical significance (2). 
Beside non-invasive and accurate disease di-
agnostic in its earliest possible phase, modern 
radiology also requires a possibility to evaluate 
activity and seriousness of a disease. This is im-
portant because the spread of disease affects me-
dical and surgical approach (3). 
Until recently, the main diagnostic modality was 
a standard radiological examination which co-
uld neither show the bowel wall nor the changes 
located extraluminarly (4). One should also have 
in mind that these examinations have harmful 
ionizing radiation. The development of compu-
ted tomography (CT) devices and appearance of 
multi-slice computed tomography (MSCT) de-
vices made a progress in diagnostics, where the 
CT enterography made a huge step forward in the 
diagnostic evaluation of intestinal wall changes 
and thickening, but also it could display extra lu-
minal changes (5). 
However, ionizing radiation is still a major pro-
blem, especially because patients with the Crohn’s 
disease are mostly young (6). Since the ailment 
demands constant tracking, there is a question 
whether constant CT examinations are justified (6).
Even though endoscopic diagnostic methods are 
the best for diagnosing and tracking digestive tract 
diseases, they are limited in displaying proximal 
and distal segments of small intestine (7).
Introducing the imaging radiological techniques, 
adequate diagnose and valuable information tend 
to be found, but not to disturb the commodity 
and security of the patient (8). That is essenti-
al, considering that this is a long-term illness 
which requires constant monitoring (6). The use 
of magnetic resonance imaging in the evaluati-
on of patients with inflammatory bowel disease 
was conditioned by the development of devices 
that had technical predispositions for performing 
such examinations (9,10). Protocol development 
for MRI enterography made a huge step forward 

in the diagnostic treatment of patients with in-
flammatory bowel disease (11). Problems such 
as insufficient intestinal distension and intesti-
nal peristalsis are solved with the application of 
oral contrast media and intravenous spasmolytic 
application (11). Studies which compared con-
trasted enhanced MRI enterography with other 
examination methods have given promising re-
sults. The use of magnetic contrast medium with 
dynamical postcontrast evaluation has improved 
examination quality (12-15).
The use of diffusion weighted imaging (DWI) 
sequences represents a new possibility of expan-
ding the ability of MRI, which can give addi-
tional information about the changes of the in-
flammatory bowel disease (16-18). The DWI 
represents changes in water mobility caused with 
static membrane interactions, macromolecules 
and the surrounding (19). 
To contribute in the diagnostic treatment of pati-
ents with Crohn’s disease, based on our previous 
experience in MRI diagnostics we have decided 
to conduct this research. Initial hypotheses were 
that the contrast enhanced MRI enterography pro-
vides an excellent assessment of the disease acti-
vity as well as the estimation of complications that 
followed the disease, so that DWI, in comparison 
with contrast enhanced MRI enterography, provi-
des better sensitivity, and in combination with the 
apparent diffusion coefficient (ADC) map, it can 
potentially improve specificity, and that contra-
sting MRI enterography in combination with DWI  
has a significantly higher success in detecting the 
activity and complications of Crohn’s disease. 
This research was conducted in order to deter-
mine a potential for diffusion weighted imaging 
(DWI) in the evaluation of patients with Crohn’s 
disease, as a new possibility of spreading the abi-
lity of magnetic resonance, and the improvement 
of sensitivity and specificity of the examination. 
The results of this study will provide indicators 
that will represent guidelines for setting up new 
diagnostic criteria in the evaluation of patients 
with Crohn’s disease.

PATIENTS AND METHODS

Patients and study design

The research implied prospective study where 
patients with Crohn’s disease were diagnostically 
treated with dynamic contrast enhanced MRI 
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(DCE-MRI), and diffusion weighted imaging 
(DWI-MRI). 
The research included 55 patients with clinical 
and laboratory suspicion of the Crohn’s disease, 
who were diagnostically evaluated and treated 
at the Cantonal Hospital Zenica in the period 
between July 2013 and December 2015. 
A research protocol was approved by the Ethics 
Committee of the Cantonal Hospital Zenica. 
After the MRI enterography, which inclu-
ded dynamic contrast sequences and diffusion 
weighted imaging sequences, all patients un-
derwent endoscopic examinations or they were 
surgically treated. Surgical and endoscopic fin-
dings were taken as reference findings. 
This study included patients whose clinical and 
laboratory tests made them suspicious of having 
Crohn’s disease, which included the patients with 
earlier diagnosis and PH verification of Crohn’s 
disease (endoscopically and surgically) and who 
were in the phase of exacerbation (patients who 
have clinical and laboratory indicators of the di-
sease presence). Patients with suspicion of ha-
ving Crohn’s disease were also taken into consi-
deration. In that case, the disease was located on 
endoscopically accessible places because of en-
doscopic imaging confirmation (colon, terminal 
ileum, the area of ileocolic anastomosis, proxi-
mal part of digestive tract available to endosco-
pe).  This study also included patients who were 
surgically treated after imaging. 
The study excluded patients who rejected to par-
ticipate, patients with contraindication for MRI 
examination (electromagnetic implants, forei-
gn metal objects, claustrophobia), patients with 
contraindications for appliance of MRI contrast 
medium (renal insufficiency, high values of urea 
and creatinine, allergy to the contrast medium, 
patients who were diagnosed with changes on 
some parts of the digestive tract, which were not 
accessible to endoscopic confirmation, but which 
do not require urgent surgical treatment).
The study implied the analysis of DCE-MRI 
and DWI for every patient included in the study. 
Clinical and morphological characteristics were 
analysed, such as thickening of the bowel wall 
(more than 3 mm) presence of fistula and absce-
ss. The analysis included both local lymphadeno-
pathies as an indirect sign of inflammation.

Methods

All patients who qualified for participation in 
the study underwent an MRI examination (SIE-
MENS Magnetom Avanto 1.5 T, Erlangen, Ger-
many), which included DCE-MRI, and DWI.
Even though there is no consensus about the 
universal protocol for contrast enhanced MRI 
enterography, each examination should consist 
of fast and ultrafast T1W and T2W sequences 
in transversal and coronary plane. Dynamic po-
stcontrast evaluation implies the use of GE T1W 
sequences with fat saturation. 
After the native examination and intravenous 
application of the contrast medium, dynamic po-
stcontrast recordings on T1 VIBE sequences bipla-
nary (transversal and coronary) were performed. 
The examination was amended with diffusion 
weighted sequences for abdomen and pelvis area: 
ADC maps were automatically calculated with 
computer program workstations of MRI device, 
and on the basis of the given diffusion sequence. 
DWI sequence was recorded before intravenous 
application of the contrast medium. Before the 
examination the patients drank 1.5 litre of fluid 
consisting of 10% mannitol and water in propor-
tion 1:2; at the end they drank 100 mL of dilution 
every 5 minutes. After that the patients were put 
on the device table where the magnetic coils were 
applied: 4-channel flex large and 8-channel body 
matrix tim coil. 
Before starting both native and postcontrast 
scanning, the patients were given intravenous 
spasmolytic in order to slow down peristalsis and 
to avoid effects of intestinal twitching. 

Statistical analysis

The applied methods of descriptive statistical 
analysis were used to describe distribution of 
examined variables. Kolmogorov-Smirnov test 
was used to test normal distribution of quantita-
tive variables. Since these samples are not nor-
mally distributed but at the same time they are 
dependent, in questioning the significance non-
parametric Wilcoxon’s test (Wilcoxon signed 
rank test) was used.
A statistical analysis was performed using the 
“R” program.
In order to establish the diagnostic characteri-
stics, respectively the quality of one method in 
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relation to the other, we performed receiver ope-
rating characteristic curve (ROC) analysis.
The statistical hypotheses were tested at the level 
of α <0.05, which means that the difference betwe-
en samples was considered significant if p <0.05.

RESULTS

A total of 55 patients underwent MRI entero-
graphy before the endoscopic or surgical tre-
atment. This MRI enterography included DCE-
MRI and DWI. The affected bowel segment after 
the contrast administration increased intensity of 
the signal and showed signs of the diffusion re-
striction (Figure 1).

25 (45.5%) patients, while in 13 (23.6%) patients 
moderate restriction of diffusion of the affected 
segments was established.
Applying Wilcoxon test with 95% level of signi-
ficance, the following results were obtained: V= 0 
and p= 0.008151 suggesting that there was statisti-
cally significant difference between results obta-
ined through DWI and histopathological results.
A statistically significant difference between re-
sults obtained through diffusion and MRI entero-
graphy was found (V=45; p=.0027). 
In case of MRI enterography, obtained results for 
sensitivity showed TPR (the truly positive rate) = 
0.9777 and for specificity, FPR (falsely positive 
rate) = 0.3. In case of DWI, sensitivity for TPR 
(exact positive rate) of 0.84, and specificity for 
FPR =0 was found.
Sensitivity for MRI enterography for bowel wall 
thickening of 97.7%, and specificity of 70% was 
found, while the sensitivity for DWI for bowel 
wall thickening was 84%, and specificity 100%.
In order to compare predictive properties of MRI 
enterography versus DWI, the area under curve 
(AUC) was used. In majority of cases, higher va-
lues of AUC represented a better method, which 
is a predictive feature of the method. In case of 
MRI enterography the obtained value for AUC 
was 0.838, while for DWI value AUC was 0.922. 
On the basis of sensitivity values, TPR (true po-
sitive rate), specificity, FPR (false positive rate), 
and area under curve (AUC), it can be concluded 
that the application of DWI improved predictive 
features of the method, especially specificity; the 
sensitivity, in the obtained pattern was not impro-
ved, which can be seen from the TPR value and 
cross section of the ROC (Figure 2). 

Figure 1. A) T2 BLADE axial multi breath hold (mbh), B) T1 
VIBE FS axial mbh postcontrast, C) and D) diffusion weighted 
imaging (DWI) and ADC map: intestinal wall thickening with 
signs of diffusion restriction (Department of Radiology, Can-
tonal Hospital Zenica, 2014) 

Figure 2. Magnetic resonance imaging (MRI) and diffusion 
weighted imaging (DWI) correlation depended of wall thickening

Out of 55 checked patients, 10 patients were lac-
king histopathological confirmation of the disea-
se presence. Three of them had positive results on 
MRI enterography.
Out of 55 patients, there were 22 males aged 
between 19 and 75 (the average age of 47 years), 
and 33 females aged between 19 and 72 (the ave-
rage age of 45.5 years) (p= 0.21).
Out of 55 patients who underwent MRI entero-
graphy, 47 encountered thickening of the bowel 
wall: in 44 (80%) patients the result was histo-
pathologically confirmed, while in three (5.45%) 
patients histopathological confirmation was mi-
ssing. In seven (12.7%) patients absence of hi-
stopathological thickening of the bowel wall on 
MRI enterography was found. 
Diffusion restriction of free water in affected se-
gments was detected in 38 (69%) patients, while 
it was negative in six (10.9%) patients. There was 
a finding of pronounced diffusion restriction in 

Out of 55 checked patients, MRI enterography 
determined the presence of abscess collection in 
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four (7.2%) patients, where the abscess collec-
tions were located dominantly in perirectal and 
perianal region. All abscess collections showed 
free water diffusion restriction.
Applying the Wilcoxon test, since there were 
identical results, there was no significant diffe-
rence between results obtained with DWI and 
MRI results. 
MRI enterography confirmed the presence of fi-
stula in 11 (20%) patients: five patients had ente-
roenteral fistula, one had enterocutaneous fistula, 
one had enterovesical fistula, and seven patients 
had perianal fistula; four patients had combined 
fistulas. All fistulas showed restriction of free wa-
ter diffusion.
In order to determine significance between re-
sults obtained through MRI enterography and 
DWI there was no significant difference between 
the results obtained with DWI and MRI.
MRI enterography detected significant lympha-
denopathy in 29 (52.7%) patients. 
Free water diffusion restriction in case of affec-
ted lymph nodes was confirmed in 21 (38.1%) 
patients, while in eight (14.5%) patients with 
MRI verified lymphadenopathy the presence of 
diffusion restriction was not confirmed.
In order to establish significance between results 
obtained through DWI and results obtained thro-
ugh MRI enterography, V=45 and p=0.0027 were 
obtained, suggesting a statistically significant 
difference between results obtained through MRI 
enterography compared to DWI.  

DISCUSSION

Standard tools such as Crohn’s Disease Activity 
Index or the Crohn’s Disease Endoscopic Index 
of Severity, the Simplified Endoscopy Score do 
not show total bowel damage (20). Because of 
that it is essential to find new tools for evaluation 
of functional and structural bowel damage and its 
progress over time.
Magnetic resonance imaging (MRI) has more and 
more application in diagnosing and patient mo-
nitoring with inflammatory bowel disease. The 
absence of ionizing radiation, excellent tissue cha-
racterization and functional imaging are important 
characteristics which make the MRI a suitable 
method for digestive tract recording (21-23). 
Results of the presented study have shown no si-
gnificant difference in approximate age between 

males and females, which is consistent with pre-
vious researches (24).
Results obtained for bowel wall thickening showed 
no significant difference between results obtained 
through MRI enterography in comparison with hi-
stopathological test. Comparing DWI results and 
MRI postcontrast enterography, significant diffe-
rence between DWI and histopathological results 
was found, e.g. statistically significant difference 
between DWI and MRI enterography was found. 
Considering the fact that there was no statistically 
significant difference between MRI enterography 
and histopathological results, it can be concluded 
that DWI as a single method cannot be used as a 
reliable diagnostic method for confirmation of the 
wall thickening.  
In comparison with earlier studies where the 
sensitivity for DWI of 100% and specificity up 
to 92.9% were found (25), our results in terms 
of DWI specificity were better. Previous studies 
have shown sensitivity for MRI enterography of 
83%-100% which correspond with our results, 
and specificity of 94-100%, which does not 
correspond with our (lower) results (25-27). 
In case of MRI enterography the results of our 
study have shown that by applying DWI predic-
tive property method was being improved, es-
pecially specificity, while the sensitivity in case 
of obtained pattern was not improved. Unlike 
lymphadenopathy, in abscess collection and fi-
stula detection there was no significant diffe-
rence between the results obtained by diffusion 
weighted imaging and MRI findings. Recent 
functional techniques such as DWI and dynamic 
contrast-enhanced MRI (DCE-MRI) give pro-
mising results in evaluation and monitoring of 
Crohn’s disease, but they require additional pros-
pective studies (28-30).
There are numerous studies which dealt with 
different diagnostic aspects of Crohn’s disease.
Different studies were implemented with the aim 
of comparing MRI enterography with other exa-
mination techniques, and they give promising 
results (31,32). Sato et al. comparing ability to 
detect lesions in Crohn’s disease with MRI en-
terography and ileocolonoscopy concluded that 
MRI enterography can be useful, not only for the 
detection of ulcers, but also for discovering en-
doscopically verified smaller lesions of Crohn’s 
disease suggesting clinical benefit of MRI ente-
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rography for the detection and monitoring of this 
disease (33). Diffusion weighted imaging (DWI) 
represents a new possibility of widening ability 
of magnetic resonance imaging which can give 
additional information about the bowel tissue 
structure which is being recorded; thus represen-
ting fast and precise tool for detection and evalu-
ation of the inflammation of the small intestine in 
case of Crohn’s disease (25).
DWI-MRI enterography is a reliable tool for 
evaluation of small intestine inflammation and 
colon, and with its use it could avoid a need for 
application of gadolinium based contrast agent 
(34).  Oto et al. concluded that DWI is a reliable 
technique for the detection of inflammation in 
patients with Crohn’s disease, and that dynamic 
contrast MRI and DWI give quantitative mea-
sures of the small intestine inflammation, which 
can differentiate actively inflammation segments 
from normal small intestine in Crohn’s disease 
(16). The DWI allows better sensitivity compa-
red to DCE-MRI, while the combination of ADC 
and K (trans) parameters for the analysis can po-
tentially improve specificity (16,17).
In a study about the importance of MRI entero-
graphy and DWI in Crohn’s disease patients, Bu-
isson et al. concluded that DWI-MR enterography 
is a good and precise tool for detection and evalu-
ation of the small intestine inflammation (25). Ti-
elbeek et al. suggested that quantitative parameters 
of conventional MRI sequences, dynamic contrast 
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ABSTRACT

Aim To compare the correlation of intraocular pressure (IOP) 
measurements obtained using Goldmann applanation tonometry 
(GAT), non-contact tonometry (NCT), dynamic contour tonometer 
(DCT) and tono-pen (TP) in glaucomatous and healthy eyes, and 
to investigate the effect of central corneal thickness (CCT) on the 
measurements. 

Methods One hundred eyes of 100 glaucoma patients and 50 eyes 
of 50 healthy individuals were compared. In all of the eyes, CCT 
was evaluated using ultrasonic pachymeter. IOP was measured 
using NCT, TP, DCT and GAT, respectively. IOP measurements 
and correlation of these measurements with CCT were calculated 
using Pearson and intra-group correlation analysis. 

Results In the glaucoma group, the mean IOP was 16.42 ± 2.80 
mmHg with NCT, 17.12 ± 2.49 mmHg with TP, 18.27 ± 2.62 
mmHg with DCT and 16.08 ± 3.00 mmHg with GAT. The mean 
CCT was 532.15 ± 39.08 μm. In normal individuals, mean IOP 
was 14.64 ± 2.20 mmHg with NCT, 15.32 ± 1.85 mmHg with TP, 
16.72 ± 2.31 mmHg with DCT and 14.16 ± 2.80 mmHg with GAT. 
The mean CCT was 538.40 ± 31.64 μm. 

Conclusion A strong compliance between NCT and GAT has been 
observed. NCT can be used instead of GAT.

Keywords: intraocular pressure, glaucoma, cornea, tonometer, 
pachymeter
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INTRODUCTION

Glaucoma is a chronic, progressive, multifac-
torial optic neuropathy, which is characterized 
by ganglion cell loss, cupping of the optic disc 
and visual field defects (1). Intraocular pressure 
(IOP) value is one of the most important parame-
ters in the diagnosis, classification, follow-up and 
treatment of glaucoma and ocular hypertension. 
Currently, decreasing the IOP is a valid treatment 
option in preventing the progression of glauco-
matous damage (2). For this reason, determining 
the true IOP value is very important in glaucoma 
treatment. The IOP measurements vary depen-
ding on many factors, such as the different met-
hods in calibration of the instruments, individual 
factors, i.e. current systemic blood pressure, he-
art rate, respiratory rhythm, positional status and 
the current systemic blood pressure, heart rate, 
respiratory rhythm, body position of the person 
measured by the IOP (2). Corneal thickness and 
corneal curvature are also the local factors that 
affect the measurements (2).
Today, Goldmann applanation tonometry (GAT) 
is widely used, highly accepted and considered 
as the gold standard among the IOP measure-
ment methods (3-5). However, being attached to 
the biomicroscope, the difficulties in positioning 
it properly for some of the patients, difficulties 
of cooperation in children, returning erroneous 
results in irregular astigmatism and oedematous 
corneal cases with scars, causing corneal abrasi-
ons, requiring training for being able to do mea-
surements, and causing inter-eye contamination 
are the major disadvantages of GAT (6-8). Tono-
pen (TP) hand tonometry, non-contact tonometer 
(NCT) and dynamic contour tonometer (DCT) 
are devices that are designed to overcome the-
se disadvantages. It has been shown in various 
publications that tonometer is affected at varying 
rates by central corneal thickness (CCT), even if 
all these drawbacks are eliminated (6,7).
In this study, we aimed to determine the correla-
tion between GAT, TT, NCT and DCT and IOP 
measurement results in glaucoma patients and 
healthy individuals followed in our clinic and to 
identify the correlation of these measurements 
with CCT. In addition, we wanted to investigate 
the best alternative tonometry device to the GAT, 
especially for screening programmes.

PATIENTS AND METHODS

Patients and study design

One hundred eyes of 100 patients (Group 1), who 
were diagnosed with glaucoma in the Glaucoma 
Unit of the Department of Ophthalmology in 
Yuzuncu Yil University, Turkey, and 50 eyes of 
50 healthy individuals (Group 2) were included 
in the study. The groups were age-matched. The 
right eyes of all of the patients were included in 
the study. Before proceeding, the procedure was 
clearly explained to all subjects and a signed and 
informed consent form was obtained. Permission 
for the study was obtained from the Ethics Com-
mittee of Yuzuncu Yil University, Turkey. During 
the study, all the ethical principles and basic prin-
ciples defined for biomedical research in the Hel-
sinki Declaration were followed. 
Glaucoma patients included in the study (Group 1) 
were diagnosed according to IOP level, goniosco-
pic examination, optic nerve head appearance and 
consecutive visual field examination. The control 
group (Group 2) was composed of healthy conse-
cutive individuals with no glaucoma anamnesis 
and normal ocular examination, who applied to 
the outpatient clinic for refractive examination.
Exclusion criteria were: patients with ocular sur-
face disease (corneal oedema, scarring, dystrophy, 
etc.), those who were  hyperopic or myopic over ± 
3 dioptres, and patients who had astigmatic diopter 
over ± 1, irregular astigmatism, patients with dry 
eye, those who used contact lenses, patients who 
had recent previous glaucoma crisis due to the po-
ssible corneal oedema, those with serious eye dise-
ases such as proliferative diabetic retinopathy with 
iris neovascularization, uveitis, patients with pre-
vious ocular surgery (including refractive surgery) 
and patients with ocular trauma, pregnant women, 
those with a GAT and IOP of 25 mm Hg or above 
and a quality score of 4 or 5 measured by DCT.  

Methods 

All four methods, GAT, TP, NCT and DCT,  
including the pachymeter, were explained to the 
patients in advance, e. g. that the application wo-
uld be painless, allowing the IOP to be measured 
and prevented from closing and distressing the 
eyelids. The patients were asked not to rub the-
ir eyes, to wipe them or to put pressure on their 
eyelids with their hands after the application. All 
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of the IOP measurements were made at the sitting 
position due to the fitting of the most of the to-
nometers to the constructed biomicroscopes. We 
did not investigate the difference between sitting 
and upright positions.  
All eyes were first subjected to CCT measurement 
with an ultrasonic pachymeter (Nidek US-1800 
Echoscan, Japan). Then, measurements were made 
with non-contact tonometry (Keeler the pulsa-
ir eye, USA), tonopen (Tono-Pen XL, Medtronic 
Solan, USA), dynamic contour tonometry (SMT 
Swiss Microtechnology, Switzerland) and Gol-
dmann applanation tonometer, respectively. In all 
the measurements the arithmetic average of the 3 
measurement values were taken. For repeated IOP 
measurements, they were made with a 15-minute 
pause, which is regarded as the safe interval (9). 
All the measurements were made by the same 
ophthalmologist, who is an experienced specialist. 
The measurements were made at around the same 
time of day, around 10 o’clock before lunch. Whi-
le calculating the CCT, before the measurement, 
0.5% topical proparacaine hydrochloride (Alcaine, 
Alcon) was dropped to the eye to provide topical 
anaesthesia. Thereafter, measurements were made 
using ultrasonic pachymeter on the midpupillary 
axis, placing the pachymetry probe perpendicular 
to the cornea without applying pressure on the cor-
nea. In the IOP measurements made with NCT, no 
topical anaesthetic drops were used and the patient 
was asked to be fixated to the green light of the 
tonometry. Measurement of IOP with GAT was 
performed under cobalt blue light after topically 
anaesthetizing the patient, using fluorescein sodi-
um impregnated sterile strips. During this time, all 
patients were asked to look behind the doctor with 
their eyes open and to breathe freely. With a TT 
that was recalibrated every day, a separate sterile 
disposable cap was used for IOP measurement on 
each eye. Prior to the measurement, topical anae-
sthesia was applied, and later, the procedure was 
performed while the patient was looking across. On 
the liquid crystal panel, averages of measurements 
with reliability ≤ 10% were taken. The IOP mea-
surements were also made with DCT under topical 
anaesthesia. When the patient was in the position 
of looking across, the endpoint of the tonometry 
was contacted to the cornea and the centralization 
was checked on the biomicroscope. It touched the 
cornea for approximately 5-6 seconds. On the scre-

en, the measurements with reliability values of 1st, 
2nd and 3rd quality level were taken into account 
and their averages were taken into consideration.

Statistical analysis 

In the statistical analysis of the obtained data, 
one-way analysis of variance (One-way ANO-
VA) was performed to determine whether there 
was a difference between the patient and control 
groups in terms of the studied characteristics. In 
the groups, the Pearson correlation coefficient 
was calculated in determining the relationship 
between the properties. In addition, the intra-gro-
up correlation coefficient was calculated to de-
termine the compatibility between the GAT met-
hod and other methods. In the calculations, the 
levels of 5% and 1% were accepted as significant 
(p<0.01 and p<0.05). In terms of the studied cha-
racteristics, descriptive statistics were expressed 
as mean and standard deviation.

RESULTS

The mean age was 54.70 ± 11.69 years (32-82 ye-
ars) for glaucomatous patients and 51.46 ± 9.04 
years (31-72 years) for healthy individuals. 
The mean CCT value was 532.15 ± 39.08 μm (447-
651 μm) in patients with glaucoma and 538.40 ± 
31.64 μm (480-619 μm) in healthy individuals. 
The IOP averages measured with all instruments 
were presented in Table 1. Measurements with 
DCT were highest in both patient and control 
group, lowest with GAT. The difference between 
the mean of the patient and control groups was sig-
nificant except for CCT (p<0.01)) (Table 1).

Mean±SD (range)

Variable Patients with gla-
ucoma (n=100)

Patients with nor-
mal eye  (n=50) p

Age (years ) 54.70 ± 11.69 
(32-82)

51.46 ± 9.04 
(31-72)         0.10

CCT (µm) 532.15 ± 39.08 
(447-651)

538.40 ± 31.64 
(480-619) 0.32

GAT (mmHg) 16.08 ± 3.00 
(10-24)

14.16 ± 2.80 
(10-22) 0.00

NCT (mmHg) 16.42 ± 2.80 
(10-24)

14.64 ± 2.20 
(10-19) 0.00

TP (mmHg) 17.12 ±  2.49 
(10-27)

15.32 ± 1.85 
(11-20)        0.00

DCT (mmHg) 18.27 ± 2.62 
(12-30)

16.72±2.31
(11.5-23) 0.00

Table 1. Gender, age, central corneal thickness (CCT) and 
intraocular pressure (IOP) values measured by tonometer in 
patient and control groups

GAT, Goldmann applanation tonometry; NCT, non-contact tonom-
eter; TP, Tonopen; DCT, dynamic contour tonometry
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When the differences between IOP measurement 
methods between patient and control groups were 
examined, the highest IOP measurement difference 
was observed between DCT and GAT. The diffe-
rence was 2.19 ± 2.24 mmHg in the patient group 
and 2.56 ± 1.94 mmHg in the control group. The 
lowest difference was observed between NCT and 
GAT measurements. The difference was 0.34 ± 
1.13 mmHg in the patient group and 0.48 ± 1.16 
mmHg in the control group. In both groups, the 
differences between the measurements of the devi-
ces were statistically significant (p<0.01) (Table 2).

not affected by CCT in both groups. In the pati-
ent group, Pearson’s correlation coefficient (rp) 
between GAT and CCT was 0.533 and rp value 
between NCT and CCT was 0.464. In the control 
group, the rp value between GAT and CCT was 
0.471, and the rp value between NCT and CCT 
was 0.369 (p<0.01). According to these values, 
GAT had the highest correlation with CCT in both 
groups. Additionally, it was determined that DCT 
and TP did not correlate with CCT (p>0.05). 

Mean difference±SD

Variable Patients with
glaucoma (n=100)

Patients
with normal eye (n=50) p

DCT – NCT 1.85 ±1.88 2.08 ± 1.43                  0.00
DCT- GAT 2.19 ±2.24 2.56 ± 1.94 0.00
DCT- TP 1.15 ±0.75 1.40 ± 1.09 0.00
NCT- GAT 0.34 ±1.13 0.48 ± 1.16 0.00
TP - NCT 0.70 ±1.63 0.68 ± 1.39 0.00
TP - GAT 1.04 ±1.97 1.16 ± 2.05 0.00

Table 2. Differences in intraocular pressure (IOP) measure-
ment methods between patient and control group

GAT, Goldmann applanation tonometry; NCT, non-contact tonome-
ter; TP, Tonopen; DCT, dynamic contour tonometry

Pearson correlation coefficient (rp)
Variable DCT NCT GAT TP CCT
DCT 1
NCT 0.760* 1
GAT 0.690* 0.927* 1
TP 0.958* 0.816* 0.748* 1
CCT -0.033 0.446* 0.533* 0.009 1

Table 3. Measurements in the glaucoma patient group and 
Pearson correlation coefficients between each tonometer and 
central corneal thickness (CCT)

*p<0.01
GAT, Goldmann applanation tonometry; NCT, non-contact tonome-
ter; TP, tonopen; DCT, dynamic contour tonometry

Pearson correlation coefficient (rp)
Variable DCT NCT GAT TP CCT
DCT 1
NCT 0.800* 1
GAT 0.729* 0.920* 1
TP 0.886* 0.778* 0.683* 1

CCT 0.036 0.369* 0.471* 0.009 1

Table 4. Measurements in the control group and Pearson 
correlation coefficients between each tonometer and central 
corneal thickness (CCT)

*p <0.01
GAT, Goldmann applanation tonometry; NCT, non-contact tonome-
ter; TP, Tonopen; DCT, dynamic contour tonometry

When GAT was accepted as the gold standard 
for accurate measurement of IOP, the compliance 
with GAT for other measurement methods in the 
patient and control groups was presented in Table 
3. According to intra-group correlation coeffici-
ents (ric), the most compatible tonometry mea-
surements with GAT were NCT in both groups 
and the most incompatible tonometry measure-
ments were with DCT in patient and with TP in 
control group (p<0.01) 

When the correlation between IOP measurements 
and CCT in the patient and control groups was 
analysed by Pearson’s correlation coefficient (Ta-
bles 3 and 4), IOP measurements were only corre-
lated with GAT, NCT and CCT in both groups, 
that is, it was affected by CCT. DCT and TP were 

DISCUSSION

It has previously been demonstrated that the IOP 
measurements made with GAT are influenced by 
CCT. The CCT is an important factor affecting 
the end results in tonometry operated with appla-
nation principle. Corneal flattening is achieved 
by applying less force in thin corneas while using 
more power for applanation in CCT thick eyes. 
For this reason, IOP can be measured above nor-
mal in cases with high CCT and erratically low in 
thin corneas (8, 10-12). 
It has also been shown in many studies that NCT 
is affected by CCT, in a way similar to GAT (13-
14). Siganos et al. found significant correlations 
between CCT and GAT and NCT measurements 
and found 0.3 mmHg IOP increase for 10 μm 
CCT. Tonnu et al. found that all methods were 
influenced by CCT, but that this effect was at its 
highest level for NCT, in their studies comparing 
GAT, TP, NCT tonometer methods (12). Another 
study compared NCT and GAT in 230 eyes of 
115 patients, NCT was reported to be more af-
fected than CCT according to GAT. In the same 
study, it was reported that the measurements 
were low in the thin corneas and high in the thick 
corneas, and especially there were errors in cor-
neal oedema (15). We also found that GAT and 
NCT were affected by CCT in the patient and 
control groups. We observed that this effect was 
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also greater in the GAT in both groups.
It is claimed that DCT makes IOP measurements 
independently of the structural features of the 
cornea. Ku et al. reported that in patients with he-
althy corneas, IOP values correlated strongly with 
CCT and GAT and that the correlation between 
IOP values obtained with DCT and CCT was on 
the significance limit (16). There are a number 
of studies indicating that DCT was not affected 
by CCT (10, 17-21). Viestenz et al. and Salvetat 
et al. reported that measurements were affected 
by CCT (22,23). We also showed that DCT was 
not affected by CCT in our study. In many stu-
dies, TP was also found to be affected by CCT, 
but less affected by GAT and NCT (11,12,14,23). 
Two studies have shown that TP is not affected 
by CCT (22,24). This result indicates that To-
nopen is less affected than CCT by smoothing a 
smaller area of contact (1.5 mm for Tonopen XL) 
in comparison to GAT. In our study, it was shown 
that Tonopen was not affected by CCT. 
When we looked at the compliance between the 
tonometers in our study, the most compatible 
TTM with GAT was NCT. The difference was 
0.34 ± 1.13 in the glaucoma group and 0.48 ± 
1.16 mmHg in the patient group. The compliance 
coefficient was 0.927 in the glaucoma group and 
0.920 in the normal group. The lowest complian-
ce with GAT was detected in DCT. DCT was me-
asured by GAT in our study of 2.19 ± 2.24 mmHg 
in the patient group and 2.56 ± 1.94 mmHg in 
the control group. This has already been shown 
in some studies (20,21). In a study by Broman 
et al comparing DCT and GAT in 100 eyes with 
glaucoma, DCT was measured approximately 
1.8 mm Hg higher than GAT. However, it was 
observed that both devices were compatible with 
each other (20). Our study showed excellent 
agreement between DCT and TP (0.9 in both pa-
tient and glaucoma group), although there was 

an agreement between DCT and GAT. TP can 
be used as an alternative to irregular, scarred 
and oedematous corneas. It is a hand tonometer 
which is easy to use, does not need biomicrosco-
pe and can measure quickly, especially reducing 
the disadvantages of GAT. In many studies, TP 
and GAT compliance has been demonstrated in 
individuals with normal IOP (8,13,24). We have 
found a moderate agreement between GAT and 
TP in our study. However, we found that the com-
patibility of the TP with the other two tonometers 
was greater than that of the GAT (highest compli-
ance with DCT). 
One of the disadvantages of our study is lack of 
a group that 2 modified corneal thickness by the 
effect of excimer laser. We cannot show the best 
way of measuring intraocular pressure in these 
patients.
In conclusion, the ability to measure IOP inde-
pendently of corneal thickness is important in the 
definition of glaucomatous disease in eyes under-
going refractive corneal surgery, in cases where 
CCT cannot be measured, or in conditions that 
cause thinning and thickening of corneal. Hence, 
tonometers that are not affected by CCT come to 
the forefront in IOP measurements in these cases. 
In our study, it was observed that the compliance 
between DCT and TP was well, and both devices 
were unaffected by CCT. A strong compliance 
between NCT and GAT has been observed, and it 
can be said that NCT can be used instead of GAT. 
Both tonometers were shown to be affected by 
CCT in our study.
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ABSTRACT

Aim To investigate association of factor V Leiden, prothrombin 
G20210A, MTHFR C677T and PAI-1 4G/5G polymorphisms with 
recurrent pregnancy loss in Bosnian women. 

Methods A total of 60 women with two or more consecutive mis-
carriages before 20 weeks of gestation with the same partners and 
without history of known causes or recurrent pregnancy loss were 
included. A control group included 80 healthy women who had 
one or more successful pregnancies without history of any com-
plication which could be associated with miscarriages. Genoty-
ping of factor V Leiden, prothrombin G20210A, MTHFR C677T 
and PAI-1 4G/5G polymorphisms were performed by polymerase 
chain reaction/restriction fragments length polymorphism method 
(PCR/RFLP).

Results Both factor V Leiden and MTHFR C677T polymorphisms 
were significantly associated with recurrent pregnancy loss (RPL) 
in Bosnian women while prothrombin G20210A and PAI-1 4G/5G 
polymorphisms did not show strongly significant association. 

Conclusion The presence of thrombophilic polymorphisms may 
predispose women to recurrent pregnancy loss. Future investiga-
tion should be addressed in order to find when carriers of those 
mutations, polymorphisms should be treated with anticoagulant 
therapy.

Key words: thrombophilia, habitual abortions, gene polymorphi-
sms
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INTRODUCTION 

Thrombophilia represents acquired and/or genetic 
condition that predisposes individuals to venous 
and arterial thrombosis (1). Recently, hereditary 
thrombophilia has gained a lot of attention as a 
risk factor for pregnancy complications (2). Pre-
gnancy is a physiological hypercoagulable state 
and it is known that disturbance in coagulation 
cascade may contribute to serious pregnancy com-
plications such as preeclampsia, foetal growth re-
striction, placental abruption and pregnancy loss 
(2). Recurrent miscarriage is a common health 
problem and is defined as two or more pregnancy 
losses before 20 weeks of gestation (3,4). 
The most extensively studied inherited throm-
bophilic factors that could be involved in re-
current miscarriage are the polymorphisms of 
G20210A prothrombin gene, G1691A of factor V 
gene (Factor V Leiden) and 4G/5G polymorphi-
sm of PAI-1 gene (5). 
Factor V Leiden is common mutation G→A in 
the nucleotide position 1691 in the factor V gene 
and causes activated protein C (APC) resistance, 
which accounts for most cases of venous throm-
bosis and recurrent miscarriage (6,7).
A central factor of coagulation cascade is coagu-
lation factor II or thrombin coded by prothrom-
bin gene. Its precursor is prothrombin which is 
cleaved and thus activated through the action of 
coagulation factor X (8). The clinical expression 
of prothrombin-related thrombophilia is variable 
(9). It may increase the risk for pregnancy loss but 
many individuals heterozygous or homozygous 
for the 20210G>A polymorphism never develop 
thrombosis, while most heterozygotes who deve-
lop thrombotic complications remain asymptoma-
tic until adulthood (9). There is a number of studies 
showing an increased risk of recurrent miscarriage 
in women with inherited factor V Leiden and prot-
hrombin G20210A polymorphisms (10-12).
The MTHFR C677T polymorphism is commonly 
associated with hyperhomocysteinemia and it re-
sults in an alanine to valine substitution in the 
predicted catalytic domain of the enzyme (13). 
Through its effect on total homocysteine levels, 
MTHFR C677T polymorphism has been impli-
cated as a risk factor in the pathogenesis of re-
current miscarriages (14). This was highlighted 
by findings that the prevalence of homozygous 
variants of MTHFR C677T polymorphism was 

higher among women with more than three idio-
pathic recurrent miscarriages (15). 
Type I plasminogen activator inhibitor (PAI-1) is 
the predominant inhibitor tissue and urinary type 
activator. The commonly studied functional vari-
ant in the PAI-1 gene is 1-bp guanine insertion/
deletion polymorphism at position -675 nucleo-
tides relative to the transcription start site (16). 
According to role of PAI -1 gene in fibrinolysis 
it was suggested that it is involved in etiology of 
intrauterine foetal death, intrauterine growth re-
striction, preterm placental abruption, recurrent 
miscarriage and preeclampsia (17). 
The aim of this study was to investigate associa-
tion of factor V Leiden G1961A, prothrombin 
G20210A, MTHFR C677T and PAI-1 4G/5G 
polymorphisms with recurrent miscarriage in a 
group of women of the Bosnian population. This 
research was motivated by lack of information on 
this topic in Bosnia and Herzegovina.

PATIENTS AND METHODS 

Patients and study design

This prospective study included 60 women atten-
ded to the IVF Centre Dr Balic Tuzla, the Gyna-
ecology Polyclinic ’Korak do života’ Tuzla, and 
Gynaecology and Obstetrics Department of the 
University Clinical Centre Tuzla during the peri-
od between September 2014 and February 2017. 
Inclusion criteria were two or more consecutive 
miscarriages before 20 weeks of gestation with the 
same partners and without history of known cau-
ses or recurrent pregnancy loss (RPL) (chromoso-
mal defect, chronic disease, infection, hormonal 
impairment, thromboembolic disease and other 
anatomical anomalies and complications of geni-
tourinary tract which could cause miscarriage). 
Four of 60 women  (median age 33.05 years, 
range 17-45 years) had two or three pregnancy 
losses after ten weeks of gestation, 56 had pre-
gnancy loss before ten weeks. 
The control group consisted of 80 healthy wo-
men attended to the same institutions for regular 
follow up (median age 34.08 years, range 19-55 
years) who had one or more successful pregnan-
cies without history of any complications which 
could be associated with miscarriages. 
All cases and controls were fully informed about 
the study protocol by the main investigator and 
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have agreed to participate in the study by signing 
the written consent. The study was approved by 
the Ethics Committee of the University Clinical 
Centre Tuzla.

Methods 

Genomic DNA was extracted from blood using the 
commercial FlexiGene DNA Isolation Kit (250) 
(Qiagen GmbH, Hilden, Germany) in the Labora-
tory of Genetic, Biology Department of the Faculty 
of Natural Sciences and Mathematics, University 
of Tuzla. Genotyping of factor V Leiden, prothrom-
bin G20210A, MTHFR C677T and PAI-1 4G/5G 
polymorphisms was performed by polymerase cha-
in reaction/restriction fragments length polymorp-
hism method (PCR/RFLP) according to previously 
described protocols (18-21). The genotypes were 
determined by electrophoresis in 4.0% agarose 
gel (Sigma Aldrich Chemie GmbH, Münich, Ger-
many) stained with Ethidium bromide (Sigma Al-
drich Chemie GmbH, Münich, Germany). 

Statistical analysis

Frequencies of allele and genotypes were com-
pared by χ2 test. For all mutations, the odds ra-
tio (OR) and their 95% confidence intervals (CI) 
were calculated according to McHugh (22) to 
estimate the risk for recurrent miscarriage for 
carriers of investigated polymorphisms. Statisti-
cal significance was set as p<0.05. 

RESULTS 

The allele frequencies of factor V Leiden were 
significantly higher in RPL patients than in con-
trols, 7.5% and 3.75%, respectively (p=0.021). 
The mutant homozygous carriers of FVL were 
not identified. The presence of A allele of FVL 
was associated with four times higher risk of re-
current miscarriage in RPL patients [OR (95% 
CI) =4.243 (1.123 – 16.029)] (p=0.033).
Distribution of allele A of prothrombin G2021A 
was not significantly different in RPL patients, 
2.5%, than in controls, 0.63% (p=0.190). The 
risk of RPL was four times higher in carriers of 
A allele of prothrombin G2021A polymorphism 
[OR (95 CI) =4.076 (0.418 – 39.690)] (p=0.226). 
Higher frequencies of T allele of MTHFR C677T 
polymorphism in RPL patients than in controls, 
39.1% and 25%, respectively, (p=0.016) were fo-
und, and its association with recurrent miscarri-
age is nearly two times higher than C allele [OR 
(95 CI) =1.772 (1.074 – 2.925)] (p=0.025). 
In this study we did not find an association betwe-
en 4G/5G and 4G/4G genotypes of PAI-I 4G/5G 
polymorphism with recurrent pregnancy loss in 
Bosnian population [OR (95 CI) =1.559 (1.790 – 
3.075] (p=0.199). The frequencies of 4G allele and 
5G allele were not significantly different between 
RPL patients and controls (p=0.073) (Table 1). 

*for wild-type vs. heterozygous + homozygous; RPL, recurrent pregnancy loss; OR, odds ratio; CI, confidence interval;

Table 1. Allele and genotype frequencies of factor V Leiden (FVL), prothrombin G20210A, MTHFR C677T 
and PAI-1 4G/5G polymorphism

Gene  polymorphism Genotypes and Alleles RPL n (%) Controls n (%)
OR*

p
(95% CI)

FVL (G1961A)

Wild type G/G 51 (85%) 77 (96.25%) 4.529
0.028Heterozygous G/A 9 (15%) 3 (3.75%) (1.169 – 17.537)

Homozygous A/A - -
Allele G 111 (92.5%) 157(98.12%) 4.243

0.033
 Allele A 9 (7.5%) 3 (1.88%) (1.123 – 16.029)

Prothrombin G20210A

Wild type G/G 57 (95%) 79 (98.75%) 4.157
0.222Heterozygous G/A 3 (5%) 1 (1.25%) (0.421-41.005)

Homozygous A/A - -
Allele G 117 (97.5%) 159 (99.37%) 4.076

0.226
 Allele A 3 (2.5%) 1 (0.63%) (0.418– 39.690)

MTHFR C677T

Wild type C/C 22 (36.66%) 47 (58.75%) 2.460
Heterozygous C/T 29 (48.34%) 26 (32.5%) (1.235 – 4.896) 0.010
Homozygous T/T 9 (15%) 7 (8.75%)

Allele C 73 (60.83%) 120 (75%) 1.931 0.011
 Allele T 47 (39.17%) 40 (25%) (1.157 – 3.223)

PAI-I 4G/5G

Wild type 5G/5G 31 (51.66%) 50 (62.5%) 1.559
0.199Heterozygous 4G/5G 22 (36.66%) 28 (35%) (0.790 – 3.075)

Homozygous 4G/4G 7 (11.68%) 2 (2.5%)
Allele 5G 84 (70%) 128 (80%) 1.714

0.054
 Allele 4G 36 (30%) 32 (20%) (0.989 – 2.971)
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DISCUSSION

Despite the fact that many case-control studies 
have reported association between RPL and he-
reditary thrombophilia, the results are heteroge-
neous and the nature of this association has not 
been clarified yet (23). In our study we found that 
factor V Leiden and MTHFR C677T polymorp-
hisms were significantly associated with RPL in 
Bosnian women, while prothrombin G20210A 
and PAI-1 4G/5G polymorphisms did not show 
significant association.
Factor V Leiden is reported as a common inheri-
ted risk factor for RPL, with the incidence range of 
8-32% in patients and 4-10% in controls (24, 25). 
Estimated frequencies of FVL allele and genotypes 
in our research significantly differ between RPL 
patients and controls. According to the odds ratio 
(OR), we found that the presence of A allele of 
FVL was associated with a nearly four times higher 
risk of recurrent miscarriage in RPL patients. On 
the other hand in recent study of association betwe-
en FVL and pregnancy loss in Bosnian women it is 
not confirmed (26). This discrepancy in the results 
of those two Bosnian studies could be explained 
by the fact that in our patients group two women 
were heterozygous carriers with close relatives 
with confirmed hereditary thrombophilia caused 
by FVL mutation. In summarised meta-analyses 
studies FVL mutation is recognised as significant 
risk factor for RPL with increased level of risk 
with OR≥2 for FVL carriers (2,11). Our results are 
congruent with those studies where frequencies of 
FVL were significantly higher in RPL patients than 
in controls. On the other hand other studies (7) did 
not find strong association between FVL and RPL.
The findings of this study have demonstra-
ted lower frequencies of prothrombin G2021A 
polymorphism  than FVL, MTHFR C677T and 
PAI-1 4G/5G polymorphisms. According to the 
literature, the relative risk for thrombosis is twi-
ce higher in individuals with the PT G2021A 
polymorphism (7). In this study the presence of 
A allele showed four times the risk for thrombo-
sis event. The frequency of heterozygous carriers 
of PT G2021A polymorphism reported here was 
similar to its prevalence in Britain, Italian and 
Greece RPL patients (27). Alifirevic et al. (28) 

reported the same frequency rate of PT G20210A 
polymorphism in patient and controls. Lack of 
effect of inherited thrombophilia in women with 
recurrent pregnancy loss has been reported (29). 
Recently, MTHFR C677T polymorphism has 
been put in focus of investigation of genetics 
causes of recurrent pregnancy loss (30). In this 
research we found significant association betwe-
en MTHFR C677T polymorphism and recurrent 
pregnancy loss. Similar results were reported by 
Torabi et al. (31). Several other studies confirmed 
the role of MTHFR C677T polymorphism in pre-
gnancy complications as preeclampsia, placental 
infarcts, foetal growth restriction (32, 33). Alt-
hough, there have been many confirmed results 
about MTHFR C677T polymorphism influence 
on recurrent pregnancy loss, its exact role rema-
ins unexplained (33). 
In a meta-analysis study which included 4306 ca-
ses and 3076 controls it is suggested that the PAI-
1 4G/5G polymorphism might be associated with 
recurrent miscarriages in Caucasians (34). On the 
contrary, in other meta-analyses conducted by Su 
et al. (35) associations of PAI-1 4G/5G with RPL 
were not found. Our study did not reveal any 
correlation of PAI-1 4G/5G polymorphism with 
the risk of recurrent pregnancy loss. 
According to data literature we can conclude that 
there were contradictions in results among studies 
of PAI-1 4G/5G associations with RPL. This could 
be caused by high clinical heterogeneity and diffe-
rence in sample sizes between various studies. 
In conclusion, current results of the studies which 
confirmed the role of multiple inherited throm-
bophilic defects in adverse pregnancy outcomes 
indicate the necessity of prevention of RPL in a 
way to calculate anticoagulant therapy according 
to individual expected risk of each patient.
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ORIGINAL ARTICLE

Aydın Yildiz

ABSTRACT

Aim To investigate the association between the incidence of con-
genital nasolacrimal duct obstruction (CNDO) and delivery by ca-
esarean section or spontaneous vaginal labour.

Methods A total of 40 patients who were diagnosed as CNDO and 
treated with lacrimal probing between January 2011 and Febru-
ary 2013 were reviewed retrospectively. The patients were divided 
into two groups: group 1 (caesarean section delivery) and group 2 
(spontaneous vaginal delivery). 

Results  A total of 22 patients delivered by caesarean section (gro-
up 1) were compared with 18 patients delivered by spontaneous 
vaginal labour. There were 10 male (45%), 12 female (55%) pa-
tients in group 1 and  nine (50 %) males, nine females (50 %) 
patients in group 2. The mean age of  group 1 was 14.85 months 
(12-22 month) and group 2  was 15.20 months (12-23 month). 
Mean birth time was 38.1 week (36-40 week) in group 1 and 39.4 
week (38-41 week) in group 2. There was no statistically signifi-
cant difference between the age, gender and birth time between the 
groups (p>0.05). There was no statistically significant difference 
between the way of delivery (caesarean section or spontaneous va-
ginal delivery) and the incidence of CNDO  (p>0.05).

Conclusion Congenital nasolacrimal duct obstruction was found 
less frequently among the patients delivered by vaginal delivery 
comparing to the patients with caesarean delivery, however this 
difference was not statistically significant. It is considered that, 
with the studies which include more patients, the difference may 
become significant.   

Key words: epiphora, probing, nasolacrimal duct obstruction, 
congenital
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INTRODUCTION

Congenital nasolacrimal duct obstruction (CNDO) 
is a frequently seen condition, with prevalence 
between 1.8% and 20%  in newborns (1). Conge-
nital nasolacrimal duct is generally blocked with a 
thin mucosa membrane (Hasner’s valve) in inferior 
meatus. It is thought that congenital CNDO occurs 
as a result of a canalization fault in columnar 
epithelial cells that form duct (2-4). The patients 
usually come with epiphora, mucous discharge 
accumulated at the side of eyelashes, and conjunc-
tivitis, as well as occasional redness and swelling 
in lacrimal sac area related to acute dacryocystitis 
attacks in the first month after the birth. Until 12 
months, approximately 85% of the patients reco-
ver from epiphora without any treatment (5). In 
some studies, it is reported that it may delay up to 
24 months to open completely (3,4).  For the cases 
that do not recover without treatment in the first 
few months, massage to lacrimal sac and antibiotic 
drops may be useful (1,3). In cases where such tre-
atments are ineffective, probing, bicanalicular si-
licone intubation, and dacryocystorhinostomy are 
the other treatment methods (4,5). In these cases, 
the aim of probing is to reach distal end of nasola-
crimal duct and to pierce the membrane that cause 
blockage (4,5). There is no common opinion about 
the timing of probing for CNDO. The specialists 
who advocate for probing in the first year claim 
that late probing increases the risk of infection and 
causing a scar in canalicular system and reduces 
the success of subsequent probings (6).
At our clinic, we try to open blockage of the pa-
tients with CNDO diagnosis between 12th to 24th 
months after birth using probing according to their 
date of diagnosis. In our study, patients who were 
diagnosed with CNDO and then applied probing at 
our clinic were reviewed retrospectively no matter 
if they were born with Caesarean section or vaginal 
delivery. We aimed to know the impact of physio-
logic changes that happen during vaginal delivery 
on nasolacrimal duct, thus to Hasner’s valve. 
The aim of this study was to investigate the im-
pact of the delivery methods (vaginal or caesare-
an) on CNDO.

PATIENTS AND METHODS

Patients and study design

All patients attended to Ophthalmology Clinic of 
Şanlıurfa Balıklıgöl State Hospital with CNDO 

symptoms and clinical findings, and those who 
were treated with lacrimal probing between Ja-
nuary 2011 and February 2013 were included in 
the study. The patients’ records were reviewed 
retrospectively. Patients under 12 months of age 
were treated with lacrimal massage and antibio-
tic therapy. Probing was applied under general 
anaesthesia in patients who were unresponsive 
to massage and antibiotic therapy. The patients 
were divided into two groups according to the de-
livery way: group 1 (caesarean section delivery) 
and group 2 (spontaneous vaginal delivery).

Methods 

Disappearance of fluorescein test was applied to 
suspicious cases. One drop of fluorescein soluti-
on (2%) was placed into conjunctival sac of both 
eyes. Even after five minutes, uncleaned paint in 
tear pool was evaluated in favour of obstruction. 
Before probing, medical and surgical history of 
patients was questioned and full ophthalmologic 
examination was conducted.  All the cases were 
examined at our ear nose throat service, to check 
the presence of any pathology in nasal cavity and 
inferior meatus region before the operation. Pro-
bing was applied after the treatment in cases with 
other pathologies (rhinorrhoea and tonsillitis). 
Probing was applied to the patients older than 
one year of age. Th operation was conducted un-
der general anaesthesia (inhalation anaesthesia) 
and in surgery room conditions. 
Technically, a probe was pushed forward from 
superior punctal dilatation to ampulla vertically, 
then turned to horizontal plan 90 degree, and to 
avoid a lap in canalicul, superior lid was pulled 
toward lateral. The probe was pushed forward 
until lacrimal sac wall (until reaching a bone). At 
this stage, the probe was pulled back and direc-
ted to down 90 degree and pushed forward until 
membrane rupture was sensed. After probing, 
lavage was done with diluted antiseptic solution 
(povidone iodine). Passage clarity was checked 
by oxygen catheter placed in inferior meatus with 
sucking antiseptic solution. For the cases with 
obstruction in both channels, probing was appli-
ed to both eyes in the same session. 
Postoperatively, for one week tobramycin eye 
drop and fluorometholone drop were applied 
five times a day, and for 3 days, respectively, 
nasal decongestant spray three times. During the 
follow-up, the families were asked if there was 
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still any lacrimation or not. Ophthalmologic exa-
mination and disappearance of fluorescein test 
were done. Probing was accepted as successful 
only for the cases with no lacrimation and exa-
minations without epiphora and normal paint 
disappearance during of fluorescein test. For the 
cases with obstruction after the first probing, it 
was repeated after two months. The cases with 
obstruction after the second probing were trac-
ked to apply bicanalicular tube intubation  and 
dacryocystorhinostomy. 

Statistical analysis

Data entry and statistical evaluation were done 
using χ2 test in order to compare the effect of cae-
sarean section and vaginal delivery on CNDO pa-
tients. Statistical significance was set up at p˂0.05.

RESULTS

The records of 40 probing patients with CNDO 
who were operated between Jan 2011 and Feb 
2013 were analysed retrospectively. The patients 
born with caesareans delivery were in first group 
while the ones with vaginal delivery were in the 
second. The number of patients in the first group 
was 22 (55%) and 18 (45%) in the second one. 
There was no statistically significant difference 
between the way of delivery (caesarean section or 
spontaneous vaginal delivery)  (p=0.52) . There 
were 10 male (45%) and 12 female (55%) patients 
in group 1, and nine (50 %) male and nine female 
(50 %) patients in group 2. The mean age of  group 
1 was 14.85 months (12-22 month) and group 2  it 
was 15.20 months (12-23 month). There were also 
no statistically significant differences between the 
age and gender of the groups (p>0.05). The ave-
rage age of probing varied between 12-18 month 
and 12-20 month, and the average probing age was 
13.75 month and 14.50 month, in the group 1 and 
2, respectively (p>0.05). The effect of two diffe-
rent delivery methods on CNDO showed a small 
difference between two groups with no significant 
difference (p>0.05).

DISCUSSION

There are many studies related to the treatment 
methods of the CNDO, (7-13) but there is a li-
mited number of studies on the etiopathogenesis 
of the disease (14,15). No evidence was found 
about any relation between obstruction and sex 

predilection, age of the mother, x-ray exposure 
and drug intake during pregnancy, geographical 
and environmental features, smoking status and 
education of the parents (10). Aldanash et al. 
found that infection during pregnancy is a sta-
tistically significant risk factor, but they did not 
indicate a specific infection (11). However some 
studies have found genetic predisposition among 
CNDO patients, but  there are different opinions 
about inheritance of the disease. Aldanash et al. 
found an association between CNDO and family 
history documented higher rate among first de-
gree siblings (11). Also, Yie  et al. suggested spo-
radic or multifactorial mode of inheritance (12). 
On the other hand, Barham et al. argued the inhe-
ritance of CNDO (13). 
In 2015, Zhang et al. reported that there was an 
enlargement of bony nasolacrimal duct (14). They 
showed that in patients who have unilateral CNDO  
transversal - vertical diameters and areas of bony 
nasolacrimal duct on the affected side increased si-
gnificantly compared with those on the unaffected 
side by CT scans. The bony lacrimal duct is soft in 
childhood. Therefore, when the nasolacrimal duct 
is obstructed, pressure increase causes enlargement 
of the bony nasolacrimal duct on the affected side. 
This situation is caused by continuous  increase 
in hydrostatic pressure within the lacrimal duct. 
Hydrostatic pressure in the nasolacrimal duct  
increases with age and this may play a positive role 
in self-healing of patients by age (15).
In this study, we were curious about physiolo-
gical effects of increased external pressure on 
opening the valve of Hasner during vaginal de-
livery. For that reason we compared the two de-
livery methods (caesarean and vaginal delivery) 
among patients who had probing applied and fo-
und minor difference between the two groups (no 
statistically significant difference). We were not 
able to compare our results because there were 
no similar studies. We believe that further studies 
with larger patient population may give different 
results. 
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ABSTRACT

Aim To demonstrate the effects of early diagnosis of overuse syn-
drome in the wrist on healing, pain intensity and quick recovery to 
daily work and sport activities.

Methods This clinical retrospective study included 60 patients of 
both sexes aged from 22 to 44 years, with pain in the wrist and 
clinical signs of creeping tenosynovitis. Patients were divided into 
two groups: the first group - persons doing sports activity, and the 
second group - patients who did not deal with sports activities.

Results Females in 31 (51.7%) cases compared to males with 29 
(48.3%) were slightly more represented in the total sample. Pati-
ents with injuries due to sports activities had previously reported 
to the physician and the diagnosis was set at an average of 3.1±0.9 
days after the first symptoms (the range of 2-5 days), compared 
to the patients of the second group whose diagnosis was set at an 
average of 4.7±1.1 days after the first symptoms (p <0.05).

Conclusion Patients involved in sports activities were more mo-
tivated for faster recovery, they had earlier doctor’s examination 
with rapid reduction of subjective symptoms during intensive 
physical therapy. 

Key words: forearm tendinitis, overstretch, inflammation, con-
servative therapy over-use syndrome, early diagnosis, pain, wrist 
joint
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INTRODUCTION 

Over-use syndrome occurs as a consequence of re-
petition of similar movements over a long period 
of time, especially bending and protrusion move-
ments in the wrist and hand. Performing repeated 
movements in the forearm and hand wrist, espe-
cially dorsiflexion, if performed under force-load 
may result in a collision syndrome on the dorsal 
side of the radiocarpal joint (1,2). Most commonly 
it is seen in people who over-use the wrist in every 
day work, as well as in sports activities (3,4). The 
pain that increases when the wrist is in the starting 
amplitude of the range of motion is the most pro-
nounced symptom. The affected tendon is hard, the 
skin above the tendon is red and warm if the stra-
in lasts longer. Responsive tendon inflammation 
occurs after repeating activity in flexion and exten-
sion. When patients fix the wrist, and then flex and 
extend the fingers, they can feel palpatory crepita-
tions from the dorsal and proximal side of the wrist 
(5,6). De Quervain’s disease is traumatic tenosino-
vitis of the extensor pollicis brevis and abductor 
pollicis longus muscle due to scraping between 
their tendons. Pain occurs when the thumbs are 
pushed away and aside resulting in tendon irrita-
tion. Incidence is higher in women probably due 
to the greater range of motions in the thumb espe-
cially further to the side when micro traumas are 
produced (7). The basic symptom of over-use syn-
drome is pain that can be of varying intensity, from 
mild, after activity, to permanent that prevents any 
activity (8,9). Pain is enhanced by flexing the hand 
to the thumb and can spread to the thumb or to the 
forearm side of the thumb. A characteristic symp-
tom is also a reduction in the strength of the hand. 
Patients complain about the appearance of severe 
pain when lifting very light weight, such as raising 
cups of coffee or tea (10). Fluid or connective tissue 
in a tightly framed channel leads to higher pressure 
on other structures, from which the most sensiti-
ve is the central nerve (11,12). The most common 
pain occurs in the movement of the ulnar deviation 
(moving the fingers to the side to the small finger) 
with the over-use of the thumb (13). For diagnosis, 
a “Filkenstein test” is applied when the thumb is 
placed in the palm of a hand and closed with fin-
gers, passive ulnar deviation is done with strong 
pain that shows above the radial styloid (3,14,15). 
The „rowing“ forearm is present at the point where 
the tendons of extensor pollicis brevis and abduc-

tor pollicis longus muscle cross over the extensor 
carpi radialis longus and extensor carpi radialis 
brevis muscle (16). The name of the syndrome 
most often occurs in rowing boats sportsmen and 
kayakers, and sometimes even in tennis players, 
weight lifters and athletes who deal with throwing 
disciplines (17,18). Strong crepitations from the 
radial side of the forearm with reduced strength of 
the hand are the most characteristic symptoms of 
this syndrome (19). Both syndromes include the 
inflammatory condition of the tendon in the fore-
arm and wrists (20). Based on a detailed anamnesis 
and clinical examination with specific clinical te-
sts, the early diagnosis is possible (21,22). In cli-
nical presentation oedema, palpatory pain on the 
radial side of the forearm at about 4 cm above the 
wrist, and in the case of advanced stage, redness 
and crepitations from the radial side of the forearm 
with reduced force of the hand are present (5,6). 
Clinical examination can show functional changes 
in active and passive mobility of the wrist, someti-
mes even the presence of effusion in the joint, local 
signs of inflammation, or haemathoma (23). Stan-
dard X-ray of the wrist is in most cases normal. It 
is designed to detect some damage or deformati-
on of the wrist, and in a small number of cases, 
it can show calcifications or degeneration changes 
(24). The ultrasound examination may identify 
focal hypoechoic areas within the tendons that are 
thickened and around which traces of effusion as 
well as calcification in musculoskeletal structures 
can be found (1,18) Ultrasonic diagnostics today is 
an unavoidable diagnostic method for the diagno-
sis of tendinitis and similar conditions (25). The 
significance of ultrasonic diagnostics increases 
during a dynamic examination like muscle inspec-
tion during contraction and relaxation or tendon 
inspection during passive or active stretching. For 
the proper treatment, it is most important to mo-
dify or stop activities that cause the symptoms. It 
is necessary to avoid repeated movements in the 
wrist (7,8). The orthoses that are used in the tre-
atment immobilize the thumb and the wrist (26). 
In the first phase of the rehabilitation program, cri-
otherapy and non-steroidal antireumatics are used. 
In the second stage, kinesiotherapy exercises help 
eliminate the symptoms (15,16). Early diagnosis 
of the syndrom is important for the treatment that 
should be started as early as possible. With con-
servative treatment, healing is achieved in about 
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85-90%. Surgical treatment is rarely applied and 
is reserved for resistant painful overcapacity and 
recurrences most commonly in specific sports (19).

PATIENTS AND METHODS

Patients and study design

This clinical, retrospective study included 60 pa-
tients (aged 22 to 44) who had clinical signs of 
tendon inflammation in the wrist, who were ad-
mitted and treated at the Orthopaedics and Trau-
matology Clinic of the University Clinical Centre 
of Sarajevo during 2016.
The analysed parameters included age, gender, 
pain perception (visual-analogue scale), duration 
of the immobilization, and physical therapy. Visu-
al-analogue (VAS) scale is a measurement instru-
ment that tries to measure a characteristic or attitu-
de that is believed to range across a continuum of 
values and cannot be easily measured directly. For 
example, the amount of pain that a patient feels 
ranges across a continuum from none to an extre-
me amount of pain. From the patient’s perspecti-
ve this spectrum appears continuous ± their pain 
does not take discrete jumps, as a categorization of 
none, mild, moderate and severe would suggest. 
It was to capture this idea of an underlying con-
tinuum that the VAS was devised. VAS is usually 
a horizontal line, 100 mm in length, anchored by 
word descriptors at each end. The patient marks 
on the line the point that they feel represents their 
perception of their current state. The VAS score 
was determined by measuring in millimetres from 
the left hand end of the line to the point that the 
patient marks (27,28). For pain intensity, the scale 
is most commonly anchored by “no pain” (score 
of 0) and “pain as bad as it could be” or “worst 
imaginable pain” (score of 100; 100-mm scale). A 
higher score indicates greater pain intensity. Based 
on the distribution of pain VAS scores in postsur-
gical patients (knee replacement, hysterectomy, 
or laparoscopic myomectomy) who described 
their postoperative pain intensity as none, mild, 
moderate, or severe, the following cut points on 
the pain VAS have been recommended: no pain 
(0 – 4 mm), mild pain (5– 44 mm), moderate pain 
(45–74 mm), and severe pain (75– 100 mm) (11). 
Normative values are not available.  
Patients were classified into two groups: group 
I - 30 patients who had sustained sports-related 

symptoms, and group II - 30 patients who had su-
stained non-sport related symptoms. A side of the 
upper extremity without symptoms was in both 
groups of patients used to take control parame-
ters, and thus, an exact functional result could be 
obtained without the possibility of any positive 
or negative variation. 

Methods

All data for this research were gathered throu-
gh patient protocols of the Outpatient Clinic of 
the Clinic for Orthopaedics and Traumatology. 
After the first examination by the orthopaedic 
surgeon, all patients included in this research had 
ultrasound examination of the forearm and wrist 
that confirmed diagnosis of the over-use syn-
drome. After the initial conservative treatment 
with immobilization by orthopaedic surgeon that 
showed regression of the subjective symptoms, 
all patients underwent physical therapy at the 
Clinic for Physical Medicine and Rehabilitation. 

Statistical analysis

The results are presented in tables and graphs 
through the number (percentages) of patients, 
arithmetic mean with standard deviation and ran-
ge of values. The comparison between the two 
groups of patients was performed using the χ2 
test, Student-t test, Pearson correlation coeffici-
ent and analysis of variance results of all tests. 
Tests were considered significant with reliability 
of 95% (p <0.05). 

RESULTS

Females were slightly more represented in the to-
tal sample comparing to males, 31 (51.7%) and 29 
(48.3%), respectively. An analysis by the groups 
showed that although males were slightly more 
represented in the group of injuries due to sports 
activities, females in the group with injuries resul-
ting from professional activities did not show si-
gnificant difference between the groups (p=0.303). 
The sample was homogenous by gender (Table 1).

No (%) of patients

Gender Group I
sport activities

Group II
professional activities Total

Males 16 (53.3) 13 (43.3) 29 (48.3)
Females 14 (46.7) 17 (56.7) 31 (51.7)
Total 30 (100) 30 (100) 60 (100)

Table 1. Distribution of the patients by gender

p=0.303
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The average age in the total sample was 31.8 ± 
5.9 years and ranged from 22 to 44 years. Patients 
in group I were slightly younger than the average 
age, of 30.7 ± 5.9 years (range 22-44 years), and in 
group II they were slightly older with an average 
age of 32.8 ± 5.8 years (range 25-44) (p>0.171).
Patients with injuries due to sports activities 
(group I), that reported to the Clinic immediately 
after the injury and the diagnosis was established 
(on average) 3.1±0.9 days after the injury (range 
2-5 days), were compared to patients with inju-
ries due to professional activities (group II) with 
diagnosis established (on average) 4, 7 ± 1.1 days 
after the injury. Statistical analysis suggests a 
marked difference in the injury-diagnosis period 
between the groups (p <0.05).
Most of the injuries in both groups were on the 
right side of the body, in 22 (73.3%) and 20 
(66.7%) patients, respectively (p>0.05).
The duration of immobilization in total sample ave-
raged 13.8±1.5 days (range 10-20 days), and it was 
slightly longer in group II with an average of 14±2.5 
days (range 10-20 days) in relation to group I,  with 
an average of 13.5±1.5 days (range 10-15 days) (p> 
0.05). The duration of physical therapy in the total 
sample was 14.2±3.04 (range 5-20) and was stati-
stically significantly shorter in group II with an ave-
rage of 13±3.6 days (range of 5-20 days) in relation 
to the group I with an average duration of 15.4±1.6 
days (range 14-20 days) (p <0.05) 
Analysis of pain perception through VAS scale 
showed that the score of the pain was almost the 
same in both groups at the beginning, 7.4±0.5 in 

group I and 7.3±0.8 in group II. After 4 weeks a 
significant difference (p <0.05) was observed in 
terms of significantly less pain score in the group 
I, 3.9±0.5 comparing to group II, 4.4 ± 0.6. Simi-
larly, the analysis of the reduction in the grade of 
pain (initial 4 weeks) showed a greater decrease 
(p<0.05) in the group I, 3.5±0.7 compared to the 
group II, 2.9±0.9 (Table 2).

VAS score
Pain perception/
reduction

Group of 
patients* N X SD SEM Min Max

At the beginning 
of the treatment  
(p=0.427)

I 30 7.433 .5371 .0981 6.0 8.0
II 30 7.290 .8214 .1500 4.5 8.5

Total 60 7.362 .6919 .0893 4.5 8.5

After 4 weeks
 (p=0.003)

I 30 3.967 .5074 .0926 3.0 4.5
II 30 4.417 .6029 .1101 3.5 5.5

Total 60 4.192 .5973 .0771 3.0 5.5
VAS pain
reduction
p=0.007

I 30 3.4667 .68145 .12441 2.00 4.50
II 30 2.8733 .94793 .17307 .00 4.00

Total 60 3.1700 .87145 .11250 .00 4.50

Table 2. Analysis of pain perception/reduction score using the 
Visual-analogue scale (VAS)

*group I, patients who had sustained sports-related symptoms; group 
II, patients who had sustained non-sport related symptoms;
N, number of patients; X, variable; SD, standard deviation; SEM, stan-
dard error of the mean; Min., minimal value; Max., maximal value;

Variable Time from injury to 
diagnosis 

Duration of
immobilization 

Duration of physical 
therapy 

VAS pain score
at the beginning

VAS pain score
after 4 weeks

Duration of
immobilization (days)

r* 0.233
p† 0.089
N 54

Duration of physical 
therapy (days)

r* -0.236 0.168
p† 0.089 0.221
N 53 55

VAS pain scale at the 
beginning

r* -0.040 -0.215 -0.142
p† 0.770 0.105 0.291
N 56 58 57

VAS pain scale after 
4 weeks

r* 0.395‡ 0.049 -0.053 0.092
p† 0.003 0.715 0.696 0.485
N 56 58 57 60

VAS pain reduction
r* -0.294¶ -0.220 -0.067 0.731‡ -0.612‡
p† 0.028 0.098 0.619 0.000 0.000
N 56 58 57 60 60

Table 3. Correlation according to the time period from the injury to diagnosis

The statistically significant correlation according 
to the time period from the injury to diagnosis 
was recorded according to the VAS pain score af-
ter 4 weeks (r=0.395; p=0.003) in the sense that 
the respondents who were later evaluated had a 
higher grade of pain after 4 weeks. Significant 
negative correlation was also noted for VAS pain 
reduction (r = -0.294; p=0.028), suggesting that 
the grade of pain decreased less after 4 weeks in 
subjects who had a longer period of time from 
injury to diagnosis establishment (Table 3).

*r, Pearson Correlation coefficient; †Two-tailed significance test; ‡Correlation is significant at the 0.01 level (2-tailed); ¶Correlation is significant at 
the 0.05 level (2-tailed);
N, total number of patients;

Talić-Tanović et al. Efficacy of wrist over-use syndrome therapy
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DISCUSSION

Results of this study have shown that males were 
slightly more represented in the group of injuries 
due to sports activities; females mostly were in 
the group of injuries resulting from professional 
activities probably due to the greater scope of the 
movements of a thumb farther to the side (11,17). 
Physician’s help is always sought late, usually 
when pain is a major disruption to sports or 
professional activity. However, when a clinical 
picture is developing, the treatment is difficult 
and is primarily based on a shorter or longer bre-
ak or a significant reduction in the intensity of 
sports or professional activity, which is difficult 
for a patient to accept (17,18). 
The patients in this study with injuries due to 
sports activities had earlier reported for an exa-
mination. The local tissue injury is reduced by 
rest, the cooling and compression effects are im-
proved, so the healing process is better (9). 
A quality orthosis can be adjusted, it has low 
weight and appropriate strength, easy to apply 
and aesthetically acceptable (3,7,9). 
The application of various physical therapy pro-
cedures after acute healing has the purpose of 
alleviating pain and enhancing the healing of 
the affected area of tendons supplied with sen-
sory nerve endings (19). The pain is caused by 
excessive load (compression, stretching) as the 
synthesis of algogenic bioactive substances 
(lactate, catecholamine, acetylcholine, glutama-
te, substance P, prostaglandins, cytokines) is then 
increased (10,11). Pain is restricted due to the 
pain in the manual joints and forearms. Mechani-
cal load results in minor or major damage to the 
tendons of affected muscles, their bone marrow, 
and untreated and chronic patients and damage 
to the surrounding area (18). The most common 
symptoms include reduced hand function, sensi-
tivity, and pain beyond the bone muscle baseli-
ne, and pain is enhanced by the use of a hand. 
Symptoms develop gradually and worsen over 
time if the disease is not treated (7,19). One of the 
theories is that pain is caused by unsatisfactory 
tissue reactions to produce collagen, due to poor 
regeneration of the tissue. Another theory points 

out that the appearance of pain is due to newly 
created blood vessels that arise in response to the 
burden (24). Transient ischemia is a stimulus for 
nerve endings to register pain (25). 
The statistically significant correlation for the 
time period from injury to diagnosis was re-
corded according to the VAS pain scale after 4 
weeks in the sense that the respondents were la-
ter evaluated with a higher grade of pain after 4 
weeks (13,19). The results of the presented study 
have shown that the patients in the I group dea-
ling with sports activities were more motivated 
for their earlier appointment to the physician, as 
well as setting up early diagnosis and adequate 
treatment. It is primarily about painful syndro-
mes that cause the patient to go to the doctor. Me-
dical help is required almost always late, when 
pain is a major disruption to sports or professio-
nal activity (26). However, when a clinical ima-
ge of over-use syndrome develops, treatment is 
difficult and is primarily based on shorter or lon-
ger interruption or a significant reduction in the 
intensity of sports or professional activity, which 
is difficult to accept in patients (9,19). None of 
the nonoperative or surgical methods for over-
use syndrome has yielded one hundred percent 
successful results, and therefore, the importance 
of the prevention and early diagnosis, which has 
been given more attention with the individual 
approach lately (3,9,19). 
A limitation in our research was the VAS pain 
scale use since it is a subjective scale, but gene-
rally recognized pain scale.
In conclusion, over-use syndrome represents 
important condition that can disable a person in 
everyday activities and it demands multidiscipli-
nary approach in the treatment. Results of our 
research are consistent with other similar resear-
ches showing that more active patients rehabilita-
te better than the less active patients. 
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ABSTRACT

Aim To assess the relationship between the clinical sign of limited 
hip abduction and developmental dysplasia of the hip (DDH). 

Methods A research was conducted on 450 newborns at the Ne-
onatal Unit at the Clinic of Gynaecology and Obstetrics and the 
Orthopaedics and Traumatology Clinic of the University Clinical 
Centre, Tuzla, between 30th August 2011 and 30th April 2012. Cli-
nical (degree of hip abduction) and ultrasound examination of all 
newborns’ hips were performed using the Graf method on their 
first day of life. 

Results Clinical sign of limited hip abduction showed significant 
predictive value for DDH. There were 67 (14.7%) newborns with 
the clinical sign of limited hip abduction, of which 26 (5.7%) were 
on the left hip, 11 (2.4%) on the right hip and 30 (6.6%) on both 
hips. Limited hip abduction had a positive predictive value (PPV) 
of 40.3% and a negative predictive value (NPV) of 80.4% for 
DDH.

Conclusion Limited hip abduction, especially unilateral, is a use-
ful and important clinical sign of DDH.  Doctors, who perform 
the first examination of the child after birth, would have to pay 
attention to this clinical sign. Newborns with this clinical sign wo-
uld have to go to an ultrasound examination of the hips for further 
diagnosis. 

Key words: predictive value, limited hip abduction, developmen-
tal dysplasia of the hip (DDH)
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INTRODUCTION

Developmental dysplasia of the hip is a challen-
ging condition that represents a state of defor-
mity and slow development of the hip joint in 
early childhood (1,2). The term “developmental 
dysplasia of the hip” (DDH) describes a whole 
range of deformities involving the growing hip, 
including frank dislocation, subluxation and in-
stability, and dysplasia of the femoral head and 
acetabulum. This term replaced the previously 
accepted “congenital dysplasia of the hip”, which 
did not describe the developmental aspect of the 
disorder (3-5).
This deformity of the hip joint can be observed 
as a progressive illness where secondary structu-
ral changes will emerge in and around the joint 
tissue if a normal relation between the joint bo-
dies is not established (6). Early diagnosis and 
treatment of DDH is critical, to provide the best 
possible functional outcome (7). 
Developmental dysplasia of the hip is the most 
common deformity of the bone-joint system. The 
incidence of this deformity is different in diffe-
rent countries, according to the data given by 
various authors, varying from two to 50 or even 
more per 1,000 births (3, 7-10). This type of hip 
dysplasia occurs six times more frequently in 
girls. The defect can be diagnosed in over 40% of 
all cases and it occurs more often on the left than 
on the right hip. 
The cause of this development dysplasia is still not 
determined. Developmental dysplasia of the hip 
represents a dynamical process which occurs as 
a result of a series of exogenous and endogenous 
factors, both physiological and mechanical, which 
have the same effect on the mother and child du-
ring pregnancy and after birth (11). It is considered 
to have multifactorial etiology in the occurrence of 
developmental dysplasia of the hip (12). 
Developmental dysplasia of the hip (DDH) is a 
common and preventable cause of childhood di-
sability and forms a large portion of paediatric 
orthopaedic practice. It is generally agreed that 
late diagnosis (often referred to as a diagnosis 
after three months) leads to a higher chance of 
requiring surgery and a higher risk of long-term 
complications (13). The criteria for defining ca-
ses of developmental dysplasia of the hip diagno-
sed later in life are uneven. If DDH is recognized 

early, the treatment is less invasive, and long-
term effects are minimized (7,14).
The aim of this study was to assess a relation 
between limited hip abduction (unilateral and bi-
lateral) and the developmental dysplasia of the 
hip (DDH). Bosnia and Herzegovina does not 
have an accepted screening programme for DDH. 
This study would help doctors, who clinically 
examine newborns for the first time, to make a 
selection of children with DDH who will later be 
directed to further diagnostics.

PATIENTS AND METHODS

Study design and patients

The research was conducted in 450 newborns at 
the Neonatal Unit at the Clinic of Gynaecology 
and Obstetrics and the Orthopaedics and Trau-
matology Clinic of the University Clinical Centre 
Tuzla, Bosnia and Herzegovina, from 30th August 
2011 to 30th April 2012. During this period, 2678 
babies were born. The survey included newborns 
born at 37 to 42 weeks of gestation. A clinical and 
ultrasound hip examination was conducted on all 
newborns on the day of birth. The examination was 
done on the predetermined three days of the week.
All medical examinations were done by an ort-
hopaedic surgeon. To examine all children at the 
same age, the examination was done on the day 
of birth.
Research protocol was approved by the Ethics 
Committee of the University Clinical Centre Tu-
zla, Bosnia and Herzegovina.

Methods

The diagnosis of developmental dysplasia of the 
hip was determined at the Neonatal Unit by cli-
nical and ultrasound hip examination. Through 
the clinical examination, possible limited hip ab-
duction, whether unilateral or bilateral, was re-
corded. The clinical examination starts from the 
child’s so-called initial position. The child lies 
on the back, facing the doctor, with the hips in 
90 degrees flexion, so that both thighs are held 
vertically, parallel to each other. This diagnostic 
procedure, which allows us to determine the sta-
bility of the hip joint, includes an estimation of 
the extent of the hip abduction. Hip abduction 
was determined from the initial position where 
the thighs are spread simultaneously, without 
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changing the initial flexion in the hips. Abducti-
on was considered restricted if it did not exceed 
45 degrees in newborns or 60 degrees in infants, 
unilaterally or bilaterally. 
Ultrasound examinations were performed using 
a TOSHIBA SSA-240A (Kobe, Japan) appara-
tus with a 5MHz linear probe. Graf’s ultraso-
und method was used (15). The hips were sorted 
according to Graf’s classification: a normal hip 
was classified as type I (Ia, Ib),a dysplastic hip 
as type II (IIa+, IIa-, IIb, IIc/g/d), a subluxed hip 
as type III (IIIa, IIIb) and a luxated hip as type 
IV (15).

Statistical analysis

All variables were tested for normal distribution 
using the Kolmogorov-Smirnov test and present-
ed with baseline characteristics. Student’s t-test 
was used for comparison of arithmetic means 
with the application of the paired sample t-test 
where appropriate. A χ2 test was used to compare 
frequencies between groups, with McNemar’s 
test used for paired samples. The diagnostic accu-
racy was calculated using the usual measures of 
sensitivity, specificity and positive and negative 
predictive values, using a 2x2 table and Bayesian 
analysis. Univariate logistic regression was used 
to evaluate the predictive value of each variable 
of interest, via calculation of the odds ratio. All 
tests were performed with a statistical confidence 
level of 95% (p<0.05).

RESULTS

The overall sample included 450 examinees, 205 
(45.6%) males and 245 (54.4%) females. A total 
of 450 examinees (900 hips) underwent an ultra-
sound examination at birth. A total of 780 (86.6%) 
hips had a normal ultrasound report, while 120 
(13.4%) were found to fall into one of the DDH 
categories. The prevalence of DDH was 13.4 %. 
The sonographic report showed that type Ia was 
found in 507 (56.3%) hips, transient form type 
Ib was found in 273 (30.3%) and immature type 
IIa+ was found in 92 (10.2%) hips. There were 
22 (2.4%) hips with an unstable-critical IIg sono-
graphic report. There were four (0.4%) decentred 
hips of type IID and 2 (0.2%) decentred hips of 
type IIIa. None (0%) of the hips was found to be 
sonographic type IV (luxated). There was no sta-
tistically significant difference in the appearance 

of the developmental dysplasia of the hip betwe-
en the right and left sides (p=0.48) (Table 1).

No (%) of newborns
Classification according  
to Graf Left hip Right hip Total

Ia 253 (56.2) 254 (56.4 ) 507 (56.3)
Ib 146 (32.4) 127 (28.2) 273 (30.3)
IIa+ 39 (8.7) 53 (11.8) 92 (10.2)
IID 2 (0.4) 2 (0.4) 4 (0.4)
IIg(c) 9 (2.0) 13 (2.9) 22 (2.4)
IIIa 1 (0.2) 1 (0.2) 2 (0.2)
IV 0 0 0

Table 1. Distribution of sonographic values in the hips of 
newborns in the overall sample during the first examination

No (%) of newborns with developmen-
tal displacement of the hip Total

Without deformity With deformity
Limited abduction
positive 308 (88.5) 75 (73.5) 383 (85.1)
negative 40 (11.5) 27 (26.5) 67 (14.9)
Total 348 (100) 102 (100) 450 (100)

Table 2. Prevalence of developmental hip dysplasia consider-
ing limited hip abduction with the measures of diagnostic 
accuracy

Sensitivity = 26.5%; Specificity = 88.5%; Positive predictive value = 
40.3%; Negative predictive value = 80.4%

Of the total number of 450 newborns examined 
at birth, 26 (5.7%) had limited left hip abduction, 
11 (2.4%) had limited right hip abduction and 30 
(6.6%) had bilateral limited hip abduction.
In the overall sample (n= 450), 67 (14.9%) 
newborns had limited hip abduction, and of the-
se, 27 had developmental displacement of the hip 
while 40 did not have this deformity. In the ove-
rall sample there were 75 newborns who had one 
of the types of developmental hip dysplasia, and 
of these, 27 (26.5%) had limited hip abduction. 
If we consider the overall number of newborns 
included in the survey, 308 did not have DDH, 
and of these, 40 (11.5%) had this clinical sign 
(Table 2). The positive predictive value for this 
clinical sign was 40.3%, while the negative pre-
dictive value was 80.4%, i.e. out of 10 newborns 
with this clinical sign, four of them will have one 
of the types of developmental hip dysplasia, and 
out of 10 newborns who do not have this clinical 
sign, eight will have no DDH. 

The univariate analysis showed that limited hip 
abduction in newborns has a significant corre-
lation with the presence of DDH (OR=2.842; 
CI95% 1.546-5.224) (p=0.001). Of 67 newborns 
with limited hip abduction, 30 had bilateral limi-
ted hip abduction and 37 had unilateral limited 
hip abduction. Of 30 newborns with bilateral li-
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mited hip abduction, five (16%) had some type 
of DDH. Of 37 newborns with unilateral limited 
hip abduction, 25 (67%) had some type of DDH. 
Unilateral limited hip abduction was a more pat-
hognomonic clinical sign for developmental hip 
dysplasia than bilateral hip abduction.

DISCUSSION

Developmental dysplasia of the hip, as one of 
the most common malformations of the locomo-
tor system, is a significant health issue (16). No 
other disorder gives such good results through 
treatment as developmental dysplasia of the hip 
if it is detected and treated on time. Primary pre-
vention for developmental dysplasia of the hip is 
impossible to conduct since the primary cause of 
this disorder is not known (1). Nowadays it is po-
ssible to conduct secondary prevention based on 
very early diagnosis achieved through the scre-
ening (7). It is of great importance to recognize 
newborns at risk of DDH. If DDH is recognized 
early, treatment is less invasive, and long-term 
effects are minimized (10). Late detection cau-
ses increased treatment complexity and a seven-
fold increase in the short-term costs of treatment, 
compared to early detection and successful ma-
nagement in Pavlik harness (17).
This study has shown a significant predictive va-
lue of unilateral limited hip abduction for DDH. 
The diagnostic accuracy of limited hip abducti-
on, taking into account the sensitivity, specificity 
and predictive value, is 74.44%. Later cases of 
dysplasia, subluxation and luxation (in the se-
cond and third month after birth) are found wit-
hin cases of undiagnosed primary contracture of 
the hip and within cases of malposition syndrome 
(plagiocephaly, torticollis, thoracic ‘C’ scoliosis, 

oblique Vaisman pelvis and foot deformities), 
which is another reason why a child should be 
examined in the sixth week of life (18). This stu-
dy has shown that 16% of newborns with bila-
teral limited hip abduction and 67% with unila-
teral limited hip abduction had one of the types 
of DDH. Unilateral limited hip abduction was 
five times more pathognomonic clinical sign for 
developmental hip dysplasia than bilateral hip 
abduction. Jari et al. (19) showed the significan-
ce of unilateral limited hip indicating obligatory 
detailed diagnostics, while bilateral limited hip 
abduction is considered to be a less reliable clini-
cal sign. Some of the studies showed unreliability 
of the clinical examination in diagnosing DDH 
(20,21). Unilateral limitation of hip abduction is 
a time-dependent and useful clinical sign in the 
diagnosis of pathological DDH (22,23). Primary 
prevention for the developmental dysplasia of the 
hip is impossible to conduct for the reason of not 
knowing the primary cause for the appearance 
of this disorder. Today it is possible to conduct 
secondary prevention, which is based on a very 
early diagnosis set through the screening (24).
In conclusion, limited hip abduction (especially 
unilateral) is a useful and important clinical sign 
of DDH. Doctors who perform the first exami-
nation of the child after birth would have to pay 
attention to this clinical sign. Newborns with this 
clinical sign would have to undergo an ultraso-
und examination of the hips for further diagnosis. 
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ABSTRACT

Aim To examine whether there are differences in the experience 
in giving informed consent of patients whose surgery was elective 
compared to emergency surgery in the same department.

Methods A prospective cross-sectional study was conducted 
in the Department of Gynaecology and Obstetrics of University 
Clinical Hospital Mostar during a 6-month period. The sample of 
respondents consisted of two groups of patients, 145 with elective 
surgery and 90 patients with emergency surgery. The study was 
conducted using an anonymous questionnaire.

Results Patients in both examined groups were equally satisfied 
with the procedure of informed consent. Most patients signed the 
informed consent at the request of a nurse, 195 (83%). During the 
process of consenting, almost all patients, regardless of whether 
they had elective or emergency surgery, claimed that they under-
stood the form, which had to be signed, it was important to them, 
230 (97.9%), except the patients who had elective surgery, 130 
(90.3%), regularly stated that having an opportunity to ask que-
stions was important to them. Respondents with emergency sur-
gery more frequently agreed to sign whatever was in the form, 42 
(46.7%).

Conclusion Patients who had a planned surgery and patients who 
had an urgent surgery, mostly declare contentment with the use of 
informed consent although they did not have the same experience 
about informed consent.

Key words: consent form, understanding of consent, patient sa-
tisfaction 
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INTRODUCTION 

One of the main human rights is the right of a hu-
man to be “the master of his/her own body” (1).  
This right becomes particularly important when 
medical procedures with the aim of treatment, di-
agnosis and prevention are undertaken. 
Over the past few decades, legal, bioethical and 
medical circles have been using the term of in-
formed consent or advised consent of informed 
approval (2). This is the term for the process by 
which the informed patient consents to the pro-
posed medical procedure by manifesting his/her 
will freely and without coercion (3). Any invasi-
ve or medical procedure on a patient requires his/
her consent (4,5). Therefore, a prerequisite for any 
diagnostic, therapeutic or experimental procedure 
is the patient’s free, informed consent, and a fully 
and timely informed and competent patient (6).
The institute of informed consent in the Fede-
ration of Bosnia and Herzegovina entered into 
force upon the adoption of the Law on Rights, 
Obligations and Responsibilities of Patients in 
May 2010 (5). However, despite the adoption of 
the Law, patients as well as health professionals 
have poor knowledge of both the content and the 
manner of exercising this right. Therefore, a prac-
tical question comes to mind: is the adoption of 
the said Law only a “dead letter,” or is informed 
consent implemented in the health care system? 
What is the everyday clinical practice? What are 
the experiences of patients? Specifically, the le-
gitimate right of a patient is to be timely advised 
and informed by the doctor about the nature and 
severity of his/her disease, the risks and severity 
of the proposed type of treatment or medical pro-
cedure, alternative methods and their prospects 
for success, as well as the consequences of re-
fusal of the proposed procedure (6-8).
It should be noted that an important part of infor-
med consent is the signing of the consent form. 
This part is often misused, i.e. violated in medi-
cal practice, to put it mildly. However it should be 
kept in mind that the signed consent form itself 
still does not mean that the patient has given con-
sent, it is just a proof that the procedure of obtai-
ning informed consent has been conducted (7).
Despite legal provisions, in practice, patients of-
ten do not even read the consent form, they recall 
having signed “something” but they cannot re-
call the content. In the end, “what does it matter” 

when they do not understand most of it anyway, 
and doctor must “know what is best for the pa-
tient” and will carry out a procedure in line with 
rules of the profession. However, even today, after 
the legalization of patients’ rights, a paternalistic 
attitude is still deeply rooted both in patients and 
doctors, and they give the consent formal impor-
tance instead of importance in terms of the right to 
autonomy (9-11). It is indisputable that signing of 
the consent for surgery should not be a mere for-
mality, but a real opportunity for the patient to get 
clarification of all ambiguities related to the propo-
sed surgery from the physician. In addition, for the 
physician it is an opportunity to protect him/herse-
lf from potential damage claims they are exposed 
to, particularly in the field of gynaecology and pe-
rinatology, by providing reasonable information to 
their patients, as defined by law (12). 
The aim of this study was to evaluate the expe-
rience of patients in giving informed consent for 
the surgery in gynaecology and obstetrics, and 
to examine whether there are differences in the 
experience of patients who had elective or emer-
gency surgery in the same clinic.

PATIENTS AND METHODS

Patients and study design

The survey was conducted in the Clinic of Ob-
stetrics and Gynaecology of University Clinical 
Hospital Mostar during a 6-month period (betwe-
en 1 March 2011 and 30 September 2011). The 
survey was voluntary and the written questionna-
ire was anonymous. The Ethics Committee of 
the Faculty of Health Studies in Mostar, and the 
Ethics Committee of University Clinical Hospi-
tal Mostar, Bosnia and Herzegovina (B&H) asse-
ssed the research as ethically acceptable. 
For the purpose of testing informed consent for a 
surgery, two groups of respondents were exami-
ned based on the degree of surgery urgency: 145 
patients who had elective surgery and 90 patients 
who had emergency surgery.

Methods 

Patients who agreed to participate in the survey 
filled in the Questionnaires in the period of two 
to four weeks after the surgery. The study was 
conducted using an anonymous questionnaire 
specially constructed for this research. 
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The questionnaire contained two groups of que-
stions. The first group of questions is made up of 
12 socio-demographic and gynaecology-obstetrics 
questions of open and closed type. It contained in-
formation on age, education, employment, econo-
mic status, place of residence, information on pre-
vious surgeries, surgeries on the uterus, number of 
births, the length of stay in the hospital, as well as 
the urgency of the surgical procedure. 
The second group of questions related to the exa-
mination of patients’ experience with informed 
consent was developed based on a survey questi-
onnaire (Akkad et al., 2004). For the purpose of 
this research, the questionnaire had been designed 
into three-degree Likert scale (13). The questi-
onnaire consisted of 6 questions: the experience, 
the memory of signing the consent form, the re-
asons for not reading the consent form fully, the 
emotional and the physical state of the respon-
dents when signing the consent, the importance of 
certain questions in the process of giving consent. 

Statistical analysis

The normality of distribution of continuous va-
riables was tested with the Kolmogorov-Smirnov 
Test, and for the presentation of its average value 
and measure of dispersion, the arithmetic mean 
and standard deviation was used. The χ2 test was 
used for the analysis of nominal variables, while 
Fisher’s Exact Test was used in the lack of expec-
ted frequency. The possibility of error was accepted 
at α<0.05, and the differences between the groups 
were accepted as statistically significant at p<0.05.

RESULTS 

In the 6-month period a total of 235 patients (145 
had elective and 90 had emergency surgery) were 
voluntary responded to the (written) questionnaire. 
The average age of respondents was 34 years. The 
youngest respondent was 18 and the oldest 68 ye-
ars of age. Most frequently, the respondents had 
a high school education, 139 (59.1%); they were 
mostly employed, 123 (52.3%), their economic 
status was mostly on average, 203 (86.4%). Most 
respondents were more frequently married, 218 
(92.8%), lived in the urban area, 133 (56.5%). 
There was no significant difference in the preva-
lence between respondents who had undergone 
any kind of surgery in the past, 105 (44.7%), and 
those who had not, 130 (55.3%) (p=0.001).  
A significantly higher number of respondents did not 

have surgery of the uterus, 184 (78.3%) (p<0.001). 
Mostly, surgery was elective, in 145 (61.7%) cases; 
the length of stay in the hospital was mostly betwe-
en 5 and 10 days in, 182 (77.4%) patients.  
Relating to surgery intervention, 129 (54.9%) 
respondents had a Caesarean section, 54 (23.0%) 
hysterectomy, 26 (11.1%) conization, seven 
(3.0%) urogynecological intervention, six (2.6%) 
salpingectomy, five (2.1%) adnexectomy, four 
(1.7%) cystectomy, and four (1.7%) women had 
salpingotomy. 
In the overall sample, the majority of respon-
dents, 146 (out of 235, 62.1%), were satisfied 
with the process of giving consent. The respon-
dents’ satisfaction with the process of giving 
consent did not differ significantly depending on 
whether surgery was elective or emergency: 92 
(out of 145, 63.4%) and 54 (60.7%), 55 (60.7%), 
respectively (p= 0,145). 
Most of the respondents, 195 (83%), signed the 
consent form at the request of nurses, and only 
31 (13.2%) respondents signed the consent form 
at the request of the operator; another doctor has 
given a consent form to sign in nine (3.8%) cases 
(p <0.001).
No significant difference was found in the respon-
dents’ answers in the process of requesting the si-
gning of the form in relation to surgery type, e. g. 
elective or an emergency (p=0.576). Respondents’ 
answers did not differ significantly concerning re-
membering the situation surrounding the signing of 
the form in relation to a surgery type (p=0.002). Alt-
hough most of the respondents did not read the form 
fully, more frequently it happened in those who had 
had emergency surgery, 73 (81.1%) (Table1).

No (%) of patients
Question Elective Emergency p
Do you remember anything about signing the consent form?
Yes 97 (66.9) 57 (63.3)

0.576
No 48 (33.1) 33 (36.7)
Have you read the consent form fully?
Yes 55 (37.9) 17 (18.9)

0.002
No 90 (62.1) 73 (81.1)

Table 1.  Respondents’ answers related to their memory of 
signing the consent form

The main reason why the respondents did not 
fully read the form (only one with statistical si-
gnificance; p<0.001) was the feeling of illness, 
in women with emergency surgery, 40 (54.8%), 
comparing to women with elective surgery, 27 
(18.9%) (Table 2).
The respondents did not differ significantly in 
their feeling of being frightened, pressured and 
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the elective and emergency group, respectively 
(p=0.632). The least frequently the respondents 
agreed with the question about checking the form 
by a family member, in 125 (53.2%) total cases, 
as well as in both groups, e. g. 73 (50.7%) and 
52 (59.1%) in the elective and emergency group, 
respectively (p=0.213) (Table 4). 

Question
No (%) of patients

pElective Emergency
She felt too ill
Yes 17 (18.9) 40 (54.8)

2.530No 73 (81.1) 33 (45.2)
She did not get the opportunity
Yes 52 (57.8) 48 (65.8)

0.002
No 38 (42.2) 25 (34.2)
Trusting the physician
Yes 69 (76.7) 48 (65.8)

9.972
No 21 (23.3) 25 (34.2)
There was verbal explanation
Yes 45 (50.0) 29 (39.7)

0.079
No 45 (50.0) 44 (60.3)
The form was too long
Yes 7 (7.8) 9 (12.3)

8.949
No 83 (92.2) 64 (87.7)

Table 2. Distribution of reasons for not fully reading the con-
sent form aas per the degree of urgency of the surgery

No (%) of patients

Question Elective
N (%)

Emergency
N (%)

p

The feeling of pain, illness, intoxication, fatigue and exhaustion at 
the time of signing of the consent form?
Yes 35 (24.5) 46 (52.9)

<0.001
No 108 (75.5) 41 (47.1)
The feeling of being frightened or intimidated because of the 
signing of the consent form
Yes 32 (22.5) 26 (30.2)

0.196
No 110 (77.5) 60 (69.8)
The feeling of pressure because of the signing of the consent form
Yes 21 (14.8) 10 (11.6)

0.500
No 121 (85.2) 76 (88.4)
The feeling of relief because of the signing of the consent form
Yes 73 (51.4) 48 (54.5)

0.643
No 69 (142) 40 (45.5)

Table 3. Distribution of answers related to physical/emotional 
status at the time of signing the consent form as per the 
degree of urgency of the surgical procedure

No (%) of patients
Question Elective Emergency p
To understand what I’m going to sign
Yes 142 (98.6) 88 (97.8)

0.632
No 2 (1.4) 2 (2.2)
Someone to check if I understood everything before signing the 
consent form
Yes 103 (71.5) 67 (76.1)

0.441
No 41 (28.5) 21 (23.9)
Husband/family member to check the form before you sign it
Yes 73 (50.7) 52 (59.1)

0.213
No 71 (49.3) 36(40.9)
To have the opportunity to ask questions about the surgery
Yes 130 (90.3) 71 (80.7)

0.037
No 14 (9.7) 17 (19.3)
To get detailed information about complications
Yes 129 (89.0) 80 (90.9)

0.636
No 16 (11.0) 8 (9.1)
To have some time alone to think before signing the form
Yes 121 (83.4) 64 (73.6)

0.070
No 24 (16.6) 23 (26.4)

Table 4. Distribution of elements of the proper procedure of 
giving consent in respondents’ opinion as per the degree of 
urgency of the surgical procedure

 No (%) of patients
Question/ Answer Elective Emergency p
I had no choice when it comes to signing the consent form
I mostly agree 62 (42.8) 47 (52.2)

0.205I neither agree nor disagree 32 (22.1) 21 (23.3)
I mostly disagree 51 (35.2) 22 (24.4)
I would have signed whatever was in it 
I mostly agree 44 (30.3) 42 (46.7)

0.041I neither agree nor disagree 33 (22.8) 16 (17.8)
I mostly disagree 68 (46.9) 32 (35.6)
Signing the consent was a waste of time
I mostly agree 12 (8.3) 6 (6.7)

0.280I neither agree nor disagree 36 (24.8) 31 (34.4)
I mostly disagree 97 (66.9) 53 (58.9)
Hospitals should deal with the consent forms for the type of 
surgery that I had 
I mostly agree 79 (54.5) 52(57.8)

0.721I neither agree nor disagree 41 (28.3) 26 (28.9)
I mostly disagree 25 (17.2) 12 (13.3)

Table 5. Answers to the questions asked about the over-
all attitude regarding signing of the consent form among 
respondents

relieved at the time of signing the form in relation 
to surgery type, e. g. elective or emergency. The 
respondents who had emergency surgery more 
frequently felt pain, illness and intoxication at 
the time of the signing of the form, 46 (52.9%), 
as opposed to respondents who had an elective 
surgery, 35 (24.5%) (p˂0.001) (Table 3).

The respondents did not differ significantly in 
evaluating the importance of understanding the 
signed consent form, checking the understanding 
of the form by a neutral person, having the form 
checked by a family member, obtaining detailed 
information about complications, and the impor-
tance of time for self-reflection before signing the 
consent depending on whether they had elective 
or emergency surgery. Among the questions rela-
ting to proper procedure giving a consent, most 
frequently the respondents agreed (answer ‘yes’) 
with the question about understanding what they 
signed, in 230 (97.9%) total cases, as well as in 
both groups, e.g. 142 (98.6%) and 88 (97.8%) in 

As for the overall opinion regarding the signing of 
the consent in relation to whether the surgery was 
elective or emergency, the number of respondents 
differed significantly (without statistical signi-
ficance) only in the attitude whether they would 
sign whatever was in it, where the respondents 
with emergency surgery agreed with it more frequ-
ently, 42 (46.7%) comparing with the patients with 
elective surgery, 44 (30.3%) (p=0.041) (Table 5).
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DISCUSSION

The results of this study showed that the majority 
of patients (62%) were satisfied with the proce-
dure of informed consent, regardless of whether 
they had elective or emergency surgery, and 
about 26.9% of the patients remained neutral in 
their response to that question. In a research con-
ducted in the UK in 2004, 80% of patients who 
had a planned surgery expressed their satisfacti-
on with the informed consent process, and 63% 
of the patients for emergency surgery (13).
A doctor who will perform an operational surgery 
must get an informed consent, based on oral and 
written information, and if that is impossible, then 
another doctor who is qualified for that procedure 
needs to get an informal consent (1,5). The infor-
med consent is invalid if the nurse has obtained 
it for the doctor (1). The results of our research 
showed that most patients (83%) signed the con-
sent form upon the nurses’ request, the operator 
asked for the consent in 13.2% of patients, while 
in 3.8% of the patients another doctor received in-
formed consent. The research results raise concern 
and confirm that signing of the informed consent 
in clinical practice is not based on legal regulati-
ons. Very often informed consents stem from the 
situation that  nurses give a written consent form 
along with all other forms that the patients are 
required to sign upon admission to the hospital, 
so that the patients indiscriminately sign them wit-
hout having received any information about their 
medical condition or medical intervention (14). 
Amir et al. came across interesting data showing 
that almost all patients who had a planned ope-
rational procedure signed an informed consent, 
however only 40.5% understood given informa-
tion. Half of them were aware of the risks and 
complications, however, despite misunderstan-
ding of the process of informed consent, 93.5% 
of the patients expressed their satisfaction with 
the informed consent process (15).
In the  research conducted by Kirane et al. 71% 
of the patients were aware of the indications that 
were the reason why Caesarean section needed to 
be done, while only 25% of those patients correctly 
explained the procedure and complications, which 
indicates the deficiencies in providing informati-
on and obtaining informed consents (16). On the 
other hand, some research show that the patient’s 
memory of an event cannot be perfect (17). Sher-

lock and Browni systematically searched the lite-
rature to explore the memory and understanding 
of the proposed medical procedures for which a 
patient consent was given and found that memory 
and understanding of medical procedures, risks 
and complications depend on education and is 
difficult for older people, confirming that the use 
of written material and the use of interactive mul-
timedia communication have led to improvements 
in understanding of the medical procedure (18).  In 
our study, the majority of patients recalled the situ-
ation surrounding the signing of the consent. The 
patients did not differ significantly concerning the 
memory of signing the form regardless of whether 
they had elective or emergency surgery.
A high percentage of patients (81.8%) who had 
an emergency surgery said they had not fully read 
the consent form. The obtained results can be in-
terpreted with the fact that patients are inclined to 
paternalistic relationship with their physicians in 
emergencies, as confirmed by other research (3).
Also, the data suggest that in emergency medi-
cal procedures around one quarter of patients are 
unable to give thier consent (19), which can be 
caused by pain or analgesics. 
The results of our study indicated that patients who 
had elective surgery had not read the consent form 
as they received sufficient verbal information, and 
because they trusted their doctor. In most cases, 
as reasons for not having read the consent form, 
emergency surgery patients stated the feeling of 
illness, and not having been given the opportunity. 
The survey which was conducted by Akkad et al. 
in 2004 showed that a smaller number of patients 
who underwent emergency surgery had read and 
understood the consent form and felt more afraid 
while signing the consent in relation to patients 
who had elective operation. As the reasons for not 
having fully read the form, emergency surgery 
patients have in most cases claimed to trust their 
doctor, and to have received good verbal informa-
tion (13). The results of our study indicate that at 
the time of signing the consent form almost none 
of the patients felt frightened and the majority 
felt no pressure over signing. A significant fact 
was recorded only in the group of urgent surgery 
patients who reported that at the time of signing 
the form they felt pain, sickness and intoxication, 
as expected.  In a study conducted by Kay and 
Sirwaredena, 81% of patients who had emergency 
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surgery felt pain at the time of giving consent to 
the surgery, but only 34% of patients stated that 
pain interfered with their ability to give consent. 
Although 70% of patients stated that they had re-
ceived painkillers before signing the consent, only 
27% thought that painkillers reduced their ability 
to give a consent (20).
In 2006, Saunders et al. examined the practices 
and opinions of obstetric anaesthesiologists on 
the issue of informed consent for epidural anal-
gesia in new mothers through questionnaires: 
68% of anaesthesiologists considered that new 
mothers in labour can give informed consent for 
epidural analgesia, 13% recommended antenatal 
aesthetic consultations for pregnant women who 
asked for epidural analgesia (21). In contrast to 
these results, Black and Cynahad have obtained 
different findings showing the differences of re-
gional analgesia and their attitudes towards in-
formed consent, in 70% of cases the anaesthesi-
ologists indicated that labour prevents women’s 
ability to give full informed consent; verbal con-
sent for regional analgesia was obtained in 80% 
of cases and in 20% of cases consent was not re-
corded or was not discussed (22).
It is interesting to consider the question of whether 
pregnant women who have already been given 
medication to ease labour pain, or are under the 
influence of sedatives, are capable of giving infor-
med consent. Gerancher et al. found that being un-
der opiates and sedatives does not affect the proce-
ss of informed consent. There were no differences 
in attitudes between mothers who received opiates 
and those who did not receive them, in relation to 
the satisfaction with informed consent (23).
The results of our study have shown that almost 
all patients considered that in the process of gi-
ving informed consent it is essential to under-
stand received information. Somewhat fewer 
patients believe that it is important to obtain 
detailed information about complications of the 
surgery. Also, majority of patients considered 
it to be essential to have the opportunity to ask 
the doctor questions about the surgery or to be 
familiar with possible complications during the 
surgery. Specifically, patients with emergency 
surgery considered it less important to have the 
opportunity to ask questions about the surgery, in 
which these two groups differ significantly.
This is not surprising because at the time they 

were asked to sign a form, most of the patients in 
emergency situations were in a lot of pain, which 
in itself is stressful. In our research, approxima-
tely half of the patients agree with the statement 
that they had no choice when it came to signing 
the consent form, while 46.7% of emergency sur-
gery patients considered they would have signed 
anything that was written on the form.
In Fröhlich’s survey conducted in 2011, 79% of pa-
tients considered that discomfort during childbirth 
influenced the ability to sign informed consent for 
epidural analgesia. Almost all patients believe that 
informed consent should be signed before giving 
birth (24). Some researchers imply that informing 
patients in detail about a suggested medical pro-
cedure can influence on reducing anxiety. This 
statement is supported by a study conducted on 
sixty women who had a planned caesarean section 
whom the level of anxiety was investigated before 
and after giving information about the caesarean 
section. The authors found that after informing the 
women they felt a lower level of anxiety  (25).
In conclusion, the patients who had elective and pa-
tients who had emergency surgery do not have the 
same experience within formed consent. The likely 
reason is that more than half of the emergency pa-
tients at the time of signing the consent are in pain, 
and thus the credibility of the signed consent is in 
question. The paper revealed that the consent form 
for the surgery was offered by a nurse in a high 
number of cases. Obviously, the adoption of the 
said law, which was to strengthen the position of 
patients and health professionals, caused confusion 
in practice and the right to informed consent often 
meant “blind” signing of the consent form. Also, the 
results indicate that the currently valid form of con-
sent is inappropriate, particularly because the same 
form of consent is used for all surgical procedures 
and does not provide appropriate instructions for 
other aspects of the process of consent that are im-
portant to patients. A new approach is necessary to 
take into account the preferences of the patients and 
recognize different needs of the patients depending 
on whether they had elective or emergency surgery.
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ABSTRACT 

Aim To examine the efficiency of paroxetine treatment of anxiety 
disorders in adult patients over the period of 12 months and the 
improvement of symptoms of anxiety disorder during this period, 
as well as to examine the tolerability of the administered treatment 
and patient compliance during the study. 

Methods This observational, multicenter, cohort, clinical study 
included 171 patients with diagnosed anxiety disorder who were 
administrated paroxetine film-coated tablets 20 mg and followed 
up during the next 12 months. Patients were observed at 6 points, 
baseline and five additional assessments. The Beck Anxiety Inven-
tory was used to determine the baseline severity of anxiety and Pa-
tients Health Questionnaire module GAD-7 was used to determine 
the severity of anxious symptoms and to follow up patients during 
the additional observations. Tolerability and patient compliance 
were followed throughout the study. 

Results Statistically significant decline in severity of anxiety dis-
order over the observation period (p=0.001) was found. At the be-
ginning of the study, 64 (45.7%) patients had severe anxiety symp-
toms, 43 (30.7%) moderate, 25 (17.9%) mild and eight (5.7%) had 
none to minimal symptoms. At the end of the study, there were no 
more patients with severe anxiety, while four (3.4%) had moderate 
symptoms. On the other hand, 26 (22.2%) had mild symptoms and 
87 (74.4%) had none to minimal symptoms of anxiety disorder. 

Conclusion The results of this study provide further evidence for 
paroxetine’s efficacy and tolerability in the treatment of anxiety 
disorders with good patient compliance. 

Key words: anxiety disorder, drug tolerance, treatment outcome, 
paroxetine



187

INTRODUCTION 

The Diagnostic and Statistical Manual of Mental 
Disorders, 4th Edition (DSM IV) (1) and Inter-
national Statistical Classification of Diseases and 
Related Health Problems, 10th revision (ICD-10) 
(2) classification define anxiety disorder as a pro-
minent tension and worry about every-day events 
and problems, occurring on more days than not 
for at least six months and it is associated with 
symptoms such as restlessness, fatigue, difficulty 
concentrating, irritability, muscle tension and sleep 
disturbance (3). The four most common anxiety 
disorders are generalized anxiety disorder (GAD), 
panic disorder (PD), social anxiety disorder (SAD) 
and posttraumatic stress disorder (PTSD) (4). 
However, despite the substantial disability associa-
ted with each anxiety disorder and the availability 
of effective treatments, only a minority of patients 
(15% to 36%) with anxiety are recognized in pri-
mary care (4). Likely factors in this sub-optimal 
management include the range of different anxiety 
disorders, their co-morbidity with other disorders 
(particularly mood disorders), a widespread lack 
of awareness of anxiety disorders by affected in-
dividuals and health practitioners and the low con-
fidence of many practitioners in their management 
(5). Epidemiological surveys indicate that GAD 
is the second most frequent psychiatric disorder, 
after major depression, in the primary care setting 
and that nearly three fourths of the general popula-
tion report at least one or more unreasonable fears, 
episodes of sudden panic, or generalized nervou-
sness (6,7). There is also a convergence in studies 
showing that anxiety disorder accounts for at least 
35% of all disability and sick leave days, with high 
persistence, chronic nature and increasing number 
of complications (8). High comorbidity is found 
between anxiety and depression, which increases 
the risk of suicide, disability and psychiatric hospi-
talization with the decrease of the treatment com-
pliance. Patients with depression/anxiety comorbi-
dity tend to have more chronic and recurrent forms 
of illness that require long-term treatment (9,10).
Current guidelines for the pharmacological ma-
nagement of GAD tend to recommend first line 
treatment with selective serotonin reuptake in-
hibitor (SSRIs) or pregabalin (11). Paroxetine is 
widely used and generally well tolerated antide-
pressant in adults, elderly individuals and patients 
with comorbid illness (12). Notably, paroxetine 

is the only SSRI currently approved for the tre-
atment of all five anxiety disorders in addition to 
major depressive disorder (12). Paroxetine does 
not significantly affect psychomotor function in 
healthy volunteers, patients with depression or 
elderly patients. As with other SSRIs, paroxetine 
is not associated with any clinically significant 
hemodynamic or electrophysiological cardiovas-
cular effects in healthy volunteers and it appears 
to be well tolerated in patients with depression 
with or without ischemic heart disease (13).
The aim of this study was to examine the effici-
ency of paroxetine treatment of anxiety disorders 
in adult patients over the period of 12 months and 
the improvement of symptoms of anxiety disor-
der during this period, as well as the tolerability 
of the administered treatment and patient compli-
ance during the study.

PATIENTS AND METHODS 

Patients and study design

The study was designed as an observational, 
multicenter, cohort, clinical study that included 
a total of 171 subjects of both genders who were 
diagnosed with anxiety disorder. Patients were 
administered paroxetine film-coated tablets 20 
mg and followed up in medical centers from Ja-
nuary 2015 until January 2016 (12 months).
The study was conducted by 52 doctors in 33 
medical centers from major cities of Bosnia and 
Herzegovina including Sarajevo, Banja Luka, 
Teslić, Modriča, Gradiška, Cazin, Velika Kladu-
ša, Ključ, Bosanski Petrovac, Goražde, Bugojno, 
Travnik, Jajce, Gornji Vakuf, Vitez, Zvornik, Sre-
brenik, Banovići, Živinice, Lukavac, Tuzla, Gra-
dačac, Konjic, Mostar and Tomislavgrad.
Inclusion criteria were age older than 18 years 
and the diagnosis of anxiety disorder using the 
Beck Anxiety Inventory (BAI) (14). Exclusion 
criteria were hypersensitivity to paroxetine or 
other supportive components of the medicine, 
administration of concomitant treatment with 
monoamine oxidase inhibitors and associated 
clinical conditions that may affect the pharmaco-
kinetics of paroxetine. Patients who showed de-
terioration of the underlying disease, developed 
serious adverse reactions that required discon-
tinuation of therapy or developed diseases that 
affected the course of research were excluded 
from the further study.

Džubur Kulenović et al.  Paroxetine in treatment of anxiety disorder
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The study was submitted to and approved by the 
Agency for Medical Products and Medical Devi-
ces of Bosnia and Herzegovina, according to the 
Law on Medicines of Bosnia and Herzegovina.  

Methods 

Patients were observed at six points: baseline and 
five additional assessments. During the baseline 
observation BAI was used to determine the ba-
seline severity and to assess the inclusion criteria 
and Patients Health Questionnaire (PHQ-SADS) 
anxiety module GAD-7 (15) was used to determi-
ne the severity of anxiety symptoms and to follow 
up patients during the five additional observations 
(16,17). Based on the GAD-7 and the severity of 
symptoms patients were divided into four catego-
ries: minimally to none expressed symptoms, mild 
symptoms, moderate symptoms and severe symp-
toms. After the first, bassline, observation subjects 
began the treatment. The second observation was 
performed in the second week from the baseline 
observation, the third observation was performed 
in the fourth week of the study, the fourth observa-
tion was performed in the sixth week of the study, 
the fifth observation was performed in the twelfth 
week of the study and they all included an asse-
ssment of the efficacy and safety of treatment with 
the drug dose adjustments depending on the asse-
ssment of the effectiveness of therapy. The final, 
sixth observation was performed in the 36th week 
of research and it included a final overall evalua-
tion of the efficacy and safety of the therapy. The 
researches followed the participants’ flow by using 
the CONSORT diagram.  
The sample size was calculated on the following 
basis: a pilot study was designed using a sample 
of 40 subjects who were assessed by using GAD-
7, before the treatment and two weeks after the 
treatment. The calculated effect size was 0.279. 
Total calculated sample size was 140 subjects. 
The calculation was performed using G power 
software version 3.1 (18). 
The drug effectiveness was assessed on the ba-
sis of physician’s examination of the patients and 
using the GAD-7 anxiety model. The safety of 
the study was provided by monitoring the inci-
dence of adverse reactions of the drug with the 
assessment of the link between drug application 
and reporting adverse reactions (certain, proba-
ble, possible, not probable, unclassified relation 

and non-classifiable) and the adherence to the 
basis of assessment in the application of therapy 
(number of tablets).

Statistical analysis

Sample size estimation was based on the assump-
tion of the efficiency of the drug in earlier studi-
es that were performed on SSRIs (80% efficacy 
of paroxetine vs. 65% efficacy of comparators). 
Calculation was done by χ2 test with the level of 
significance of 95% (p=0.05). Ratio between the 
groups was 2:1.
Distribution of data from the study were tested 
for normality by Kolmogorov-Smirnoff test and 
then described by measures of central tendency 
and variability (median and interquartile range). 
Friedman test for repeated measures was used to 
present ordinal variables (observing the anxiety 
reduction trend) and the Wilcoxon signed-rank 
test was used to present differences between two 
measurements. 

RESULTS

This study included 171 patients who were di-
agnosed with anxiety disorder and who met 
all inclusion criteria. Out of 171 patients, 108 
(63%) were females and 63 (37%) were ma-
les (p=0.001). The average age of patients was 
48.9±14.6 years. Out of 171 patients, 73 (43%) 
had generalized anxiety disorder, 36 (21%) had 
panic disorder with or without agoraphobia, 29 
(17%) had social-anxiety disorder, 24 (14%) had 
posttraumatic stress disorder and 9 (5%) patients 
had obsessive-compulsive disorder. A total of 111 
(65%) patients had received previous treatment 
and 60 (35%) were newly discovered patients. 
Out of patients who had used concomitant the-
rapy, 42 (36.2%) used alprazolam, 24 (20.7%) 
used bromazepam, 23 (19.8%) used diazepam, 
six (5.2%) used sulpiride and five (5%) patients 
used some other drug treatment.
The BAI showed the average score of patients 
was 31.93±11.08, with the maximal score being 
53 and minimal score being 5. Categorization of 
patients’ symptoms showed that 7 (4%) had mini-
mal anxiety, 15 (9%) had mild anxiety, 38 (22%) 
had moderate anxiety and 111 (65%) had severe 
anxiety disorder. 
Based on the exclusion criteria 31 subjects were 
excluded from the study. During the course of the 
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study, 23 patients were further excluded from the 
study. Out of total patients included in this study 
(n=171), 102 (60%) patients were present during 
all six observations. Friedman test showed a sta-
tistically significant decline in severity of anxiety 
disorder over the observation period, validated 
by GAD 7 (p=0.0001). During the first observa-
tion mean value of GAD 7 was 14, while during 
the last (sixth) observations the mean value of 
GAD 7 was 3 (Figure 1).

the study the dosage of paroxetine has changed 
according to GAD 7 questionnaire so that at the 
end of the study 13 (11.3%) patients were admi-
nistered 40 mg of paroxetine, 11 (9.3%) were ad-
ministered 30 mg of paroxetine, 84 (70.9%) were 
administered 20 mg of paroxetine and six (8.6%) 
patients were administered 10 mg of paroxetine 
film-coated tablets.
Out of 171 patients, 84 (49.1%) presented with 
adverse reactions during the observation period. 
In 80 (95%) patients the observed adverse reac-
tions were related to the expected side effects of 
paroxetine and in four (5%) the adverse reactions 
were correlated with the concomitant therapy.
The patient assessment of the effectiveness of pa-
roxetine has shown that 106 (64.6%) assessed the 
drug as “very good”, 54 (32.9%) as “good” and 
four (2.4%) patients assessed the drug as “unsa-
tisfactory”. The assessment of tolerability of the 
administered treatment showed that 118 (70.2%) 
patients had a very good response to treatment, 
46 (27.4%) had a good response to the treatment 
and four (2.4%) patients had unsatisfactory res-
ponse to the treatment. When it comes to pati-
ent compliance, 122 (73.9%) patients had a very 
good treatment adherence, 38 (23%) had a good 
treatment adherence and only five (3%) patients 
assessed the collaboration with researches/doc-
tors as unsatisfactory (Figure 2).

No (%) of patients during observational 
period

Anxiety symptoms First Second  Third  Fourth  Fifth  Sixth  

GAD 7

None to 
minimal

8
(5.7)

14
(10.4)

24
(18.2)

41
(32.0)

59
(48.4)

87
(74.4)

Mild 25
(17.9)

35
(25.9)

50
(37.9)

62
(48.4)

53
(43.4)

26
(22.2)

Moderate 43
(30.7)

44
(32.6)

39
(29.5)

21
(16.4)

8
(6.6)

4
(3.4)

Severe 64
(45.7)

42
(31.1)

19
(14.4)

4
(3.1)

2
(1.6) - 

Overall  140
(100)

135
(100)

132
(100)

128
(100)

122
(100)

117
(100)

Table 1. Decline of severity of anxiety symptoms over the 
observational period

GAD 7, Generalized Anxiety Disorder 7;

Figure 1. Mean values of severity of anxiety disorder over the 
observational (obs.) period
GAD 7, Generalized Anxiety Disorder 7; p=0.0001

Figure 2. Assessment of therapy effectiveness, treatment tol-
erability and patient compliance

Examining the results of the GAD 7 during the 
first and last observation (36 weeks) showed a 
significant reduction in the expression of symp-
toms (p=0.001). During the first observation, 64 
(45.7%) patients had severe symptoms, while 8 
(5.7 %) patients had none to minimal symptoms 
of anxiety. During the last observation, there 
were no patients with severe symptoms, while 87 
(74.4 %) patients had none to minimal symptoms 
of anxiety (Table 1).

During the first observation, 60 (35.1%) patients 
were administered 10 mg of paroxetine film-co-
ated tablets and 111 (64.9%) patients were admi-
nistered 20 mg of paroxetine. Further along in 

DISCUSSION 

Our study showed that the administration of pa-
roxetine was effective in reducing anxiety disor-
der symptoms. These results were demonstrated 
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by a significant decrease in mean value of the 
total GAD-7 score from the first to the last ob-
servation. There was also a significant reduction 
in expression of anxiety symptoms from the first 
to the last observation, validated with GAD-7. 
These results are clinically significant since the 
symptoms that were moderate to severe at the 
beginning of the treatment were, on average, of 
mild intensity after 12 months of the treatment 
with paroxetine. The significance of the obser-
ved change in GAD-7 scores was related to high 
rates of response and remission. Full remission, 
with none to minimal expression of symptoms, in 
which anxiety patients are essentially indistingu-
ishable from healthy counterparts was achieved 
by 36.1% of the paroxetine patients that comple-
ted the study. For patients who completed the stu-
dy, the patient’s compliance was as high as 95%. 
Other studies conducted to assess the efficacy and 
safety of paroxetine obtained similar results. A re-
view study from 2000 describing three trials show 
that paroxetine (20–50 mg/ day) is an effective and 
well-tolerated treatment for social anxiety disor-
der. Paroxetine produced overall improvement in 
addition to providing more specific benefits with 
respect to anxiety and avoidance symptoms and 
social anxiety-related disability (19). A study com-
paring the efficacy of paroxetine vs. benzodiazepi-
nes in the treatment of generalized anxiety disorder 
showed that paroxetine was effective in the tre-
atment of GAD as well as safer and better tolerated 
(20). Post-hoc analyses in a study of remission sta-
tus of patients with GAD have demonstrated that 
approximately twice as many paroxetine treated 
patients compared with placebo-treated patients 
can be classified as being in remission following 
24 weeks of double-blind treatment (20).
Results of the presented study have shown that 
paroxetine was generally well tolerated. The dro-
pout rate due to adverse events was 15%. This 
rate is consistent with the results of other studies 

REFERENCES 

1. American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders: DSM-IV-
TR. Washington, DC: American Psychiatric Asso-
ciation, 2000.

2. World Health Organization. The ICD-10 Classifica-
tion of Mental and Behavioral Disorders: Clinical 
Descriptions and Diagnostic Guidelines. Geneva: 
World Health Organization, 1992.

investigating paroxetine treatment of depression 
and other anxiety disorders and lower than 26% 
reported in generalized anxiety disorder studies 
of extended-release venlafaxine (6).
The patients lost to follow-up in our study pro-
bably have associated with characteristics of the 
patient population under study and the nature of 
the anxiety disorder.
The percentage of 70.9% of patients were admi-
nistered 20 mg/day of paroxetine at the end of this 
study indicating that this dosage may be effective 
for the majority of anxiety disorder patients.
Although SSRIs are prevalently used in the tre-
atment of anxiety disorder, there are still con-
cerns regarding those medications (21). Common 
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effects when using these medications in the anxi-
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In conclusion, results presented in this study pro-
vide further evidence for the findings that paroxe-
tine in the dose of 20 mg/day can significantly 
contribute to the reduction of anxiety symptoms 
in patients with anxiety disorder. The results of 
our study also indicate that paroxetine has good 
effectiveness and tolerability in adult patients 
with anxiety disorder. 
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ABSTRACT

Aim To explore and elucidate women’s knowledge of and willin-
gness to take part in organ donation, and to explore if their opini-
ons were changed by coming to Sweden.

Methods The study was designed as a qualitative study using data 
from interviews with women from Bosnia and Herzegovina, Ma-
cedonia, Croatia and Kosovo. The inclusion criteria were women 
who were immigrants in Sweden and have lived in Sweden for 
more than 10 years. Five groups including forty-five women were 
invited to participate in the study and 39 agreed. The women were 
aged 29 to 73 years (mean 52.5 years). 

Results Regarding knowledge and information about organ dona-
tion, most women found it very important to be able to talk about 
such things. However, the knowledge and information about organ 
donation of almost all the women was at a very low level. None of 
the women changed their opinion on the organ donation and atti-
tudes from their countries of origin. All women firmly emphasized 
and explained that by coming to another state they do not become 
a different person and retain all values they had and with which 
were born in home country.  

Conclusion It is important to study how to find new ways to 
communicate and work with minorities and vulnerable groups in 
order to discuss organ donation with all those who could be poten-
tial donors in the Swedish health care system.

Key words: organ donation, anthropological aspects, knowledge, 
gender, immigrants, qualitative research
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INTRODUCTION

Transplantation of organs is an extremely succe-
ssful method that saves and improves lives of 
those suffering from organ failure. Although tran-
splants are more and more accessible in techno-
logical terms, there are still many more people in 
need of new organs than donors, and this differen-
ce is increasing from year to year (1). All around 
the world, many patients do not survive long eno-
ugh to receive a new organ, and the rate of failure 
is rising. The success of organ donation (OD) is 
closely related to decisions made by those imme-
diately involved in health care (2). The statistics 
show that it is not possible to help everyone who 
needs a new organ to survive, despite the best 
efforts of professionals involved (3). There is a 
large difference between the numbers of potenti-
al donors in European countries. In 2016, Sweden 
had only 18.6 potential donors per million (pmp). 
This is a much lower figure than in other countries. 
Croatia has the largest number of potential donors 
(36 pmp) in Europe, Slovenia has 22, Macedonia 
5 and Bosnia and Herzegovina and Kosovo only 
1 (4,5). The family of a donor articulated some of 
the factors related to the willingness to donate or-
gans as: unselfishness and being able to save a life, 
bodily integrity and dignity, the stance of family 
members, and mourning and anxiety (6-9). There 
is, in general, more readiness for live donation to 
a member of the family in comparison with be-
coming a donor after death (10–12). Other factors 
include strong or weak religious, cultural or social 
and economic convictions (13,14). Research has 
shown that the factors that mostly affect OD are 
low age, being female, high social status, educati-
on, good understanding of OD, experience of OD 
and a supportive family (15). No previous studies 
were found that dealt with gender differences or 
differences between immigrants and the native po-
pulation in Sweden.
The aim of this study was to explore and elucida-
te women’s knowledge about and willingness to 
take part in organ donation and to assess if their 
opinion was changed by coming to Sweden.

PARTICIPANS AND METHODS

Participants and study design

The study was designed as qualitative research 
using data from interviews with women from 

four countries: Bosnia and Herzegovina, Mace-
donia, Croatia and Kosovo. Data were collected 
through three focus group interviews (16). 
The inclusion criteria were women who were 
immigrants in Sweden and had lived in Sweden 
for more than 10 years. Forty-five women, in five 
groups, were invited to participate in the study 
and 39 agreed. The women were aged 29 to 73 
years (mean 52.5 years). The interviews and all 
communication were carried out in Bosnian and 
Swedish (Table 1). 

Variables No (%) of participans
Educational level
Elementary school 30 (77)
High school/university 5 (14)
Master’s 3 (7)
Doctoral/postdoctoral education 1 (2)
Total 39 (100)
Age (years)
20-30 3   (7)
30-39 9 (24)
40-50 13 (33)
51-59 5 (13)
60-70 6 (16)
> 70 3 (7)
Total 39 (100)
Lived years in Sweden
10-20 6 (16)
20-30 25 (65)
30-40 4 (10)
40-50 3 (7)
> 50 1 (2)
Total 39 (100)
Employment
Employed 7 (17)
Unemployed 28 (73)
Pensioner 4 (10)
Total 39 (100
Country of Birth
Bosnia and Herzegovina 19 (50)
Macedonia 7 (17)
Kosovo 9 (23)
Croatia 4 (10)
Total 39 (100)
Religion
Islam 27 (70)
Christian Orthodox 8 (20)
Catholics 4 (10)
Total 39 (100)

Table 1. Characteristics of the study population

All participants were given information relating 
to the study including its voluntary nature and the 
fact that they could withdraw at any time without 
experiencing penalties or loss of access to servi-
ces. All women provided signed informed con-
sents before the interviews.
Since there was no physical intervention, and no 
information on individual health issues was in-
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volved in the study, there was no need to invol-
ve the ethical board, according to Swedish law 
(19). The World Medical Association Declaration 
of Helsinki (20) was followed carefully and the 
informants’ identities were protected, i.e. their 
names and personal identity numbers were not 
stated in the recordings or any publications.

Methods

Data were collected by the author through group 
interviews using individualized open-ended que-
stions following an interview guide inspired by 
Kvale (17). The interviews were performed from 
September 2017 to February 2018. The opening 
questions were “What do you know about organ 
donation?”, “Would you consider donating your 
own organs or organs of a member of your fa-
mily?” and “Has your opinion on organ dona-
tion changed by coming to Sweden?” The initial 
questions were supplemented with other short 
questions such as “Could you please tell me more 
about that?” and “What do you mean by that?”. 
All contacts with the participants were arranged 
in collaboration with a key person in a Bosnian 
and Croatian association in the western part of 
Sweden. Women who fulfilled the inclusion cri-
teria were asked to participate in the study and 
when the key person had recruited enough parti-
cipants, the first author of the study was contac-
ted, and the interview was arranged. The inter-
views were carried out in groups at the Bosnian 
and Croatian association. They lasted between 
60 and 90 minutes, were taped and transcribed 
verbatim. 

Statistical analysis

The qualitative content analysis method, in 
accordance with Graneheim and Lundman (18), 
was chosen for the analysis and interpretation of 
the collected data. A manifest analysis of the text 
was made and the transcripts were read carefully 
in order to identify the women’s experiences and 
conceptions. The analysis then proceeded by 
extracting meaningful units, consisting of one or 
several words, sentences, or paragraphs, contai-
ning aspects related to each other and addressing 
a specific topic in the material. These meaningful 
units, connected to each other by their content 
and context, were then abstracted and grouped 
together into a condensed meaningful unit with a 

description close to the original text. The conden-
sed text was further abstracted and labelled with 
a code. Codes that addressed similar issues were 
then grouped together resulting in subcategories 
and subcategories that focused on the same pro-
blem and were brought together to create more 
extensive concepts, which addressed an obvious 
issue (Table 2). The results were presented with 
direct quotations from the interviews (Table 3).

Step Description

I Meaning unit
The first step is to identify the words, sentences and para-
graph that have the same essential meaning and contain as-
pects related to each other through their content and context.

II Condensed meaning unit description close to the text
Meaning units related to each other through their content 
and context were then abstracted and grouped together into 
a condensed meaning unit, with a description close to the 
original text.

III More condensed meaning unit interpretation of the 
underlying meaning
The condensed text in the meaning unit was further abstrac-
ted and interpreted as the underlying meaning and labelled 
with a code.

IV Subcategories
Codes were grouped together based on their relationship and 
codes that addressed similar issues were grouped together in 
subcategories.

V Categories
Subcategories that focused on the same problem were brou-
ght together in order to create more extensive conceptions.

VI Theme
Finally, a theme that covers the analysed text links the 
categories that appeared and emerged from the text. 

VII Direct quotes
Presentation of results with direct quotes from the interviews.

Table 2. Illustration of the analysis process in various stages 
modified from Graneheim & Lundman (18)

Category Subcategories Theme

Ignorance about organ 
donation

Anthropological aspects 
in organ donation

Lack of information
Indifference towards organ 

donation
Lack of education

Cultural beliefs
Religious beliefs

The family
Views about organ donation 

in Sweden

The change 
in the state of 
residence does 
not change the 
decision on the 

donation

Table 3. Overview of the theme, categories and subcategories

RESULTS

The analysis of the text resulted in two main ca-
tegories and seven subcategories based on how 
women described their situation regarding OD 
(Table 3).
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Ignorance about organ donation 

Regarding knowledge and information about 
OD, most women deemed it very important to be 
able to talk about such things. However, the level 
of knowledge and information about OD among-
st almost all women was very low. Some of them 
attributed this to a challenging life, some to lack 
of time and some to education, while other wo-
men did not even think about it and were totally 
uninterested.

Lack of information

The majority of the women blamed their igno-
rance on insufficient access to information on 
the donation of organs. They also drew a parallel 
with their home countries where information 
about this issue is still scarce.
“I think that a little talk about the donation of 
organs, providing information, should be offered, 
without us asking for information.”

Indifference towards organ donation 

The majority of the women had been preoccu-
pied with other life issues and therefore had not 
thought about organ donations, either as someo-
ne who might need an organ now or as someone 
who might need an organ in the near future. Most 
of the respondents also showed a complete lack 
of interest in OD.
“I do not know anything about it”, “as God de-
cides”, “I will never be interested in it”, “I will 
think about it when the time comes for it.”

Lack of education

One of the important factors that most women 
in this study highlighted was the education they 
received about organ donation. They stressed 
that despite their desire to be informed about or-
gan donation, their educational potential is low 
which creates problems. A large number of the 
women came to Sweden at the beginning of the 
war in the Balkans, and they prioritized other 
things over education and the continuation of 
their education.
“When I came to Sweden my life changed com-
pletely”, “I have prioritized other things rather 
than school”, “It was important to survive, 
everything else had to wait.”

Anthropological aspects of organ donation

The energy shown by these women in their stories 
about their people, habits and religion was visible 
throughout all the interviews. In all interviews and 
in all women, a strong anthropological sense of 
ethnicity and religious commitment were visible 
alongside clear evidence of the influence of religi-
on and prejudice, pride and dignity, and great love 
and loyalty to the state. However, these characte-
ristics negatively affected the possibility of OD 
in those women. Almost all the interviewed were 
against the donation of organs, precisely because of 
the role played by the factors above in their lives. 

Cultural beliefs

Most women stated that culture is very important 
to people and that culture and affiliation with cul-
ture remains with people all the time. They also 
stressed that, regardless of the relative comfort of 
life in Sweden, all of them had cultural “bagga-
ge”, which they carried with them day and night.
“I was born far away from here, we don’t ever 
talk about organ donations, as it is in Sweden.”
“Culture is something that sucks human beings 
in and involves your entire life.”

Religious beliefs

One of the most important things involved in the 
decision to donate organs is religion and  religio-
us prejudices that most women mentioned in this 
study. All the women retained their beliefs and 
religious affiliation when they came to Sweden 
and these religious preoccupations and beliefs 
pushed aside other things, such as organ donati-
on. The majority of women have also demonstra-
ted that prejudices can play a role in decisions 
about organ donation.
“I was religious in my country and I am religious 
here too.” “My religion allows the donation of 
organs, but I’m not for it.” “I heard that if you 
donate your kidney to someone after death you 
have problems with urination.” There were also 
opposing opinions: “I am a Catholic and my re-
ligion allows the donation of organs and I will 
donate my organs after death.”

The family

Family and familial relationships are unexpected-
ly very important for the women. All the women 

Krupić et al.  Immigrant women in Sweden and organ donation



Medicinski Glasnik, Volume 15, Number 2, August 2018

196

stressed that it is very important for a family to 
consider certain things, and all the women stressed 
that all possible donations of organs should first 
occur in the family circle, for a member of the fa-
mily. Other possibilities were not even considered.
“I would only donate my organs to my family, my 
son, daughter or husband.” “Family is everyt-
hing for me, if I need I will give my life for them.”

Views about organ donation in Sweden 

None the women changed their opinions and 
thinking about organ donation from that of their 
countries of birth. All women firmly emphasized 
that by coming to another state you do not be-
come a different person but rather you retain all 
the values you had before and with which you 
were born in your home country. The majority 
of women also emphasized that there are great 
opportunities for such a life in Sweden.
“I have lived in Sweden for 40 years and I am 
the same person as when I came to Sweden.” “A 
man does not change by changing state bounda-
ries.” “My opinion on the donation of organs is 
the same as it was 35 years ago.” “I do not think 
enough about the donation of organs, so I cannot 
change my thinking about it.”
The final minutes of discussion with the women 
were set aside for open discussion where the 
women could freely express themselves about 
the topic. Even then, all the women agreed that 
people do not change overnight, and people do 
not change by altering their place of residence. 
All the women agreed that they had retained the 
views on the donation of organs that they had had 
in their home countries.

DISCUSSION

This is the first study in Sweden regarding the atti-
tudes of immigrant women from four countries to 
the donation of organs, and the things that have 
affected their attitudes since they came to Sweden. 
The study has shown various features of the parti-
cipants. Information about organ donation, cultu-
ral background, religion, and prejudice were the 
issues that affect a person’s attitude to OD. Most 
subjects were interested in learning more about 
OD, but the information available was insufficient. 
The interviewed women said that they were not 
interested in OD because they did not know much 
about it, and they were not highly educated. This 

supports our earlier studies, when we interviewed 
non-Swedish nationals from a variety of backgro-
unds (21). They also stated that the scarcity of 
information given by medical staff has had the 
greatest effect on their attitude to OD (21).  Other 
research interviewed both males and females com-
paring their replies. This showed that women are 
more active in seeking information for themselves 
and others. They are key in providing information 
for their family, which may also affect others (22). 
It has been shown many times that the relationship 
between knowledge, information and attitudes to 
OD is very important (23,24). We also demonstra-
ted in this study that culture and religion, including 
religious beliefs and prejudices, are also signifi-
cant in relation to organ donation in the families of 
the women we interviewed. They showed strong 
affiliation with their culture and religious beliefs, 
pride and dignity, but also affection and commi-
tment to the country they were now living in. They 
were all practical believers who expressed their 
beliefs openly. This is in accordance with other 
research showing that these factors, in addition to 
linguistic barriers, race, and gender are important 
in deciding about OD (21,25,26). Some women 
in this research stated that they would not donate 
their organs because they believed their bodies be-
long to God, and that He should decide on matters 
of life and death. These beliefs are very important 
in decision-making regarding OD, as was also 
shown in another study (27). Religious beliefs 
were a very strong predictor of whether partici-
pants in the study would be willing to donate their 
organs to people outside their family. In another 
study we conducted, both genders provided the 
same results, even though they were from different 
countries (21). However, research in India (28) has 
shown that males and females decide differently 
about OD and that men are more likely to be do-
nors. This may be due to the higher level of educa-
tion of men in that country, or because men tend to 
watch television more often than women so they 
receive more information about OD (28). 
Our main interest in the present study was to le-
arn if moving to a different country could affect a 
person’s attitude to organ donation as there have 
been few such studies around the world. None of 
the women in our research altered their opinion 
about OD having changed their country of resi-
dence. Although they did mention that they had 
greater opportunities in Sweden, they stated very 
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clearly that people do not change when they move 
to a different country, but they take their up-brin-
ging and culture with them.  Although there are 
differences around the world in relation to organ 
donation, some things are the same. There is a 
need for donations in every country, and the need 
is growing. This includes all races and ethnicities. 
Sometimes the differences in terms of willingness 
to donation are due to economics, and social preju-
dice. Unfortunately, the races that need donations 
most are often those who are least willing to be 
donors. A great deal of work needs to be done to 
educate these groups and promote organ donati-
on to help meet the need. Furthermore, although 
many individual believers think otherwise, all the 
major religions have a positive stance towards 
organ donation and have published statements to 
this effect (29). People, and in this case women, 
who have come to Sweden from other countries 
are unwilling to adapt to the local culture, which 
includes the decision to donate their organs.
In conclusion, this study shows that the avai-
lability of information about OD, and cultural 
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ABSTRACT

Aim To assess whether the quality of diabetes care provided by a 
family medicine team changed over the course of four years and 
to identify potential gaps in our practice in order to improve it in 
the future.

Methods An audit was carried out for randomly selected 120 me-
dical records (MC) from the Diabetes Registry of patients with 
type 1 or 2 diabetes mellitus treated by one family medicine team 
for four consecutive years, from 2013 to 2016. We examined de-
mographic data (gender, age, diabetes type, family history), annual 
examinations (glycated haemoglobin, blood glucose, lipid profile, 
neurological examination, urinalysis, foot care, ocular fundus and 
body mass index), prescribed insulin or other drugs and patients’ 
education. 

Results  Over the years females dominated with the maximum 
of 63% in 2013. In most years type 2 diabetes occurred in 93% 
of patients. The acceptable level of monitoring included exami-
nation of ocular fundus, lipid profile or total cholesterol, blood 
pressure, fasting and postprandial blood glucose with more than 
80% annually. A low level of monitoring complications of diabetes 
was found on monofilament test, 26% in 2016, urinalysis, 20% 
in 2016 and examination of feet with the maximum of 46% in 
2013. Outcome measurement showed satisfactory levels of glyca-
ted haemoglobin of 60% in 2014, blood pressure 76% in 2014, fast 
56% and postprandial blood glucose of 73% in 2013. 

Conclusion We still need to find effective interventions that will 
lead to improvement of care for patients with diabetes in family 
medicine.

Key words: quality of care, diabetes, family medicine team
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ABSTRACT

Aim To assess whether the quality of diabetes 
care provided by a family medicine team chan-
ged over the course of four years and to identify 
potential gaps in our practice in order to improve 
it in the future.

Methods An audit was carried out for randomly 
selected 120 medical records (MC) from the Dia-
betes Registry of patients with type 1 or 2 diabe-
tes mellitus treated by one family medicine team 
for four consecutive years, from 2013 to 2016. 
We examined demographic data (gender, age, 
diabetes type, family history), annual examina-
tions (glycated haemoglobin, blood glucose, li-
pid profile, neurological examination, urinalysis, 
foot care, ocular fundus and body mass index), 
prescribed insulin or other drugs and patients’ 
education. 

Results  Over the years females dominated with 
the maximum of 63% in 2013. In most years 
type 2 diabetes occurred in 93% of patients. The 
acceptable level of monitoring included exami-
nation of ocular fundus, lipid profile or total cho-
lesterol, blood pressure, fasting and postprandial 
blood glucose with more than 80% annually. A 
low level of monitoring complications of dia-
betes was found on monofilament test, 26% in 
2016, urinalysis, 20% in 2016 and examination of 
feet with the maximum of 46% in 2013. Outco-
me measurement showed satisfactory levels of 
glycated haemoglobin of 60% in 2014, blood 
pressure 76% in 2014, fast 56% and postprandial 
blood glucose of 73% in 2013. 

Conclusion We still need to find effective inter-
ventions that will lead to improvement of care for 
patients with diabetes in family medicine.

Key words: quality of care, diabetes, family me-
dicine team

INTRODUCTION

Diabetes mellitus is a chronic non-communicable 
disease. Huge, constant increase of economic and 
medical costs for diabetes mellitus type 2 requires 
timely prevention of this disease and energetic tre-
atment of an already existing one (1). The increa-
sing number of patients worldwide is taking pande-
mic proportions. According to the latest data from 
the International Diabetics Federation of 2016, the-
re are around 415 million people with diabetes re-

gistered in the world (2), and the assumption is that 
46% more are still unregistered. According to the 
same source, in Bosnia and Herzegovina (B&H) 
diabetes is registered in 363,600 adults (20-79 ye-
ars), and it is estimated that 157,800 adults  have 
undiagnosed diabetes. According to the data from 
2015, diabetes mellitus in B&H is in the fifth place 
in Europe with the disease prevalence of 12.3% of 
the adult population aged 20-79 (2).
The role of the family medicine team in the care 
of patients with diabetes mellitus is very impor-
tant and significant in prevention and early de-
tection, treatment, as well as early detection and 
treatment of complications and assessment of the 
quality of health care (3).
Despite the usefulness and effectiveness of 
glycaemic control, blood pressure and hyperlipi-
demia control interventions, the implementation 
of comprehensive care standards for diabetes re-
mains suboptimal (4,5). Although the role of fa-
mily medicine in diabetics is particularly impor-
tant, the utilization of clinical recommendations 
for diabetes is inadequate and insufficient at the 
primary health care level, therefore, an increasing 
number of patients with diabetes remains at high 
risk (3-5). No special organisational model has 
proved to be superior. A correct assessment of qu-
ality of care indicators should take into account the 
heterogeneity of type 2 diabetes mellitus as well 
as the socio-economic status and the ethnicity of 
the patient population (6). It can be achieved by 
structured systematic care of patients in general 
practice. This needs to be underpinned by infor-
mation systems that assist with recall and audit, 
along with provider education, multidisciplinary 
team work, and shared care with specialist servi-
ces (3). The addition of patient education to the-
se interventions and the enhancement of the role 
of nurses in diabetes care led to improvements in 
patient outcomes and the process of care (4). 
Clinical audit presents a practical approach to 
systematically evaluate the quality of patient 
care, and identify treatment gaps between current 
practice and target goals (7,8). Several clinical 
audits reported modest improvements in some 
key indicators (3-10). 
The aim of this study was to assess whether the 
quality of diabetes care provided by one family 
medicine team in Primary Health Care Zenica was 
changed over the course of four consecutive years 
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from 2013 to 2016, and to identify potential gaps 
in our practice in order to improve it in the future. 

PATIENTS AND METHODS

Patients and study design

Medical audit as a method of assessment of care 
quality (7) using retrospective analysis of medical 
chart based on explicit criteria and standards was 
done. Data were collected retrospectively using 
chart review and it was done for the period of 
four consecutive years for the period 2013- 2016. 
An audit was carried out by randomly selected 30 
medical records (MC) from diabetes registry of 

No (%) of patients during the year
2013 2014 2015 2016

Gender
Females 19 (63) 18 (60) 18 (60) 15 (50)
Males 11 (36) 12 (40) 12 (40) 15 (50)
Type of diabetes mellitus
Type 1 3 (10) 2 (6,6) 2 (6,6) 2 (6,6)
Type 2 27 (90) 28 (93) 28 (93) 28 (93)
Family history of diabetes
Yes 14 (46) 18 (60) 18 (60) 25 (83)
No 16 (53) 12 (40) 12 (40) 5 (16)

Table 1. Demographic and clinical characteristics of 120 
patients with type 2 diabetes in the period 2013-2016

No (%) of patients examined
per year

Parameter 2013 2014 2015 2016
Neurological (monofilament) 0 (0 ) 5 (16) 8 (26) 8 (26)
Urinalysis for albuminuria 0 (0 ) 1 (3) 1 (3) 6 (20)
Examination of feet 14 (46) 7 (23) 7 (23) 12 (40)
Examination of ocular fundus 24 (80) 28 (93) 28 (93) 14 (46)
Lipid profile or total cholesterol 30 (100) 28 (93) 28 (93) 26 (86)
Blood pressure 27 (90) 25 (83) 25 (83) 25(83)
Glycated haemoglobin 29 (96) 20 (66) 20 (66) 25 (83)
Fasting Blood glucose 29 (96) 28 (93) 28(93) 27(90)
Postprandial blood glucose 29 (96) 20 (66) 23 (76) 23 (76)
Measured BW, BH and BMI 30 (100) 13 (43) 13 (43) 20 (66)

Table 2. Clinical and laboratory investigations performed on 
120 patients during the period 2013-2016

BW, body weight; BH, body height; BMI, body mass index

No (%) of patients per year 
Prescribed therapy 2013 2014 2015 2016
Oral hypoglycaemic agents 
(OHA) 15 (50) 16 (76) 15 (50)       26 (86)

Insulin only 6 (20) 7 (23) 7 (23) 12 (40)
OHA with insulin 8 (26) 7 (23) 7 (23) 8 (26)
Have a return appointment 
scheduled 30 (100) 27 (90)      13 (39) 13 (39)

Patients education about 
diabetes 30 (100) 30 (100) 30 (100) 23 (76)

Self-monitoring of blood 
glucose/3 months 29 (96) 17(56) 17 (56) 15 (50)

Table 3. Management and treatment of 120 patients with 
diabetes included in the clinical audit performed in the period 
2013-2016

No (%) of patients with targeted 
values per year 

Parameter 2013 2014 2015 2016
HbA1C<7% 14 (46) 18 (60) 14 (46) 14 (46)
Fasting Blood glucose<7 
mmol/L 17 (56) 13 (43) 12 (40) 16 (53)

Postprandial Blood glucose< 
11.1mmol/L 22 (73) 20 (66) 20 (66) 18 (60)

Blood pressure≤140/90 mmHg 13 (43) 23 (76) 20 (66) 20 (66)

Table 4. Comparison of target parameters and clinical out-
come of diabetes care performed on 120 patients during the 
period 2013-2016

patients with type 1 or 2 diabetes mellitus treated 
by one family medicine team in Primary Health 
Care Zenica, Bosnia and Herzegovina. From a 
diabetes registry containing records of 118 pati-
ents with diabetes, every fourth patient medical 
record was taken to total 30 records annually, re-
sulting in a total of 120 patient MCs in four years.

Methods

The questionnaire of the Agency for Quality and 
Accreditation in Health – AQAH in the Federati-
on of Bosnia and Herzegovina addressing outcome 
and process of care measures for  early detection of 
complications and long-term management of dia-
betes was used (6): regular measurement of body 
mass inex (BMI) and blood pressure on every visit 
to the family medicine team (yes/no), urine albu-
min and blood creatinin, fasting glucose or glyca-
ted haemoglobin (HbA1C), and lipid profile or total 
cholesterol (yes/no), feet and ocular fundus exami-
nation (yes/no), and neurological examination with 
monofilament test in the last 15 months of period. 

Statistical analysis

Descriptive statistical methods to examine and 
describe the data were used. Results were pre-
sented in a table with the number and percentage 
of patients with diabetes and their parameters, as 
well as the levels of the required parameters. 

RESULTS

Our study was based on the analysis of 120 me-
dical records of  patients with diabetes mellitus 
during the four-year period. During almost of all 
four years female patients were more represented 
than males, with the maximum of 63% in 2013. 
The largest number of patients had type 2 diabe-
tes mellitus, 93%. Family history of diabetes was 
found in majority of patients, with the maximum 
of 83% in 2016. (Table 1).   
Monitoring of the process of care and the occu-
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rrence of diabetes complications were followed 
by the number of patients’ examinations conduc-
ted in the previous 15 months prior to each of 
the four consecutive years. The number of per-
formed examinations of monofilament test and 
urinalysis was improved in 2016, eight (26%) 
and six (20%), respectively, comparing to 2013, 
where there were no registered examinations for 
both periods. Contrary to this, the number of feet 
examinations decreased from 14 (46%) in 2013 
to 12 (40%) in 2016, as well as for ocular fundus 
from 24 (80%) in 2013 to 14 (46%) in 2016. The 
number of patients with recorded lipid profile de-
creased from 30 (100%) in 2013 to 26 (86%) in 
2016, blood pressure measured decreased from 
27 (90%) in 2013 to 25 (83%) in 2016, HbA1C 
measurement decreased from 29 (96%) in 2013 
to 25 (83%) in 2016. Most patients were tested 
for fasting blood glucose and postprandial blood 
glucose in 2013, 29 (96%). The number of me-
asurements of body weight (BW), body height 
(BH) and body mass index (BMI) decreased from 
30 (100%) in 2013 to 20 (66%) in 2016 (Table 2). 
The number of patients who received oral hypo-
glycaemic agents (OHA) and had insulin therapy 
prescribed increased from 15 (50%) and six (20%), 
respectively, in 2013 to 26 (86%) and 12 (40%), 
respectively, in 2016. Over the years, the number 
of patients who were prescribed OHA with insulin 
was almost equal, eight (26%) (Table 3).
The number of patients with normal HbA1C 
(≤7%) decreased from 18 (60%) in 2014 to 14 
(46%) in 2016, as well as number of those with 
normal fasting blood glucose (<7 mmol/L) and 
postprandial blood glucose decreased from 17 
(56%) and 22 (73%), respectively,  in 2013 to 16 
(53%) and  18 (60%), respectively, in 2016. The 
number of patients with normal blood pressure 
(≤140/90 mmHg) increased from 13 (43%) in 
2013 to 20 (66%) patients in 2016 (Table 4).    

DISCUSSION

With this audit of diabetes care we, as a family 
medicine team, wanted to examine how we could 
manage our patients and achieve recommended 
goals of management and treatment of diabetes. 
Our study has shown lack of monitoring of the 
process of care among patients with diabetes 
over the years. Actually, we had an increment 
for individual measurements, but unsatisfactory 

for monofilament test (26% in 2016), urinalysis 
(20% in 2016) and examination of feet (46% 
in 2013). Although the level of monitoring of 
complication of diabetes changed over the ye-
ars, it was at an acceptable level for examina-
tion of ocular fundus, lipid profile, blood pre-
ssure, fasting blood glucose and HbA1C with 
more than 80% during most of the study period. 
Compared to a study conducted in Bosnia and 
Herzegovina (B&H) by monitoring parameters 
in 18 family medicine teams at 5 locations they 
had better results comparing to the results of 
this study for the examination of renal function 
54.1% and 20%, respectively, feet examinati-
on 53.4% and 46% respectively, ocular fundus 
53% and 46%, respectively, neurological exa-
mination 35% and 26%, respectively (6). Com-
paring to the previous one this study obtained 
better results for the following measurements: 
BMI  66% compared to 25%; HbA1C  83% 
compared to 26%, lipid profile examined 80% 
compared with 75%  and blood pressure mea-
sure 80%  versus 67.2% in the B&H study (6).  
In a Canadian study, almost all patients had a 
documented blood pressure and lipid profile; 
more than half (60%) had a record of the weight 
and/or BMI (11). Another similar B&H study 
conducted in Zenica, analysed indicators of the 
control of people with type 2 diabetes - on the 
sample of 853 charts, insufficient percentage of 
records was shown for HbA1c (37.8%), fundus 
oculi (40.8%), foot examination (47.1%) and 
for urinalysis (56.3%) (12). 
According to the Family Medicine Standards 
issued by the AQAH FB&H in 2014 (6,13), in 
the clinical audit of the management of diabe-
tes mellitus, it is predicted that body mass index 
and waist circumference, examination of ocular 
funds and foot, testing of neuropathy with mo-
nofilament, urinoanalysis and registered HbA1c 
need to be done for the last 15 months. Each of 
the individual criteria for assessing the quality of 
care for people with diabetes was estimated by 
reviewing 20 medical records. In fact, in 16 out 
of 20 medical records of patients with diabetes, 
each of the suggested parameters of the Family 
Medicine Standards should be found (6,13). 
Outcome measure showed that the normal level 
(less than or equal to 7.0) of HbA1C increased 
from 46% in 2013 to 60% in 2014 and decreased 
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to 46% in 2015 and 2016. In Canada HbA1C was 
within the target value (less than or equal to 7.0) 
in 76% of patients (11). In a B&H study normal 
HbA1C was found in 40.9% in only one primary 
health centre (6). An American study showed that 
40.5% of patients had values less than 7%. Nor-
mal fasting blood glucose decreased from 56% 
in 2013 to 53% in 2016, in the B&H study it was 
found in 54.5% of patients (6). Finally, normal 
blood pressure increased from 43% in 2013 to 
76% in 2014 and decreased to 66% in 2015 and 
2016. Similar results were also obtained in the 
B&H study (6). The American study showed that 
only 35.3% of patients had adequate blood pre-
ssure control (14). 
The limitations of the study could be a relatively 
small number of the charts per year for one team 
of family medicine. Each year, we randomly se-
lected data from 30 charts from Diabetes Regi-
sters without considering the duration of the dise-
ase. Consequently, the patients with a long-term 
illness and expected worsening of the disease 
were compared with newly diagnosed patients in 
whom we expected improved levels of glycaemia 
and less complications of diabetes; on average, 
all patients might have falsely better outcome of 
the disease. Also we did not make a difference 
in the management and treatment of the disea-

se regarding age, gender and whether or not the 
patients had taken insulin only, oral therapy or a 
combination of medications.
Multilevel models showed that patient ethnicity, 
practice type, involvement of midlevel clinicians, 
and the treatment were all associated with HbA1c 
level (14). Actually, interventions for type 2 dia-
betes in primary care are better targeted at indivi-
duals with very poor glycaemic control (15). Eli-
mination of clinical inertia, finding solutions for 
lack of guidelines about diabetes care in family 
medicine practice, reduced daily check-ups and 
administrative overload with increased financial 
incentives for family medicine teams may con-
tribute to improved services and better clinical 
outcomes (16-19).
Compared with other studies, these results highli-
ght that we need better understanding of possible 
reasons of such fluctuations in diabetes care over 
the years, as well as the reasons for the lack of 
causal relationship between the process of diabe-
tes care and outcome of the measures (20). 
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