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ABSTRACT

Venous thromboembolism, including pulmonary embolism 

and deep vein thrombosis, is a signifi cant factor in morbidity 

and mortality of patients. New oral anticoagulants, such as 

apixaban, dabigatran, and rivaroxaban, have recently demon-

strated their safety and effi  cacy in patients undergoing major 

orthopaedic surgery. Selection of the appropriate drug should 

be adjusted according to patient needs. Major bleeding is rare 

with new oral anticoagulants and is comparable with the bleed-

ing rate associated with low-molecular-weight heparins. Clini-

cal data indicate that therapy with apixaban and rivaroxaban 

was more eff ective compared to enoxaparin, while dabigatran 

has a similar effi  cacy to enoxaparin. Cost-eff ectiveness studies 

of new oral anticoagulants showed that these medicines off er 

higher effi  cacy with acceptable costs for the healthcare system, 

even saving costs in certain cases. Clinical practice in Serbia re-

fl ects considerably more frequent use of traditional anticoagu-

lant medication therapy compared to new oral anticoagulants.

Keywords: new oral anticoagulant, orthopaedic surgery, 

clinical outcomes, economic outcomes
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SAŽETAK

Venska tromboembolija, koja uključuje plućnu em-

boliju i duboku vensku trombozu, predstavlja značajan 

faktor morbiditeta i mortaliteta pacijenata. Novi oralni 

antikoagulansi, poput apiksabana, dabigatrana i rivarok-

sabana, su nedavno pokazali svoju bezbednost i efi kasnost 

kod pacijenata koji se podvrgavaju velikim ortopedskim 

intervencijama. Izbor odgovarajućeg leka treba prilagoditi 

individualnim potrebama pacijenta. Velika krvarenja su 

relativno retka u toku primene novih oralnih antikoagula-

nasa i uporedivi su sa stopom krvarenja prilikom prime-

ne nisko-molekularnih heparina. Klinički podaci ukazuju 

da je terapija apiksabanom i rivarokabanom efi kasnija u 

odnosu na enoksaparin, dok dabigatran ima slične efekte 

kao enoksaparin. Troškovna isplativost novih oralnih an-

tikoagulanasa potvrđuje veću efi kasnost sa prihvatljivim 

troškovima za zdravstveni sistem, u nekim slučajevima 

čak i sa uštedama.

Ključne reči: novi oralni antikoagulansi, ortopedska hi-

rurgija, klinički ishodi, ekonomski ishodi

REVIEW PAPER    REVIJALNI RAD    REVIEW PAPER    REVIJALNI RAD    REVIEW PAPER 

INTRODUCTION

Venous thromboembolism (VTE), which includes pul-

monary embolism (PE) and deep vein thrombosis (DVT), is a 

significant factor in morbidity and mortality of patients. The 

incidence of VTE in the world is approximately 1 person per 

1,000 in one year, while 180 000 deaths are annually recorded 

in the United States as a result of VTE (1-3). In Europe, 1.66 

million cases of non-fatal symptomatic VTE are recorded 

per year (4). In the majority of hospitalized patients, clot pre-

disposing factors are present, especially in orthopaedic and 

surgical patients. High risk of VTE is present in patients who 

are undergoing knee and/or hip surgery. According to clinical 

studies, the percentage of venography that confirmed DVT in 

major joint surgery without the use of prophylaxis is between 

40% and 85% (5, 6). Therefore, pharmacological prophylaxis 

represents a very important factor in the reduction of mor-

bidity and mortality in patients who are undergoing major 

orthopaedics surgeries. For many years, warfarin and low-

molecular-weight heparins were applied with prophylactic 

purposes. However, all of these drugs have certain limitations 

in modern clinical practice (7). In the last several years, sever-

al new oral anticoagulants were approved for the prevention 

of VTE in these patients (8).
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CLINICAL OUTCOMES OF NEW ORAL ANTICO-
AGULANTS

New oral anticoagulants (NOA), such as apixaban, dab-

igatran, and rivaroxaban, have recently demonstrated their 

safety and efficacy. These NOAs are currently considered 

to be an alternative to warfarin. The new oral anticoagu-

lants have a predictable and stable pharmacokinetics with 

low potential for interaction. These medicines do not need 

continuous monitoring or frequent adjustment of dose, 

and there is a low probability that they will cause intracra-

nial bleeding (8). The development of NOA that is used in 

orthopaedic surgery has great clinical significance.

Apixaban
Apixaban is a direct and reversible factor Xa inhibitor 

(9). Studies for the prevention of DVT in animal models 

showed that apixaban has adequate efficiency. The recom-

mended daily dose is 2.5 mg orally twice daily. To minimize 

undesirable outcomes, the starting dose should be initiated 

12-24 h after the surgery (10). Apixaban has good bioavail-

ability, low clearance and low potential for interactions 

with other drugs and is eliminated by urine, bile and faeces 

(11). In 2011, apixaban was approved in Europe for pre-

vention of DVT in patients who had elective hip or knee 

replacement surgery. For this indication, apixaban is avail-

able in more than 50 countries (12). Use of apixaban in the 

prevention of DVT is supported by 3 clinical trials, known 

as the ADVANCE clinical studies (13-15). The studies were 

designed to assess the safety and efficacy of apixaban in 

more than 11,500 patients, of which 5770 patients were on 

apixaban and 5,755 patients were on enoxaparin. 

ADVANCE-1 (13) and ADVANCE-2 (14) studies have 

evaluated the use of apixaban in patients who underwent 

elective knee replacement surgery, while the ADVANCE-3 

study (15) evaluated the effects in patients who under-

went elective hip replacement surgery. During Phase III 

in all three ADVANCE studies, the primary efficacy end-

point composed of all VTE and all-cause mortality were 

followed, while for the safety assessment, the occurrence 

of bleeding during treatment was followed. Apixaban 

showed a statistically superior reduction in the primary 

endpoint compared to enoxaparin in both elective hip or 

knee replacement surgery. The risk of major bleeding after 

administration of apixaban was significantly lower com-

pared to enoxaparin (OR = 0.55; 95% CI 0.32, 0.96) (16). 

Apixaban parameters of efficacy and safety compared to 

warfarin have been published in 2012, and these results are 

even more convincing compared to enoxaparin. Incidence 

of VTE and all-cause mortality were 9% in the apixaban 

group compared to 26.6% in the warfarin group. The in-

cidence of bleeding was comparable between groups (17).

Dabigatran
Dabigatran is a direct thrombin inhibitor, which conse-

quently results in antiplatelet activity. Dabigatran is indi-

cated for the primary prevention of VTE in adult patients 

undergoing elective total hip or knee replacement surgery. 

Key studies have shown that dabigatran has similar ef-

ficacy and safety as enoxaparin. Compared to vitamin K 

antagonists (warfarin), dabigatran provides a number of 

advantages, including the lack of interaction with food, 

oral administration, no risk of thrombocytopenia and a 

predictable anticoagulant effect. Dabigatran clinical trials 

in the US and Europe estimated its importance for preven-

tion of thromboembolic events. In 2008, dabigatran was 

approved by the EMA for the primary prevention of VTE 

in patients who underwent total hip or knee replacement 

(18). The results of post-marketing studies (RE-study) ad-

ditionally confirmed the validity of dabigatran use in pre-

vention of VTE in orthopaedic patients compared to low-

molecular-weight heparin (19).

Later meta-analysis of the RE-MODEL, RE-NOVATE 

and RE-MOBILIZE studies showed that there were no 

significant differences in efficacy between dabigatran and 

enoxaparin, including the total VTE and mortality (20).

The latest study from 2015 estimated the safety and 

efficacy of dabigatran for the prevention of VTE in pa-

tients undergoing total hip or knee replacement, but for 

those previously treated with low-molecular-weight hepa-

rins. The authors concluded that switching patients from 

low-molecular-weight heparin to dabigatran is a safe and 

effective pharmacotherapy. In addition, switching from 

a subcutaneous to an oral therapy offered an easier, less 

expensive, and more convenient route of administration 

for the patients and healthcare professionals (21). As with 

the other NOA, the major concerns regarding the safety 

profile are the frequency and severity of bleeding. In all of 

the abovementioned studies, the safety of dabigatran was 

comparable to that of the low-molecular-weight heparins. 

In the RE-studies, a similar safety profile of dabigatran 

and warfarin for risk of major bleeding was observed. The 

incidence of relevant bleeding, especially cerebral bleed-

ing, was low in patients who were treated with dabigatran 

compared to other anticoagulants in the Phase III study. 

This supports once more a desirable safety profile of dabi-

gatran (22). 

Rivaroxaban
Rivaroxaban is a direct and selective factor Xa inhibi-

tor (23). Rivaroxaban is approved in the United States and 

the European Union for the prevention of VTE in patients 

undergoing a total hip or knee replacement (24). In four 

RECORD studies, which included more than 12,500 pa-

tients, the efficacy of rivaroxaban was superior compared 

to enoxaparin in major orthopaedic surgery (25-28). The 

incidence of DVT and non-fatal PE was significantly low-

er in the rivaroxaban group compared to the enoxaparin 

group, regardless of whether it was an elective knee (30% 

to 50% reduction in incidence of VTE) or hip surgery (de-

creased for more than 70%). In addition, the safety profiles 

of these drugs were very similar. The latest international 

study XAMOS (Xarelto®, use in prophylaxis of surgical ve-

nous thromboembolism after major orthopaedic surgery 
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of the hip or knee) intended to provide additional infor-

mation on the assessment of the benefits and risks of use 

of rivaroxaban compared with standard VTE prophylaxis. 

More than 17,000 patients from 37 countries participated 

in this study between February 2009 and August 2011. Ri-

varoxaban was associated with a significantly lower rate of 

thromboembolic events. The relevant bleeding rate was 

similar between the two groups. Therefore, it was conclud-

ed that the non-intervention study XAMOS confirmed the 

results of the RECORD clinical trial (29).

ECONOMIC OUTCOMES OF NEW ORAL ANTI-
COAGULANTS

The cost-effectiveness of therapy certainly plays an 

important role in the selection of an appropriate antico-

agulant drug. There is a continued need for saving time 

and money in addition to maintaining the simplicity of the 

drug application. Use of aspirin, due to its low price and 

simple administration, is shown to be a good alternative 

to low-molecular-weight heparins after hip or knee sur-

gery (30). New oral anticoagulants play a significant role 

in reducing cost when compared to low-molecular-weight 

heparins (31).

Apixaban
A Canadian study analysed the cost-effectiveness of 

apixaban compared to enoxaparin in prophylactic therapy 

for DVT in patients undergoing total hip or knee replace-

ment. In the study, two economic models, decision tree 

and Markov model, were combined. The results showed 

that apixaban was better (more effective and less expen-

sive) than enoxaparin in treating patients undergoing ma-

jor orthopaedic surgery. Savings of USD180 to USD270 

per patient could be expected with apixaban treatment 

compared to enoxaparin treatment (32). Budgetary impact 

for the Spanish health system of apixaban prophylaxis of 

VTE in patients undergoing total knee or hip replacement 

showed that the inclusion of apixaban did not have any 

positive monetary impact, but led to a reduction in the rate 

of VTE and bleeding (33). In the British guidance of apixa-

ban, it is stated that apixaban was more clinically effective 

and less expensive than enoxaparin; however, it was also 

concluded that there was insufficient clinical evidence to 

determine whether apixaban was more or less clinically ef-

fective than another NOA (34).

Dabigatran 
For in- or out-patients in need for thromboprophylaxis 

after orthopaedic surgery, the total cost of enoxaparin ad-

ministration becomes higher than that of dabigatran, mak-

ing dabigatran therapy cost-effective for these groups of 

patients (22). The British guidance from 2008 concluded 

that dabigatran was likely to be of equivalent clinical and 

cost effectiveness to low-molecular-weight heparins for 

the prevention of VTE but had advantages in route of ad-

ministration since it did not have a need for monitoring, 

and demonstrated a reduction in administration costs and 

better adherence to treatment (35).

Rivaroxaban
The cost-effectiveness of rivaroxaban was assessed in 

several countries based on the data from the RECORD 

studies. In the Germany study, prophylaxis with rivar-

oxaban reduced the number of VTE events and provided 

cost savings (EUR27.3 saving per patient treated) com-

pared with enoxaparin (36). A cost-effectiveness study 

conducted for the Swedish health system showed that in 

patients undergoing total hip replacement, the extended 

prophylaxis for 35 days with rivaroxaban was cost-effec-

tive compared to 14 days of prophylaxis with enoxaparin 

or dalteparin. In total knee replacement patients, 14 days 

of rivaroxaban treatment was more effective and less ex-

pensive than 14 days of low-molecular-weight heparin 

prophylaxis for VTE (37).

CLINICAL PRACTICE IN SERBIA

Despite the availability of NOA, the dominant place in 

clinical practice in Serbia still use low-molecular-weight 

heparins and older anticoagulants, such as warfarin or 

acenocoumarol. The main reason for this is the limited 

availability of NOA in Serbia. Although all three NOAs 

have marketing authorization in Serbia, only dabigatran 

and rivaroxaban are on the reimbursement list (38). The 

supply of these two drugs is based on a centralized public 

procurement procedure.

Table 1 shows the IMS (IMS Health, IMS Health Da-

tabase) consumption data of pharmacological agents that 

are used in the prophylaxis of VTE during the four-year 

period (2012-2015). All data are presented according to the 

original packaging. A low-molecular-weight heparin, nad-

roparin, had the highest consumption over all four years.

Figure 1 shows the consumption of drugs used in the 

prophylaxis of VTE according to the WHO/DDD method-

ology. The defined daily dose (DDD) is a unit of measure-

ment that was proposed by the World Health Organization 

(WHO). DDD is defined as “the assumed average main-

tenance dose per day for a drug used for its main indica-

tion in adults.” Unit DDD represents the average dose for 

an adult weighing 70 kg in primary indication of the ATC 

classification system. This dose is independent from the 

price of the pharmaceutical form, while the concentration 

is in a single form and size of the package (39). The number 

of inhabitants each year is taken from the website of the 

Republic Institute for Statistics (40).

The highest consumption of pharmacotherapy for pro-

phylaxis of VTE was recorded during 2015 with a total 

8.21 DDD/1000 inhabitants/day. During the four years, 

the largest share in the consumption belonged to warfarin 

(41% in 2014; 58% in 2013). During the observed period, 

NOA consumption growth was recorded.
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Table 2 shows the volume of drugs used in the preven-

tion of VTE, which was obtained through public procure-

ment. The table shows data on an annual basis for 2014 

and adjusted data for 2015, considering the different time 

durations of public procurement.

CONCLUSIONS

In the future, an increase in the number of hip and knee 

operations is expected. For this reason, safe and effective 

prophylaxis is essential to reduce mortality and morbidity 

related to VTE. The NOAs have the potential to reduce 

the incidence of VTE after total hip and knee replacement. 

Therefore, NOAs can contribute to significant savings 

through the reduction of VTE rate, improved safety and 

reduced costs of monitoring and administration.

Implementation of NOAs in prophylaxis of VTE is 

easy and straightforward, but there are specific pharma-

cological differences between apixaban, rivaroxaban and 

dabigatran. Selection of the appropriate drug should be 

adjusted according to the patient needs. Major bleed-

ing is rare with NOA and comparable with the bleed-

ing rate with low-molecular-weight heparins. All NOAs 

have predictable pharmacokinetics with a short half-life. 

Clinical data indicate that therapy with apixaban and ri-

varoxaban was more effective compared to enoxaparin, 

while dabigatran has a similar efficacy to that of enoxa-

parin. Cost-effectiveness studies of NOAs showed that 

these medicines offer higher efficacy with acceptable 

INN Package, pharmaceutical form, strength 2012 2013 2014 2015

warfarin 30 tablets, 5 mg 372,867 404,686 325,543 461,714

acenocoumarol 20 tablets, 4 mg 134,614 103 163,665 253,596

heparin 5 ampules, 5000IU/0.25 ml 36,154 35,315 4,850 7

heparin 5 ampules, 5000IU/ml 28,849 34,158 35,743 46,633

heparin 10 ampules, 25000IU/5 ml 27,828 34,890 32,510 31,638

dalteparin 10 prefi lled syr., 2500IU/0.2 ml 15,831 19,168 13,550 13,880

dalteparin 10 prefi lled syr., 5000IU/0.2 ml 15,061 12,834 14,478 10,660

dalteparin 10 prefi lled syr., 10000IU/ml 60 74 50

enoxaparin 2 prefi lled syr., 2000IU/0.2 ml 24,552 27,528 4,048 27

enoxaparin 10 prefi lled syr., 2000IU/0.2 ml 3 3,499 3,679

enoxaparin 2 prefi lled syr., 4000IU/0.4 ml 103,176 117,359 10,162 3

enoxaparin 10 prefi lled syr., 4000IU/0.4 ml 807 23,925 27,017

enoxaparin 2 prefi lled syr., 6000IU/0.6 ml 72,912 84,697 5,621

enoxaparin 10 prefi lled syr., 6000IU/0.6 ml 548 18,659 20,696

enoxaparin 2 prefi lled syr., 8000IU/0.8 ml 47,661 55,532 989 1

enoxaparin 10 prefi lled syr., 8000IU/0.8 ml 402 9,766 10,455

nadroparin 10 prefi lled syr., 2850IU/0.3 ml 118,549 131,788 156,425 161,072

nadroparin 10 prefi lled syr., 3800IU/0.4 ml 20,050 26,674 30,968 42,319

nadroparin 10 prefi lled syr., 5700IU/0.6 ml 41,299 52,753 64,467 73,911

reviparin 10 prefi lled syr., 1750IU/0.25 ml 1.407

reviparin 10 prefi lled syr., 3436IU/0.6 ml 1,463

fondaparinux 10 prefi lled syr., 2.5 mg/0.5 ml 883 1,460 1,036 1,370

rivoroxaban 10 tablets, 10 mg 95 860 1,944 2,577

rivoroxaban 28 tablets, 15 mg 48 1,153 4,357

rivoroxaban 42 tablets, 15 mg 13 76 64

rivoroxaban 28 tablets, 20 mg 189 2,942 8,798

dabigatran 10 capsules, 110 mg 102 101 296 236

dabigatran 30 capsules, 75 mg 131 243 356 357

dabigatran 10 capsules, 75 mg 40 254 354 379

dabigatran 30 capsules, 110 mg 93 254 225 316

dabigatran 60 capsules, 150 mg 493 4,032 9,610

dabigatran 60 capsules, 110 mg 662 5,053 12,235

Table 1. Consumption of drugs used in the prophylaxis of VTE during the period 2012 - 2015 (IMS Health Database)
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Table 2. Consumption of drugs used in the prophylaxis of VTE through centralized public procurement in 2014 and 2015

* - Refers to the original packaging and not to individual forms (tablet)

INN Pharmaceutical form, strength Number of unit doses 

in 2014

Number of unit doses 

in 2015

warfarin 30 tablets, 5 mg (original pack) 140,000*

acenocoumarol 20 tablets, 4 mg (original pack) 45,250*

heparin ampule, 5000IU/0.25 ml 140,600 74,666

heparin ampule, 5000IU/1 ml 99,500 111,376

heparin ampule, 25000IU/5 ml 146,800 253,960

dalteparin prefi lled syr., 2500IU/0.2 ml 119,400 200,464

dalteparin prefi lled syr., 5000IU/0.2 ml 95,600 223,664

dalteparin prefi lled syr., 10000IU/ml 1,000 104

enoxaparin prefi lled syr., 2000IU/0.2 ml 32,700 25,096

enoxaparin prefi lled syr., 4000IU/0.4 ml 154,900 160,000

enoxaparin prefi lled syr., 6000IU/0.6 ml 115,000 144,512

enoxaparin prefi lled syr., 8000IU/0.8 ml 63,600 78,400

nadroparin prefi lled syr., 2850IU/0.3 ml 897,000 1,160,808

nadroparin prefi lled syr., 3800IU/0.4 ml 139,000 229,784

nadroparin prefi lled syr., 5700IU/0.6 ml 287,000 469,776

rivoroxaban tablet, 10 mg 3,000

dabigatran capsule, 75 mg 200

dabigatran capsule, 110 mg 800

Figure 1. Consumption of drugs used in the prophylaxis of VTE according to the WHO/DDD methodology from 2012 to 2015
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costs for healthcare system and, in certain cases, even 

presented with savings. NOAs represent an alternative to 

traditional anticoagulants due to the following advantag-

es: no titration of the dose, low capacity for interactions 

and no need for monitoring. In that line, NOAs are con-

sidered to be effective, acceptable in safety profile and 

a cost-effective alternative to parenteral pharmacologi-

cal prophylaxis. Clinical practice in Serbia reflects con-

siderably more frequent use of traditional anticoagulant 

medication therapy compared to NOA.
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ABSTRACT

Taken into consideration that molecular and cellular 

mechanisms involved in cardiotoxicity are still not clear the 

aim of this study was to compare the production of oxidative 

stress parameters in the isolated rat heart between animals 

chronically treated with cisplatin and saline. Th e hearts of 

male Wistar albino rats (n = 24, 12 per group, age 8 weeks, 

body mass 250±50 g) were excised and perfused according to 

the Langendorff  technique at gradually increased coronary 

perfusion pressures (40-120 cmH
2
O). We followed the produc-

tion of superoxide anion radicals, hydrogen peroxide, and ni-

trites and also index of lipid peroxidation during the changes 

of coronary perfusion pressure (CPP) (from 40 to 120 cm H
2
O) 

in coronary venous effl  uent. Modifi cations CPP were per-

formed in order to determined if oxidative stress is involved in 

coronary endothelium response in conditions of hypoxia (low-

er than 60 cm H
2
O) and hyperoxia (higher than 80 cm H

2
O).  

Based on the results of this research we can conclude that 

with enhancement of CPP the values of oxidative stress sta-

tistically increased. However, this increment is more promi-

nent in control group as a result of preserved endothelium 

and its more powerful response to hyperoxia. On the other 

hand, damaged endothelium of cisplatin-treated animals 

had weaker response to hyperoxia, and also lower antioxi-

dant capacity.    

Keywords: cisplatin, change of coronary perfusion pres-

sure, isolated rat heart, oxidative stress 
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SAŽETAK

Uzimajući u obzir činjenicu da molekulski i ćelijski me-

hanizmi nastanka kardiotoksičnosti nisu u potpunosti po-

znati cilj ovog istraživanja bio je da se uporedi nastajanje i 

oslobađanje parametara oksidacionog stresa kod izolovanog 

srca pacova između grupa tretiranih cisplatinom i fi ziološ-

kim rastvorom. Srca Wistar albino pacova (n = 24, 12 po 

grupi, starosti 8 nedelja, telesne mase 250±50 g) su izolo-

vana i perfundovana po Langendorff  tehnici pri rastućem 

koronarnom perfuzionom pritisku. Praćena je produkcija 

superoksid anjon radikala, vodonik-peroksida, nitrita i in-

deksa lipidne peroksidacije pri promeni koronarnog perfuzi-

onog pritiska (CPP) (od 40 do 120 cm H
2
O). Promena CPP je 

sprovedena sa ciljem da se utvrdi da li je oksidacioni stress 

uključen u odgovor koronarnog endotela u uslovima hipok-

sije (pritisci niži od 60 cm H
2
O) i hiperoksije (pritisci viši od 

80 cm H
2
O).

Na osnovu rezultata ove studije možemo zaključiti da sa 

porastom vrednosti CPP vrednosti oksidacionog stresa sta-

tistički značajno rastu. Međutim ovo povećanje je izraženije 

u kontrolnoj grupi usled bolje očuvanosti endotela i njegovog 

jačeg odgovora na hiperoksiju. Sa druge strane endotel kod 

životinja tretiranih cisplatinom je oštećen i ima lošiju spo-

sobnost da odgovori na hiperoksiju kao i smanjen antioksi-

dacioni kapacitet.

Ključne reči: cisplatina, promena koronarnog perfuzio-

nog pritiska, izolovano srce pacova, oksidacioni stress

ABBREVIATIONS

CK - creatine kinaze 

CPP - coronary perfusion pressure 

cTnI - Cardiac Troponin I

GSH - glutathione 

H
2
O

2
 - hydrogen peroxide 

NADPH - nicotinamide adenine dinucleotide

phosphate hydrogen 

NO - nitric oxide 

NO
2

- - nitrites

Nrf2 - nuclear factor erythroid 2-related factor 2 

O
2

-. - superoxide anion radical 

ROS - Reactive oxygen species 

SOD - superoxide dismutase 

TBARS - thiobarbituric acid reactive substances 
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INTRODUCTION

Platinum chemotherapeutic agents are the princi-

pal therapeutics in the treatment of various cancers, 

including ovarian, testicular, and bladder cancer. Cis-

diamminedichloroplatinum(II) (cisplatin), as the parent 

compound, is one of the most-used and the most effective 

platinum-derived agents in treatment of malignancies. Cis-

platin binds to DNA, forming inter and intra-strand cross-

links, resulting in defective DNA templates, arrest of DNA 

synthesis in rapidly dividing cancer cells (1). However, its 

therapeutic use is limited by cellular resistance and severe 

side-effects in normal tissues (2-4). In the literature the 

most commonly mentioned side-effects are nephrotoxic-

ity, ototoxicity and peripheral neuropathy (5-7). Although 

not often cardiotoxicity is very serious and difficult side 

effect associated with cisplatin use. Acute vascular events 

were recorded during the drug administration, and may be 

associated with an increased long-term cardiovascular risk 

(8, 9). According to literature data cardiovascular events 

associated with cisplatin treatment are electrocardio-

graphic changes, arrhythmias, myocarditis, cardiomyopa-

thy and congestive heart failure (10). Toxic effects of cis-

platin may be due to inhibition of protein synthesis, DNA 

damage, peroxidation of the cell membrane, mitochondrial 

dysfunction (11).  

The mechanism of antitumor effects of cisplatin is al-

most fully known, but molecular and cellular mechanisms 

involved in cardiotoxicity are still not clear. Some experi-

mental and clinical studies support the opinion that an 

increase of biomarkers of oxidative stress is involved in 

cisplatin’s cardiotoxicity (12). It’s well known that toxic-

ity in numerous tissues and organ system such as liver, 

kidney, ear, and cardiovascular and nervous systems, in-

duced by drugs is mediated with oxidative stress. There 

are a lot of evidences that oxidative stress had important 

role in acute kidney injury induced by cisplatin usage. 

Reactive oxygen species (ROS) directly act on cell com-

ponents, including lipids, proteins and DNA, destroying 

their structure (13, 14). 

The aim of this study was to compare the production 

of oxidative stress parameters in the isolated rat heart in 

animals chronically treated with cisplatin. On this way, we 

wanted to assess the influence of this antitumor drug on 

ROS generation and potential oxidative damages. Modifi-

cations of coronary perfusion pressure were performed in 

order to determined if oxidative stress is involved in coro-

nary endothelium response in conditions of hypoxia (lower 

than 60 cm H
2
O) and hyperoxia (higher than 80 cm H

2
O).  

MATERIAL AND METHODS

Experimental protocol
This was chronic experimental study, conducted on 

male Wistar albino rats, (body weight 250±50g) aged 8 

weeks. The animals were divided into two groups (12 ani-

mals per group): experimental and control. Experimental 

group was treated with cisplatin for 4 weeks (4mg/kg body 

weight, once a week, intra-peritonealy). Control group was 

treated with saline for 4 weeks, once week, intra-perito-

nealy. After the four weeks of experimental protocol, the 

animals were anasthetized with ketamine (10mg/kg) and 

xylazine (5mg/kg) and then euthanized via cervical dislo-

cation (Schedule 1 of the Animals/Scientific Procedures, 

Act 1986, UK). 

All research procedures were carried out in accordance 

with European Directive for welfare of Laboratory animals 

N0 86/609 EEC and principles of Good Laboratory Practice 

(GLP), and approved by Ethical committee of the Faculty 

of Medical Science.

Isolated rat heart preparation
Following a quick thoracotomy and rapid cardiac ar-

rest by superfusion with ice-cold isotonic saline, the hearts 

were promptly excised and attached to the Langendorff ap-

paratus via aortic cannulation and then were retrogradely 

perfused under a constant perfusion pressure of 70 cmH
2
O 

with complex Krebs-Henseleit solution. The composition 

of the Krebs-Henseleit buffer (perfusion medium) was as 

follows (in mmol/l): NaCl (118); KCl (4.7); CaCl
2
 × 2H

2
O 

(2.5); MgSO
4
×7H

2
O (1.7); NaHCO

3
 (25); KH

2
PO

4
 (1.2); 

glucose (5.5). It was equilibrated with gas mixture (5% 

CO
2
-95% O

2
) at 37°C, (pH 7.4). 

Perfusion of the isolated rat heart
After 30 minutes period of stabilization at constant 

CPP of 70 cm H
2
O experimental protocol was conducted. 

The experimental protocol implied changing of perfu-

sion pressure from 40 cm to 120 cm. The isolated hearts 

were stabilized at each perfusion pressure and then the 

samples of coronary venous effluent were collected for 

biochemical analyses. The recorded values during the 

first measure at each perfusion pressure (40, 60, 80, 100 

and 120 cm H
2
O) were marked as values of control con-

ditions, while the second measure of parameters at each 

coronary perfusion pressure were marked as experimen-

tal conditions. 

Biochemical assays
Index of lipid peroxidation (Thiobarbituric Acid Reac-

tive Substances – TBARS)

The degree of lipid peroxidation in coronary venous 

effluent was estimated by measuring of thiobarbituric 

acid reactive substances (TBARS) using 1 % thiobarbitu-

ric acid (TBA) in 0.05 sodium hydroxide (NaOH) incu-

bated with coronary effluent at 100 °C for 15 minutes and 

read at 530 nm. Krebs-Hensenleit solution was used as a 

blank probe (15).

Nitrite determination
Nitric oxide was assessed as nitrite and quantified by 

the spectrophometric method using the Griess-reagent. 

0.5 ml of perfusate was precipitated with 200 μl of 30% 
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sulfosalicylic acid, vortexed for 30 min and centrifuged at 

3000 x g. Equal volumes of the supernatant and Griess’s 

reagent, containing 1% sulfanilamide in 5% phosphoric 

acid/0.1% napthalene ethylenediamine-dihydrochloride 

was added and incubated for 10 min in the dark and read 

at 543 nmol/l. The nitrite levels were calculated by using 

sodium nitrite as a standard (16).

Superoxide determination
The level of superoxide anion radical (O

2
-.) was mea-

sured using Nitro Blue Tetrazolium (NBT) reaction in 

TRIS-buffer with coronary venous effluent and read at 

530 nm. Krebs-Hensenleit solution was used as a blank 

probe (17).

Hydrogen peroxide determination
The level of hydrogen peroxide (H

2
O

2
) was measured 

using phenol red oxidation with H
2
O

2
 from coronary ve-

nous effluent in the presence of horse-radish peroxidase 

and read at 610 nm (18).

Substances
All substances necessary for the preparation of Krebs-

Henseleit buffer as well as Cisplatin were purchased from 

the company Sigma-Aldrich GmbH, Germany. For treat-

ment of control group and dissolution of cisplatin was used 

saline (0.9% NaCl, Hemofarhospital Logica) comercially 

purchased.  

Statistical Analysis
All values are expressed as mean ± SD. Wilcoxon signed 

rank test and Mann Whitney test were used in statistical 

analysis, p values less than 0.05 were considered to be sta-

tistically significant and p values less than 0.01 were con-

sidered to be statistically high significant. Wilcoxon signed 

rank test (for difference between related samples) was used 

for analyzed the difference between biochemical param-

eter at different coronary perfusion pressure. The Mann 

Whitney test was used for analyzed the difference between 

biochemical parameter in different groups at same coro-

nary perfusion pressure. The statistical analysis was per-

formed using SPSS 19.0 for Windows.

RESULTS

The effects of chronic adiministration of cisplatin 

and saline on TBARS values in coronary venous effluent 

throughout changing the coronary perfusion pressure

In a group treated with cisplatin with increase of CPP 

TBARS values increased, but that changes were statistical-

ly significant between 60 cm and 80 cm and also between 

100 cm and 120 cm. On the other hand, in control group 

that increase was greater and statistically high significant 

(Figure 1). Comparing the effects between the groups it 

can be observed statistically high significant difference at 

higher CPP (from 80 to 120 cm, Table 1). 

The effects of chronic adiministration of cisplatin and 

saline on production of nitrites in coronary venous effluent 

throughout changing the coronary perfusion pressure

In the both tested groups comparing the effects of chang-

ing CPP at production of nitrites there are statistically high 

significant differences (Figure 2). Also there were statisti-

cally high significant differences in production of nitrites at 

all examined CPP except at 40 cm between groups (Table 1).  

Figure 1 Th e eff ects of chronic adiministration of cisplatin and saline 

on index of lipid peroxidation in coronary venous effl  uent throughout 

changing the coronary perfusion pressure

All values are expressed as mean ± SD. Wilcoxon signed rank test were 

used in statistical analysis, p values less than 0.05 (marked with * or # 

depending on groups) were considered to be statistically signifi cant and 

p values less than 0.01 (marked with ** or ## depending on groups) were 

considered to be statistically high signifi cant.

Figure 2 Th e eff ects of chronic adiministration of cisplatin and saline on 

production of nitrites in coronary venous effl  uent throughout changing 

the coronary perfusion pressure

All values are expressed as mean ± SD. Wilcoxon signed rank test were 

used in statistical analysis, p values less than 0.05 (marked with * or # 

depending on groups) were considered to be statistically signifi cant and 

p values less than 0.01 (marked with ** or ## depending on groups) were 

considered to be statistically high signifi cant.
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The effects of chronic adiministration of cisplatin and 

saline on production of superoxide anion radical in coro-

nary venous effluent throughout changing the coronary per-

fusion pressure

There were no statistically significant changes in pro-

duction of superoxide anion radical during the CPP chang-

es in both groups (Figure 3). Also there was no statistically 

significant difference in production of superoxide anion 

radical between groups at same CPP values (Table 1).

The effects of chronic adiministration of cisplatin and 

saline on production of hydrogen peroxide in coronary ve-

nous effluent throughout changing the coronary perfusion 

pressure

In a group chronically treated with cisplatin statisti-

cally significant changes in production of hydrogen perox-

ide were existed. With an increase of CPP the production 

of hydrogen peroxide rised. On the other hand, in control 

group, statistically high significant changes in production 

of hydrogen peroxide were recorded with increase of CPP 

(Figure 4). Comparing the effects of changing of coronary 

perfusion pressure in these groups, we can notice that 

there were statistically high significant differences in pro-

duction of hydrogen peroxide at higher CPP (from 80 to 

120 cm, Table 1).

DISCUSSION

Previously was mentioned that cisplatin usage is asso-

ciated with a numerous side effects, whereby one of the 

most commonly and detail characterized is nephrotoxicity. 

Cisplatin activates glucose-6-phosphate dehydrogenase 

and hemoxinase, which increase free radical production 

and decrease the production of antioxidative enzymes. It 

increases concentrations of calcium into cells, which leads 

to activation of nicotinamide adenine dinucleotide phos-

phate hydrogen (NADPH) oxidase and stimulating of ROS 

production. There are evidence that cisplatin-treated ani-

mals have increased levels of superoxide anion radical (O
2

-.), 

hydrogen peroxide (H
2
O

2
) (19). Free radicals, formed in 

this way, induced the damaging of lipid components in cell 

membrane by peroxidation and mitochondrial dysfunc-

tion (20, 21). Beside the increment of ROS production, the 

achievement of reactive nitrogen species was observed in 

Figure 3 Th e eff ects of chronic adiministration of cisplatin and saline 

on production of superoxide anion radical in coronary venous effl  uent 

throughout changing the coronary perfusion pressure

All values are expressed as mean ± SD. 

Figure 4 Th e eff ects of chronic adiministration of cisplatin and saline on 

production of hydrogen peroxide in coronary venous effl  uent throughout 

changing the coronary perfusion pressure

All values are expressed as mean ± SD. Wilcoxon signed rank test were 

used in statistical analysis, p values less than 0.05 (marked with * or # 

depending on groups) were considered to be statistically signifi cant and 

p values less than 0.01 (marked with ** or ## depending on groups) were 

considered to be statistically high signifi cant.

Control group vs. Cisplatin group

40 CPP 60 CPP 80 CPP 100 CPP 120 CPP

Index of lipid peroxidation > 0.05 0.020 0.004 0.001 0.000

Nitric oxide > 0.05 0.000 0.000 0.000 0.000

Superoxide anion radical > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

Hydrogen peroxide > 0.05 > 0.05 0.001 0.000 0.000

Mann Whitney test were used in statistical analysis, p values less than 0.05 were considered to be statistically signifi cant and p values less than 0.01 

were considered to be statistically high signifi cant.

Table 1. Comparison of oxidative stress between cisplatin and control groups at diff erent coronary perfusion pressure 
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cisplatin-induced nephrotoxicity. Concentration of nitric 

oxide and peroxynitrite in kidney were increased in ani-

mals treated with cisplatin. Peroxynitrite, which is gener-

ated by the reaction of nitric oxide (NO) with superoxide, 

is a strong oxidant that can damage subcellular organelles, 

membranes. Peroxynitrite induced changing of protein 

structure and function, lipid peroxidation, chemical cleav-

age of DNA and reduction in cellular defenses by oxidation 

of thiol pools. Aforementioned claims can serve as evi-

dence that peroxynitrites are involved in cisplatin-induced 

nephrotoxicity. On the other hand it is still controversial if 

nitric oxide had toxic role in kidney injury (22, 23).

The fact that production of ROS is fundamental mech-

anism in nephrotoxicity, were rised attention of scientists 

to correlate production of ROS with occurrence of car-

diotoxicity. There are a few papers which describe that 

concomitant use of antioxidants with cisplatin can reduce 

cardiotoxicity (24-26). Rosic and colleagues assessed the 

protective effects of N-acetylcysteine (NAC) on cisplat-

in-induced changes in myocardium (27). Results of their 

study showed that NAC coadministration with cisplatin 

mitigated cisplatin-induced disturbances of cardiodynam-

ic and oxidative stress parameters, as well as morphologi-

cal changes in myocardium and coronary blood vessels, by 

reduction of oxidative stress. As a results of increase pro-

duction of ROS transcription and translocation of nuclear 

factor erythroid 2-related factor 2 (Nrf2) into the nucleus 

occurred. Activation of this factor induces the expression 

of many genes involved in synthesis of different antioxida-

tive enzymes and heme oxygenase-1, which are important 

to protect the cells against oxidative stress and inflamma-

tion. Increased production of ROS can lead to increment 

in the expression of nuclear factor kappa B and production 

of pro-inflammatory cytokines such as tumor necrosis fac-

tor-alpha, chemokines such as monocyte chemoattractant 

protein-1. All these factors induce apoptosis and conse-

quently myocardial injury (28, 29). 

Results of our study showed that in both groups incre-

ment of coronary perfusion pressure values causes increase 

in production of oxidative stress biomarkers (Figure 1-4). 

The values of superoxide anion radical enhanced with in-

crease of CPP, but that changes between two different CPP 

were not statistically significant (Figure 3). Also when we 

compare the values of superoxide anion radical between 

control and cisplatin group we didn’t get any statistically sig-

nificant difference (Table 1). On the other hand, the values 

of all other examined biomarkers of oxidative stress have 

statistically significant increased with enhancement of CPP 

(Figure 1, 2, 4) in both groups. Likewise, there was statis-

tically significant difference in these parameters between 

groups. Based on the results of this study (Table 1) we can 

observe that there is no difference in production of oxidative 

stress biomarkers in conditions of hypoxia between groups.    

Two groups of authors showed that animals treated 

with saline had greater levels of reduced glutathione and 

superoxide dismutase in heart tissue, than animals treated 

with cisplatin. These results demonstrated that animals 

treated with cisplatin had lower antioxidant capacity than 

animals treated with saline. In accordance to this we can 

assume that in our study animals treated for 4 weeks with 

cisplatin had relieved capacity for struggle with free radi-

cals. So despite the fact that in coronary effluent of con-

trol group levels of free radical were higher, antioxidant 

capacity of these isolated hearts is preserved, and damages 

induced by changes of CPP will be lower than in cispla-

tin group. Also these authors confirm that administration 

of single dose of cisplatin induced increase of markers of 

heart injury, such as: levels of LDH and creatine kinaze 

(CK), cardiac troponin I (cTnI) in serum, as well as cardiac 

CK-MB index and CK-MB activities (24, 30). El-Sawalhi 

and coworkers also compare the effects of administration 

of cisplatin and saline on antioxidant capacity. These re-

searchers found that administration of cisplatin induced a 

significant decrease of catalase and gluthatione peroxidase 

activity in postmitochondrial and mitochondrial fractions 

of heart tissue (25). Cardiac tissue generally had very low 

level of antioxidant enzymes such as superoxide dismutase 

(SOD) and catalase. Additional decreased of SOD activ-

ity in cisplatin-treated group can be explained by losing of 

copper and zinc which are essential for activity of this en-

zyme (31). On the other hand cisplatin had a great affinity 

to sulfur contained into glutathione (GSH), so conjucation 

of GSH by cisplatin caused depletion of GSH and decrease 

of redox state. Also the reduction of GSH may be explained 

by decrease activity of glutathione reductase induced by 

direct attack of cisplatin (32, 33). El-Sawalhi with cowork-

ers in their research also showed that treatment with cis-

platin induced increase of NADPH oxidase activity (25). 

NADPH oxidase is a major source of endoplasmic reticu-

lum stress, and it be reported that plays an essential role 

in cisplatin-mediated ROS generation. So NADPH could 

initiate oxidative stress at early stages of cardiotoxicity and 

together with other enzymes acts synergistically to aug-

ment of oxidative stress (34).

Based on the results of this research we can conclude 

that with enhancement of coronary perfusion pressure the 

values of oxidative stress statistically significant increase. 

However, this increment is more present in control group 

as a result of preserved endothelium and its more powerful 

response to hyperoxia. On the other hand damaged endo-

thelium of cisplatin-treated animals had weaker response to 

hyperoxia, and also lower antioxidant capacity. Finding of 

present study help in understanding of connection between 

oxidative stress and cisplatin usage, and thus elucidate mo-

lecular interactions involved in its mechanisms of action. 
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ABSTRACT 

Th e co-administration of several drugs in multidrug ther-

apy may alter the binding of each drug to human serum albu-

min (HSA) and, thus, their pharmacology eff ect. Th erefore, in 

this study, the interaction mechanism between HSA and two 

fl uoroquinolones (FQs), sparfl oxacin (SPF) and levofl oxacin 

(LVF), was investigated using fl uorescence and absorption 

methods in the absence and presence of the competing drug- 

tigecycline (TGC). Th e the UV-Vis and fl uorescence spectros-

copy results showed that the fl uorescence quenching of HSA 

was a result of the formation of the HSA-SPF and HSA-LVF 

complexes. Th e fl uorescence quenching of HSA-TGC revealed 

that tigecycline can regulate the binding sites, binding mode 

and binding affi  nity of fl uoroquinolones. Th e binding con-

stants (K
A
) and binding sites (n) of the interaction systems 

were calculated. Th e results confi rmed that the K
A
 values of 

the HSA-FQ system decreased in the presence of TGC, indi-

cating that TGC can aff ect the binding ability of FQ for HSA. 

Th is interaction may increase the free plasma concentration of 

unbound FQ and enhance their pharmacology eff ect.

Keywords: Fluorescence, Human serum albumin, Fluo-

roquinolones, Tigecycline.
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SAŽETAK 

Istovremena primena nekoliko lekova, u multilek tera-

piji, može izmeniti njihovo vezivanje za humani serumski 

albumin (HSA) i njihov farmakološki efekat. Zbog toga, u 

ovom radu je proučavan mehanizam interakcije između 

HSA i dva fl uorohinolona (FQs): sparfl oksacina (SPF) i le-

vofl oksacina (LVF) fl uorescentnim i apsorpcionim metoda-

ma u odsustvu i prisustvu konkurentskog leka - tigeciklina 

(TGC). Rezultati UV-Vis i fl uorescentne spektroskopije su 

pokazali da je gašenje fl uorescencije u HSA rezultat formira-

nja HSA-SPF i HSA-LVF kompleksa. Gašenje fl uoroscencije 

u HSA-TGC je pokazalo da tigeciklin može regulisati mesta 

vezivanja, način vezivanja i afi nitet vezivanja fl uorohinolo-

na. Konstante vezivanja (K
A
) i broj vezujićih mesta (n) za 

interakcije u sistemu su izračunate. Rezultati su potvrdili da 

su vrednosti K
A
 u HSA-FQ sistemu, smanjene u prisustvu 

TGC, a to ukazuje da TGC može da utiče na sposobnost 

vezivanja FQ za HSA. Ova interakcija može povećati slo-

bodanu koncentraciju u plazmi nevezanog FQ i poboljšati 

njegov farmakološki efekat.

Keywords: Fluorescencija, Humani serumski albumin, 

Fluorohinoloni, Tigeciklin.

INTRODUCTION

Human serum albumin (HSA) presents the most abun-

dant serum protein in human plasma. HSA plays an impor-

tant role in controlling distribution, excretion, therapeutic 

efficacy and drug toxicity in the human body (1-3). HSA 

possesses several low- and high-affinity ligand binding sites 

that have been identified as site I and site II. Each domain 

can be subdivided into subdomains A and B and is respon-

sible for the binding of most drugs with the HSA (4, 5).

Whenever co-administration of several drugs is need-

ed, their competition for the same binding site or confor-

mational changes in protein may occur. This leads to the 

increased or decreased concentration of the free drug frac-

tion, which results in an enhanced or reduced therapeutic 

efficacy of the drug. Fluoroquinolones (FQs) belong to a 

group of antibacterial agents. Their mechanism of action 

consists of inhibiting different kinds of enzymes, such as 

homologous type 2, topoisomerase, DNA gyrase and DNA 

topoisomerase 4, which play a crucial role in chromosome 

function and replication (6). Fluoroquinolones have a wide 

range of use. Their application has been reported in an em-
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pirical treatment of a variety of infections, especially in the 

genitourinary, gastrointestinal and respiratory tracts. Tige-

cycline possesses a similar mechanism of action to tetra-

cyclines and acts by binding to the bacterial 30S ribosomal 

subunit and inhibiting protein synthesis (7, 8). Tigecycline 

has been approved for treating complicated intra-abdom-

inal infections as well as skin and skin structure infections 

(9). The chemical structures of the investigated drugs are 

shown in Fig. 1.  

Spectral methods can reveal the binding of drugs with 

albumin at low concentrations. The fluorescence quench-

ing technique is often used to monitor molecular interac-

tions because of its high sensitivity, reproducibility and 

relatively easy use (10, 11). In the present study, the inter-

actions of sparfloxacin and levofloxacin with HSA and the 

effect of tigecycline on these interactions by UV-Vis and 

fluorescence spectroscopy were investigated. Additionally, 

the binding of TGC to HSA was determined in our previ-

ously published research (12). 

MATERIAL AND METHODS

Chemical and reagents.
Human serum albumin (HSA, lyophilized powder, free 

fatty acid ≤0.007%, purity ≥96%, catalogue No. A1887), 

sparfloxacin (SPF, purity ≥98%, catalogue No. 56968), levo-

floxacin (LVF, purity ≥98%, catalogue No. 28266) and tige-

cycline (TGC, tigecycline hydrate, purity ≥98%, catalogue 

No. PZ0021) were purchased from the Sigma-Aldrich 

Chemical Company (St. Louis, MO, USA). The stock so-

lutions of HSA (20 μmol/L), SPF (0.11 mmol/L), LVF (0.1 

mmol/L) and TGC (85.38 μmol/L) were prepared fresh in 

phosphate buffer (pH 7.4; 0.1 mol/L) containing 0.15 mol/L 

NaCl, that which was selected to keep the pH value and 

maintain the ionic strength of the solution. All the above 

solutions were kept in the dark at 0-4°C in a refrigerator. 

The sample masses were accurately weighed on a micro-

balance (Sartorius, ME215S) with a resolution of 0.1 mg. 

pH measurements were performed with a Beckman F-72 

pH meter. All reagents were of analytical reagent grade and 

used without further purification. Newly double-distilled 

water was used throughout the experiment.

UV-Vis and fluorescence spectroscopy.

The absorption spectra were recorded on a double 

beam Lambda 25 UV/Vis Spectrophotometer (Perki-

nElmer, USA) equipped with 1.0 cm quartz cells. Fluores-

cence spectra were recorded using a RF-1501 PC spectro-

fluorometer (Shimadzu, Japan) equipped with a 150 W 

Xenon lamp source, a 1.0-cm path-length quartz cell and 

a thermostatic cuvette holder. The excitation and emission 

bandwidths were both 10 nm.

In each combination, the quenching of HSA fluores-

cence by fluoroquinolone (FQ) was studied in the absence 

and presence of the competing drug, tigecycline (TGC). 

In the first set of experiments, the binding of each drug 

to HSA was studied under the same experimental condi-

tions. The concentration of HSA was fixed at 2.0 μmol/L, 

and those of SPF and LVF were varied. In the second set of 

experiments, the binding of FQ to HSA was determined 

simultaneously with TGC. The concentrations of HSA and 

Fig. 1. Chemical structures of sparfl oxacin (A), levofl oxacin (B) and tigecycline (C).
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TGC were fixed at 2.0 μmol/L, and the concentrations of 

SPF and LVF were varied. The same sets of samples were 

used to obtain the UV-Vis spectra. All measurements were 

performed at a temperature of 298 K.

RESULTS 

Fluorescence studies.
The intrinsic fluorescence of HSA when it is excited at 

295 nm is due primarily to the presence of the two tryp-

tophan residues: Trp-134 and Trp-212. Trp-212 is located 

within a hydrophobic binding pocket in the IIA sub-domain 

of the protein, and Trp-134 is located on the surface of the 

albumin molecule and is more exposed to the environment 

(13). Although the tyrosine residue can also contribute to 

fluorescence, it presents a very weak emission (14). An im-

portant characteristic of the intrinsic fluorescence of HSA 

is that it is very sensitive to its microenvironment; it would 

be quenched if there is even a small change in the local 

surroundings of HSA, such as the biomolecular binding, 

protein conformation and denaturation (15). All fluores-

cence emission spectra were recorded from 300 to 450 nm, 

with excitation at 295 nm. It was necessary to distinguish 

between the static fluorescence quenching mode (resulting 

from the formation of a ground state complex between the 

fluorophore and the quencher) and the dynamic quench-

ing mode (resulting from a collision between the fluoro-

phore and the quencher). To confirm the quenching mech-

anism, the fluorescence data were analyzed at 298 K using 

the well-known Stern–Volmer Eq. (1) (16):

                      (1)

where F and F
0
 are the fluorescence intensities of the 

protein in the presence and absence of the quencher, re-

spectively. K
q
 is the quenching rate constant of the biomol-

ecule, [Q] is the quencher concentration, K
SV

 is the Stern−

Volmer constant and τ
0
 is the lifetime of the fluorophore in 

the absence of the quencher [τ
0
 is approximately 10−8 s]. If 

the biomolecular quenching constants are larger than the 

limiting diffusion rate constant of the biomolecule [2.0 x 

1010 L M−1 s−1] (17), the quenching is initiated not by the 

dynamic collision, but by the protein complex.

For the static quenching process, when small mole-

cules bind independently to a set of equivalent sites on a 

biomacromolecule, the equilibrium between the free and 

bound molecules could be represented by the well-known 

Eq. (2) (16-18):

                                (2)

where K
A
 is the binding constant or the apparent as-

sociation constant for drug-protein interaction, n is the 

number of binding sites per HSA molecule and [Q] is the 

concentration of quencher.

The quenching of the intrinsic fluorescence of HSA by 

sparfloxacin and levofloxacin was studied. The fluores-

cence spectra of HSA were recorded in the presence of in-

creasing amounts of FQ (Fig. 2 and Fig. 3). 

As shown in Fig. 2 and Fig. 3, the fluorescence intensity 

of HSA decreased regularly with increasing concentrations 

of FQ, but the emission maximum and shape of the peaks 

remained almost unchanged. This indicated that SPF and 

LVF could bind to HSA. Upon drug binding, the fluores-

cence spectra of HSA were accompanied by a shift in emis-

sion wavelength towards a lower wavelength (blueshift) in 

the case of SPF and towards a higher wavelength (redshift) 

in the case of LVF. These results are in accordance with the 

previous study (19). The blue/redshift in the emission wave-

length (λ
max

) suggests a change in the hydrophobicity of the 

microenvironment of the drug binding region (20, 21).

Fig. 2. Th e fl uorescence quenching spectra of HSA by SPF (T = 298 K, pH = 7.4). [HSA] = 2.0 μmol/L; 

[SPF] (a-k): (0, 1.1, 1.65, 2.2, 2.75, 3.3, 4.4, 5.5, 6.6, 8.8, 11.0) μmol/L. Th e lower insert shows Stern–Vol-

mer plots of the fl uorescence quenching of HSA by SPF. 
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Fig. 4. Th e fl uorescence quenching spectra of HSA by SPF in the presence of TGC (T = 298 K, pH = 7.4). 

[HSA] = 2.0 μmol/L; [SPF] (a-i): (0, 1.65, 2.75, 3.3, 5.5, 6.6, 8.8, 10.0, 11.0) μmol/L; [TGC] = 2.0 μmol/L. 

Th e lower insert shows Stern–Volmer plots of the fl uorescence quenching of HSA by SPF in the pres-

ence of fi xed TGC concentration.
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Fig. 3. Th e fl uorescence quenching spectra of HSA by LVF (T = 298 K, pH = 7.4). [HSA] = 2.0 μmol/L; 

[LVF] (a-i): (0, 1.16, 2.34, 3.52, 4.68, 5.86, 7.03, 8.2, 9.38) μmol/L. Th e under insert is Stern–Volmer 

plots of the fl uorescence quenching of HSA by LVF.
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Th e under insert is Stern–Volmer plots of the fl uorescence quenching of HSA by LVF in the presence 

of fi xed TGC concentration.
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Drug–drug interactions at the protein-binding level 

can be useful for therapeutic purposes because an altera-

tion in protein binding may change the volume of dis-

tribution, clearance, and elimination of a drug and may 

modulate its therapeutic effect (22, 23). The binding af-

finity of FQs for HSA in the presence of TGC and the 

competitive binding mechanism were investigated. The 

fluorescence spectra of the HSA-TGC complex were re-

corded in the presence of an increasing amount of FQs 

(Fig. 4 and Fig. 5). Increasing the concentration of FQs 

led to an increased quenching fluorescence signal of the 

HSA-TGC complex (Fig. 4 and Fig. 5), suggesting that 

FQs interact with the HSA-TGC complex. Therefore, 

sparfloxacin and levofloxacin can displace TGC from its 

binding site, which means that TGC and these drugs may 

share some common binding sites in HSA. 

UV-Vis absorption studies.

UV-Vis absorption measurement is a very simple 

method and can be used to explore the structural chang-

es and determine complex formations (15, 24). HSA has 

a weak absorption peak at approximately 280 nm be-

cause of cumulative absorption of three aromatic amino 

acid residues (Trp, Tyr and Phe). The absorbance peak 

around 280 nm is raised, which is mainly caused by the 

π–π* transition of aromatic amino acid residues in HSA 

(25, 26). In the present study, the changes in the UV-Vis 

absorption spectra of the HSA-LVF system (Fig. 6) and 

HSA-SPF (Fig. 7) were measured under the simulated 

physiological conditions. Additionally, the UV-Vis ab-

sorption spectra of the HSA-SPF and HSA-LVF system 

were measured in the presence of the fixed TGC con-

centration (Fig. 8 and Fig. 9). 

Fig. 6. Absorption spectra of HSA in the presence of various LVF concentrations (T = 298 K, pH = 7.4). 

[HSA] = 2.0 μmol/L; [LVF] (a-i): (0, 1.16, 2.34, 3.52, 4.68, 5.86, 7.03, 8.2, 9.38) μmol/L. x represents 2.0 

μmol/L LVF only.
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Fig. 7. Absorption spectra of HSA in the presence of various SPF concentrations (T = 298 K, pH = 

7.4). [HSA] = 2.0 μmol/L; [SPF] (a-k): (0, 1.10, 1.65, 2.2, 2.75, 3.3, 4.4, 5.5, 6.6, 8.8, 11.0) μmol/L. x 

represents 2.0 μmol/L SPF only.
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Fig. 9. Absorption spectra of HSA in the presence of various SPF and fi xed TGC concentration (T 

= 298 K, pH = 7.4). [HSA] = 2.0 μmol/L; [SPF] (a-k): (0, 1.1, 1.65, 2.2, 2.75, 3.3, 4.4, 5.5, 6.6, 8.8, 11.0) 

μmol/L; [TGC] = 2.0 μmol/L. x represents 2.0 μmol/L SPF only.  

Fig. 8. Absorption spectra of HSA in the presence of various LVF concentrations and a fi xed TGC con-

centration (T = 298 K, pH = 7.4). [HSA] = 2.0 μmol/L; [LVF] (a-i): (0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0) 

μmol/L; [TGC] = 2.0 μmol/L. x represents 2.0 μmol/L LVF only. 

DISCUSSION

Fluorescence and absorption spectra.

The fluorescence intensity of HSA and HSA-TGC de-

creased regularly with increasing FQ concentrations (Figs. 

2, 3, 4 and 5). The quenching mechanism was determined to 

investigate whether FQs interact with HSA and HSA-TGC 

to form a complex. To confirm the quenching mechanism, 

the fluorescence quenching data were analyzed according to 

the Stern-Volmer Eq. 1. Eq. 1 was applied to determine K
SV

 

via the linear regression of a plot of F
0
/F against [Q]. The K

SV
 

was then obtained from the slope. The values of K
SV

 and K
q
 

were calculated and are given in Table 1. Stern–Volmer plots 

for the fluorescence quenching of HSA and HSA-TGC by 

SPF and LVF are shown in the inserts in Figs. 2 , 3, 4 and 5. 

The Stern–Volmer plots (Figs. 2, 3, 4 and 5) showed a linear 

curve for all of the investigated concentrations, which indi-

cates that quenching type can be static or dynamic quench-

ing because the characteristic Stern–Volmer plots of com-

bined quenching (both static and dynamic) show an upward 

curvature (27). The linear plots, however, are insufficient to 

System
K

q

(1012 L/mol∙s)
R2

K
A

(104 L/mol)
n R2

HSA-TGC (12) 4.99 0.996 1.76 0.91 0.991

HSA-SPF 2.35 0.990 10.75 1.13 0.991

HSA-SPF-TGC 3.32 0.987 7.56 1.08 0.990

HSA-LVF 3.31 0.986 9.24 1.09 0.992

HSA-LVF-TGC 5.87 0.995 2.74 0.94 0.995

Table 1. Th e quenching constants (K
q
), binding constants (K

A
) and num-

ber of binding sites (n) of HSA-FQ systems in the absence and presence 

of TGC at 298 K.
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dicating that with the addition of FQ, the peptide strands 

of the HSA molecules extended farther and the hydro-

phobicity was changed (33). 

Binding parameters.

The quenching mechanism was determined to be static 

quenching; thus, the binding constant (K
A
) and the num-

ber of binding sites (n) can be calculated according to Eq. 

2. The values of K
A 

and n of all systems were obtained from 

the intercept and slope of the plots of log (F
0
−F)/F versus 

log [Q] (Figs. 10 and 11).

The values of the binding constant K
A
 and of n are given 

in Table 1. The number of binding sites (n) is approximately 

1, indicating that there is one binding site in HSA for SPF and 

LVF. The binding constants of the HSA-SPF and HSA-LVF 

system that were found in this research are in agreement 

with previous studies (34, 35). The relatively high values of 

the stability constants suggest a strong interaction between 

define the quenching type. Thus, based on previous works 

(28-31), the possible quenching mechanism between HSA 

and fluoroquinolones was suggested to be static quenching 

resulting from the complex formation instead of dynamic 

quenching. As evident from the results (Table 1), the K
q
 val-

ues (>1012 L/mol∙s) are higher than those of diverse kinds of 

quenchers that are used for biopolymer fluorescence (2.0 × 

1010 L/mol∙s). These results indicate that the quenching was 

initiated not from a dynamic collision, but from the forma-

tion of a complex in all of the tested systems.

The absorption spectra of HSA and HSA-TGC at dif-

ferent concentrations of FQ (Figs. 6, 7, 8 and 9) showed 

that in the visible region, the absorbance values of HSA 

and HSA-TGC increased regularly with an increase in 

the concentration of FQ, suggesting that a complex was 

formed between FQs and HSA and between FQs and 

HSA-TGC (32). The absorption peaks of these solutions 

showed moderate shifts towards a longer wavelength, in-

Fig. 10. Plots of log (F
0
−F)/F versus log

 
[Q] of HSA-SPF and HSA-SPF-TGC system at 298 K. 

Fig. 11. Plots of log (F
0
−F)/F versus log

 
[Q] of HSA-LVF and HSA-LVF-TGC system at 298 K. 
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HSA with high affinity. The results confirmed that the bind-

ing constant (K
A
) values of the HSA-FQ system decreased 

in the presence of TGC, indicating that TGC can affect the 

binding ability of FQ for HSA. This may increase the free 

plasma concentration of unbound FQ and enhance their 

pharmacological and toxicological effects. Studies on the 

interaction between plasma proteins and small molecule-

drugs are thus an interesting field of future research. 
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ABSTRACT

Th e aim of this study is to describe the morphological 

characteristics, the number of roots and number of root ca-

nals of mandibular central incisors, lateral incisors and ca-

nines, and the relationship of these characteristics with the 

sex and the jaw side where the tooth is located, in the Serbian 

population using cone-beam computed tomography (CBCT).

CBCT images of a total of 902 mandible front teeth, includ-

ing 296 central incisors, 294 lateral incisors and 312 canines 

were analyzed in the database. For assessing the morphology 

of the root canal, Vertucci method of classifi cation was used. 

Central incisors had two canals in 27%, similar as lateral 

incisor which had two canals in 26.5%. Mandibular canines 

had two canals in 7.1% and there was a signifi cant diff erence 

between genders. Th e most prevalent root canal confi gura-

tion type in all mandibular anterior teeth was type I. In the 

groups of mandibular incisors with two root canals the most 

common was type III. In the group of mandibular canines 

with two root canals, type V had the greatest occurrence. 

Most mandibular anterior teeth had one root canal. Two 

root canals were found in 27% of the mandibular incisors. 

Th ere is a signifi cant diff erence in root morphology between 

genders. It is important for dental practitioner to expect dif-

ferent morphological variations when performing endodon-

tic treatment. More studies are needed to further defi ne mor-

phological characteristics of roots of mandibular anterior 

teeth in Serbian population.   

Keywords: Cone beam computed tomography, mandib-

ular incisors, mandibular canines, root canal confi guration, 

root canal morphology

SAŽETAK

Cilj ove studije je da koristeći komjuterizovanu tomogra-

fi ju konusnog zraka (CBCT) opiše morfološke karakteristike, 

broj korena i korenskih kanala centralnih i lateralnih sekuti-

ća i očnjaka donje vilice u srpskoj populaciji, kao i da utvrdi 

korelaciju ovih karakteristika sa polom i stranom vilice u ko-

joj je zub lokalizovan.

CBCT snimci 902 prednja zuba donje vilice, uključuju-

ći 296 centralnih i 294 lateralnih sekutića i 312 očnjaka su 

analizirani iz baze podataka. Za procenu mofologije koren-

skog kanala upotrebljen je Vertučijev metod klasifi kacije.

Centralni sekutići su imali dva kanala u 27% slučaje-

va, slično kao i lateralni sekutići koji su imali dva kanala u 

26,5% slučajeva. Očnjaci su imali dva kanala u 7,1% sluča-

jeva, pri čemu je bilo značajnih razlika između polova. Pre-

ovlađujući tip konfi guracije korenskog kanala svih prednjih 

zuba donje vilice je bio tip I. U grupi sekutića koji su imali 

dva kanala najčešći tip konfi guracije je bio tip III. U grupi 

očnjaka koji su imali dva kanala preovladavao je tip V.

Većina prednjih zuba donje vilice je imala jedan korenski 

kanal. Dva korenska kanala su pronađena u 27% slučajeva 

kod sekutića. Postoji značajna razlika u morfologiji korena 

između polova. Za stomatologa je važno da očekuje različite 

morfološke varijacije tokom izvođenja endodonskih zahvata. 

Potrebno je sprovesti više studija za dalje defi nisanje mor-

foloških karakteristika korena prednjih zuba donje vilice u 

srpskoj populaciji.

Ključne reči: Komjuterizovana tomografi ja konusnog 

zraka, mandibularni sekutići, mandibularni očnjaci, konfi -

guracija korenskog kanala, morfologija korenskog kanala
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INTRODUCTION

The knowledge of the internal morphology of the roots 

of the teeth is an essential prerequisite for the successful 

implementation of endodontic therapy. One of the causes 

of failure of endodontic therapy is omission of one or more 

root canals, whose presence was not observed. Most com-

mon reason for the omission of endodontic root canal 

therapy is the morphological variations of the tooth root 

canal system (1). 

In studies of the morphology of roots, different meth-

ods of evaluating the internal structure of teeth in clini-

cal and laboratory conditions can be used (2-4). Standard 

methods of observing the internal morphology of the 

teeth, in clinical terms, involves the use of retro alveolar 

radiological examinations. Main disadvantage of this tech-

nique is reduction of a three-dimensional object to two-

dimensional image, also, features superimposed roots and 

roots of teeth with each other and with the adjacent ana-

tomical structures, which can give a false idea of   internal 

morphology of the teeth (2). In clinical practice, in addi-

tion to retro alveolar radiological examinations, inspection 

with loupes or/and operating microscope enhance canals 

inspection (3). In experimental conditions, various method 

can be used: colouring teeth (clearing and staining tech-

nique) and cutting (cross section) and digital radiological 

examinations, but these methods requires the use of ex-

tracted teeth with no signs of pathological changes (usu-

ally extracted for orthodontic reasons), thus obtaining 

samples of younger respondents which may affect the final 

results (4). In last decade, for the assessment of the inter-

nal morphology of the roots computed tomography with 

cone beam (Cone Beam Computer Tomography, CBCT) is 

used, which provides an overview of the object of interest 

in three dimensions without the superimposition of ana-

tomical structures from different angles and planes (axial, 

sagittal, and coronal) (5).

Numerous studies have demonstrated that the anterior 

teeth (central incisors, lateral incisors and canines) in the 

mandible can significantly vary in the root canal configura-

tion (6-8). There are differences in the root canal morphol-

ogies in different populations. Altunsoi et al. announced 

that in the Turkish population the most common finding 

is a single canal of root canal in the mandibular anterior 

teeth with a range of 77-95%, and then the two canals with 

a range of 5.3-18.9%. In the same CBCT study, type I ca-

nal configuration of Vertucci is the most widespread in the 

mandibular anterior teeth 77-95%, and then the configura-

tion type V was observed in the range of 1.8-14.4% (6). In 

studies performed by using the CBCT, Liu et al. reported 

that the type I canal configuration of the lower central and 

lateral incisors were 91.1% and 82.5% in the Chinese popu-

lation (7). Aminsobhani et al. reported that the type I con-

figuration canal for central, lateral incisors and canines are 

72.7%, 70.6% and 71.8%, in the Iranian population (8). 

There are many studies examining the morphologi-

cal characteristics of the mandibular anterior teeth using 

CBCT (6-14). In the Serbian population such morphologi-

cal studies were not conducted.

The aim of this study is to describe the morphological 

characteristics, the number of roots and number of root 

canals of mandibular central incisors, lateral incisors and 

canines, and the relationship of these characteristics with 

the sex and the jaw side where the tooth is located, in the 

Serbian population using CBCT.

MATERIAL AND METHODS

The study protocol was approved by the Ethics Commit-

tee of the Faculty of Medical Sciences, University of Kragu-

jevac, Serbia and the research was carried out respecting the 

Declaration of Helsinki and Good Clinical Practice guidelines. 

CBCT images of a total of 902 mandible front teeth, 

including 296 central incisors, 294 lateral incisors and 312 

canines were analyzed in the database.

For the purposes of retrospective study we used the 

CBCT images made in Radiological department, Faculty of 

Medical Sciences, University of Kragujevac, between Sep-

tember 2014 and October 2016. The scans were obtained 

using Orthophos XG 3D device (Sirona Dental Systems 

GmbH, Bensheim, Germany), with three-dimensional set-

tings for recording, VOL1 or VOL1 HD, and a voxel size 

of 160μm; the layer thickness were 0.16mm and size of ob-

served filed (Field of view, FOV) was 5x8x8 cm. The rea-

sons for CBCT scanning were different (prosthetic, surgi-

cal, orthodontic and endodontic). 

The main images inclusion criterion was the existence of 

at least one permanent incisor and canine in the mandible. 

Other Inclusion criteria were following: 1) tooth is fully vis-

ible; 2) have completed root growth; 3) have no radiologi-

cally visible periapical lesion; 4) have no radiologically vis-

ible external or internal root resorption; 5) are not treated 

endodontically and 6) have no prosthetic restorations.  

CBCT images were analyzed using a software program 

GALAXIS v1.9.4 (Sirona Dental Systems GmbH, Ben-

sheim, Germany), in the axial, sagittal, and coronal sec-

tions (Figure 1.) Observations were conducted at Philips 

LED monitor size 23-inch image with a resolution of 1920 

x 1080 pixels in a room with dim lighting. Brightness and 

contrast are adjusted using a software program.

On CBCT scans we observed following:

o The root number for each tooth 

o The root canals number

o Position of the tooth- left or right side of the mandible

o The root canal configurations of Vertucci classification 

For the classification of the morphology of the root ca-

nal was a used Vertucci method of classification (15): 

Type I: A single canal appears from the pulp chamber to 

the apex.

Type II: Two separate canals leave the pulp chamber but 

merge into one to the exit.
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Type III: A single canal leaves the pulp chamber, divides 

into two within the root, and then merges to the exit.

Type IV: Two distinctly separate canals are present from 

the pulp chamber to the apex.

Type V: A single canal leaves the pulp chamber but divides 

into two.

Type VI: 2 separate canals leave the pulp chamber, join at 

the midpoint, and then divide again into two with 

two separate apical foramina.

Type VII: One canal leaves the pulp chamber, divides and 

then rejoins within the root, and finally redivides into 

two separate canals with two separate apical foram-

ina.

Type VIII: Three separate and distinct canals begin from 

the pulp chamber to the root apex.

Different types of root canal configuration by Vertucci 

classification is shown in Figure 2.

An additional analysis of statistical data was performed 

using a commercial software package SPSS v20.0 for Sta-

tistics (SPSS Inc., Chicago, IL, USA). The frequency of the 

number of roots, the canal number and morphology of 

root canal root are described using measures of descriptive 

statistics: frequency, percentage, mean (average), median, 

standard deviation (SD) and scope (range). The frequen-

cies of the different parameters and correlations were ana-

lyzed between the sexes and side of the jaw where the tooth 

is located. Chi-square (χ2) test was used to compare the 

frequency (frequency) of categorical variables and to dem-

onstrate statistical significance. All results where the prob-

ability of the null hypothesis was less than 5% (p<0.05), 

were considered statistically significant.

RESULTS

A total of 902 mandibular anterior teeth, including 296 

central incisors, lateral incisors 294 and 312 canines, were 

observed.

All of the mandibular incisors had one root (n=590), 

while the incidence of two roots was 5.8% in the mandibu-

lar canine group (n=312). There was a statistically signifi-

Figure 1. A CBCT image of a mandibular incisor with type III Vertucci root canal confi guration. Image A shows a coronal section view 

of mandibular incisors, image B shows sagittal section view of mandibular central incisor. Diff erent axial section views are shown on 

images a, b, c, d. Notice how in coronary part of the root, a root canal starts as a single (a), then separates into two canals (b, c) and 

fi nishes as one root canal at the apex (d).

Figure 2. Diff erent types of root canal confi guration by Vertucci classifi cation.
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cant difference between the number of roots and gender 

(p<0.05, p=0.013), where two-rooted canines occur more 

often among females (n=14) than males (n=4) (Table 1).

Most mandibular anterior teeth had one root canal. Central 

incisors had two canals in 27%, similar as lateral incisor which 

had two canals in 26.5%. There was no significant differences 

in distribution of number of root canals of central and lateral 

incisors between the genders (p>0.05; р=0.066 and р=0.595 re-

spectively), although the number of teeth with two root canals 

was higher among males (52:28 for central, 46:32 for lateral in-

cisors). Mandibular canines had two canals in 7.1% and there 

was a significant difference between genders (p<0.05, p=0.015), 

where two canals were more prevalent among females than 

males (16 versus 6 teeth respectively) (Table 2).

According to Vertucci classification, the most preva-

lent root canal configuration was type I in all teeth groups 

(central incisors 73%, lateral incisors 73.5%, and canines 

92.9%). Among the central incisors with two root canals the 

most common was type III, followed by type II and type IV 

(21.6%, 4.7% and 0.7% respectively). Other types were not 

observed. In the group of lateral incisors, after type I, most 

prevalent configuration type was type III, then type II, type 

V and type IV (18.4%, 5.4%, 2% and 0.7% respectively). 

Type VI and type VII were not observed. In the group of 

two-canaled mandibular canines, the most common was the 

type V (5.8%), while of the other types only types II and III 

were observed in 0.6% each. The difference in the frequency 

of different configuration types and gender was only signifi-

cant in the group of mandibular canines, where the type V 

was more frequently seen in females (Table 3). There was 

no statistically significant difference between any parameter 

and side of the jaw where the tooth is located.

DISCUSSION 

In previous studies of root morphology, different in 
vitro and in vivo methods were used to assess the inter-

Table 1. Number of roots in mandibular anterior teeth

Tooth Gender

Number of roots

Number of teethOne root Two roots

Mandibular central incisors 

male 166 (100%) 0 166 (100%)

female 130 (100%) 0 130 (100%)

total 290 (100%) 0 290 (100%)

Mandibular lateral incisors

male 164 (100%) 0 164 (100%)

female 130 (100%) 0 130 (100%)

total 294 (100%) 0 294 (100%)

Mandibular canines*

male 160 (97.6%) 4 (2.4%) 164 (100%)

female 134 (90.5%) 14 (9.5%) 148 (100%)

total 294 (94.2%) 18 (5.8%) 312 (100%)

*Statistical signifi cance at the level of p=0.013

Table 2. Number of root canals in mandibular anterior teeth 

Tooth Gender

Number of root canals

Number of teethOne root canal Two root canals

Mandibular central incisors

male 114 (68.7%) 52 (31.3%) 166 (100%)

female 102 (78.5%) 28 (21.5%) 130 (100%)

total 216 (73.0%) 80 (27.0%) 296 (100%)

Mandibular lateral incisors

male 118 (72.0%) 46 (28.0%) 164 (100%)

female 98 (75.4%) 32 (24.6%) 130 (100%)

total 216 (73.5%) 78 (26.5 %) 294 (100%)

Mandibular canines*

male 158 (26.3 %) 6 (3.7%) 164 (100%)

female 132 (89.2%) 16 (10.8%) 148 (100%)

total 290 (92.9%) 22 (7.1%) 312 (100%)

*Statistical signifi cance at the level of p=0.015
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nal structure of the tooth roots. In vitro methods used in 

previous studies include the use of clearing and staining 

techniques, cross sectioning, stereomicroscopy, radiog-

raphy and micro computed tomography, but their imple-

mentation requires tooth extraction (15, 16-21). Dental 

retro alveolar radiographs were used in clinical examina-

tion, but this method is less accurate for assessing inter-

nal tooth morphology than others because it shows the 

complex structure of an object as a two-dimensional image 

(22). CBCT is a newer, non-invasive radiological methods 

for observation of orofacial structures, which is used for 

assessing external and internal morphology of the roots in 
vitro (9) as well as in vivo (6, 8, 10-14). CBCT was shown 

to be as accurate as the gold standard (clearing and stain-

ing technique) (23). In this study, data were collected by 

analysing CBCT images.

Knowing the number of roots of the teeth is important 

because it is most common for mandibular anterior teeth 

to have one root (15). In this study, out of 584 mandibular 

incisors, all had one root, which is equal to the results in 

the study of Han et al., Lin et al., and Aminsobhani et al. 
who used the same method for analysing the teeth roots (8, 

11, 12). By using clearing and staining techniques Rahimi 

et al. also showed one root in all mandibular incisors (16). 

A smaller number of two-rooted lateral incisors (0.3%) 

were found by Zhengyan et al. (13). The results of the 

number of roots of mandibular canines in earlier studies 

vary from 0.8% to 12% (8, 11-14, 16). Our results show the 

incidence of two roots in a group of mandibular canines to 

be 5.8% and we also showed more frequent occurrence of 

two roots in females (p<0.05). The percentage of number 

of roots in previous studies comparing to present study are 

shown in Table 4.

Analysis of the number of root canals in mandibu-

lar incisors showed the incidence of one canal to be 73% 

for the central and 73.5% for lateral incisors. In previous 

studies that used the clearing and staining technique the 

frequency of one root canal in mandibular incisors ranged 

from 62% to 75% (15-18). Studies on CBCT showed the 

frequency of one canal in rage from 61% to 89% (6, 9-13). 

In this study, the frequency of two canals in the group of 

the mandibular canines was 7.1%, which is similar to the 

research of Rahimi et al. (8.4%, using clearing and stain-

ing) (16) and Altunsoy et al. (6.6%, using CBCT) (6). Sta-

tistical analysis did not show the difference in the number 

of root canals between the genders in mandibular incisors 

Table 3. Distribution of root canal types of mandibular anterior teeth

Tooth Sex

Vertucci classifi cation 
Number of 

teethType 1 Type 2 Type 3 Type 4 Type 5

Mandibular central incisors 

male 114 (68.7%) 12  (7.2%) 38 (22.9%) 0 (0%) 2 (1.2%) 166 (100%)

female 102 (78.5%) 2 (1.5%) 26 (20.0%) 0 (0%) 0 (0%) 130 (100%)

total 226 (73.0%) 14 (4.7%) 64 (21.6%) 0 (0%) 2 (0.7%) 296 (100%)

Mandibular lateral incisors

male 118 (72.0%) 8 (4.9%) 36 (22.0%) 0 (0%) 2 (1.2%) 164 (100%)

female 98 (75.4%) 8 (6.2%) 18 (13.8%) 2 (1.5%) 4 (3.1%) 130 (100%)

total 216 (73.5%) 16 (5.4%) 54 (18.4%) 2 (0.7%) 6 (2.0%) 294 (100%)

Mandibular canines*

male 158 (96.3%) 0 (0%) 2 (1.2%) 0 (0%) 4 (2.4%) 164 (100%)

female 132 (89.2%) 2 (1.4%) 0 (0%) 0 (0%) 14 (9.5%) 148 (100%)

total 290 (92.9%) 2 (0.6%) 2 (0.6%) 0 (0%) 18 (5.8%) 312 (100%)

*Statistical signifi cance at the level of p=0.011

Table 4. Percentage of number of roots found in mandibular anterior teeth in previous studies and present study

Method
Central incisors Lateral incisors Canines

One root Two roots One root Two roots One root Two roots

Rahimi et al. (16) Clearing and staining 100 0 100 0 88 12

Lin et al. (11) CBCT 100 0 100 0 / /

Han et al (12) CBCT 100 0 100 0 98.7 1.3

Zhengyan et al. (13) CBCT 100 0 99.7 0.3 99.2 0.8

Soleymani et al. (14) CBCT / / / / 98.7 1.3

Aminsobhani et al. (8) CBCT 100 0 100 0 96.3 4.7

Present study CBCT 100 0 100 0 94.2 5.8
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Table 5. Percentage of diff erent root canal confi guration types in central and lateral mandibular incisors found in previous studies and present study

Method
Group of 

incisors
Sample

Vertucci classifi cation (%)

Type   I Type II Type III Type IV Type V Other types

Vertucci (15)
Clearing and 

staining

Central 100 70 5 22 3 0 /

Lateral 100 75 5 18 2 0 /

Rahimi et al. (16)
Clearing and 

staining

Central 186 64.5 18.3 16.7 0.5 0 /

Lateral 128 61.7 16.4 21.1 0.8 0 /

Leoni et al. (21) mCT
Central 50 50 0 28 0 0 22

Lateral 50 62 0 28 0 0 10

Da Silva et al. (10) CBCT
Central 200 64.5 0 18 0 14.5 3

Lateral 200 60.5 0.5 25.5 0 12 1.5

Lin et al. (11) CBCT
Central 706 89.1 2.4 6.2 1.7 0.6 /

Lateral 706 74.5 3.7 19.3 2.1 0.4 /

Han et al (12) CBCT
Central 1286 84.3 3.4 6.5 1.2 3.9 0.7

Lateral 1294 72.6 4 15.5 2.3 5 0.4

Altunsoy et al. (6) CBCT
Central 1582 84.5 0.3 0.8 4.2 10 /

Lateral 1603 80.2 1.8 1.7 5.4 12.1 /

Zhengyan et al. 

(13)
CBCT

Central 3375 96.3 0.1 3.5 0.15 0.8 /

Lateral 3257 89.4 1.05 7.7 0.3 1.15 /

Aminsobhani et 

al. (8)
CBCT

Central 632 72.7 11.3 4.7 7.7 3.6 /

Lateral 614 70.6 7.1 3.7 15.4 3.2 /

Present study CBCT
Central 296 73 4.7 21.6 0.7 0 /

Lateral 294 73.5 5.4 18.4 0.7 2 /

although the central incisors with two canals were more 

prevalent in males (31.3%) than females (21.5%). Greater 

frequency of two canals of mandibular incisors in males 

was shown by Lin et al. (11). In the group of mandibular 

canines we showed a higher incidence of two root canals 

in females which is different from the study by Soleymani 
et al. who showed that two roots are more prevalent in 

males (14).

We used Vertucci classification into eight types for 

assessing root canal configuration (15), same as most of 

the previous studies (6, 8-21). In the group of mandibu-

lar central incisor with two root canals, the most common 

was type III in 21.6%. Among the other types, only type 

II (4.7%) and Type IV (0.7%) were observed. Study of Ver-
tucci shows the frequency of type III in 22% and type II in 

5%, while the type IV is shown to be more frequent than 

in our study (3%) (15). Similar results Vertucci showed for 

lateral incisors (type III 18%, type II 5% and type IV 2%) 

(15). In this study 18.4% of lateral incisors were type III, 

5.4% were type II, 2% were type V and 0.7%  were type IV. 

These results differ from study of Altunsoy et al. where the 

most prevalent were type V and type IV in the group of 

mandibular incisors (6). Study by Han et al. showed that 

among the incisors with two canals, the most common 

was type III, but with a lower percentage compared to our 

study (6.5% of central incisors and 15.5% of lateral incisors) 

(12). The percentage of different root canal configuration 

types by Vertucci classification of central and lateral man-

dibular incisors in previous studies and present study are 

shown in Table 5. 

Vertucci in his study showed that in the group of the 

mandibular canines most common was type I (78%), fol-

lowed by type II (14%), type IV (6%) and type III (2%) (15). 

Our data hasn’t shown a greater diversity in the types of 

root canal configuration in canines. The most frequent was 

type I (94.2%), while out of other types significantly present 

was only type V (5.8%). The types II and III were only found 

in 2 teeth each, out of total 312 canines. The study of Ama-
rdeep et al. who used CBCT on extracted teeth to analyse 

root canals, found morphological type I in the majority of 

teeth (79.6%) (9). In contrast to our study, the next most 

frequent type was the type III (13.6%), while the type V 

was present in lower percentage (2%) (9). Pineda and Kut-
tler used radiographic images of canines for analysing root 

canal morphology and also showed greatest occurrence of 

type I (81.5%), while the type II (13.5%) was the next most 

common (20). In a research conducted by Zhengyan et al., 
the results for type I were mostly consistent with the re-

sults of our study (95.8%), but the type III was following 

by frequency (2.1%) (13). Soleymani et al. haven’t found a 

significant difference between morphological types of root 

canals and gender (14), in contrast to our study, where we 

have shown that the type V was more common among fe-

male. Table 6. shows the occurrence of different root canal 

configuration types by Vertucci classification of mandibu-

lar canines in previous studies and present study.
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Table 6. Percentage of diff erent root canal confi guration types in mandibular canines found in previous studies and present study

Method Sample

Vertucci classifi cation (%)

Type 

I

Type

II

Type 

III

Type 

IV

Type 

V

Other 

types

Vertucci (15) Clearing and staining 100 78 14 2 6 0 /

Rahimi S. et al. (16) Clearing and staining 149 91.6 6.1 2.3 0 0 /

Sert et al. (18) Clearing and staining 200 76 15.5 6.5 1.5 0 /

Vaziri PB. et al (19) Cross section 100 88 5 7 0 0 /

Pineda et al. (20) Radiography 187 81.5 13.5 0 5 0 /

Da Silva EJN. et al. (10) CBCT 200 90.5 1 4 2.5 2 /

Han et al (12) CBCT 1291 93.7 0.6 3.3 0 0.5 /

Altunsoy M. et al. (6) CBCT 1604 92.8 2.1 1.2 1.35 2.65 /

Zhengyan et al. (13) CBCT 3014 95.8 0.7 2.1 0.2 0.4 /

Soleymani et al. (14) CBCT 300 89.7 3.7 5.7 0 1 /

Aminsobhani et al. (8) CBCT 608 71.8 10.3 2.8 12.8 2.3 /

Present study CBCT 312 92.9 0.6 0.6 0 5.8 /

Previous studies have suggested that in considering 

number of roots and root canal configuration, other than 

technique used for evaluation, sex and ethnical background 

of sample may contribute to diversity in root morphology 

(6, 11, 13, 14, 18). Our study showed that in a group of 

mandibular incisors, a higher occurrence of two root ca-

nals was among males, while in a group of mandibular ca-

nines higher prevalence of two root canals was in females. 

Root morphology varies in studies conducted in dif-

ferent countries and even in different regions of the same 

country (6, 8, 9, 11-14, 16-19). The studies carried out in 

a Turkish population showed that the incidence of sin-

gle root canal in mandibular incisors can vary in a range 

from 36% to 85% (6, 18). In Chinese population the oc-

currence of two root canals of mandibular incisors in 

different studies was shown to be in range from 4% to 

16% for central and from 11% to 27% for lateral incisors 

(11-13). Studies of mandibular canines in Iranian popula-

tion showed that the prevalence of type I of root canal 

configuration can vary from 72% to 92% (8, 14, 16, 19). 

There aren’t any previous studies of number of roots and/

or root canal configuration of mandibular anterior teeth 

carried out on Serbian population.

CONCLUSION

The results of present study showed that around 27% 

of mandibular incisors have two root canals and that 

among incisor with two canals the most prevalent is the 

type III of Vertucci classification. This study also showed 

that the incidence of mandibular canines with two ca-

nals can be as high as 7.1%. These findings emphasize 

the importance of knowledge of variations in root canal 

morphology, since excluding the possibility of morpho-

logical variation can lead to failure in endodontic therapy. 

Also, patient’s gender and ethnic origin should be con-

sidered when performing the preoperative evaluation of 

endodontic treatment. CBCT was shown to be a clini-

cally useful tool for the detection of different root canal 

configurations. More studies are needed to further define 

morphological characteristics of roots of mandibular an-

terior teeth in Serbian population.   
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ABSTRACT

Th e objective of our study was the evaluation of major 

lifestyle risk factors for the development of renal cell carci-

noma (RCC) and the assessment of chances of developing 

this disease among inhabitants in the region, in the presence 

of and with combinations of the studied risk factors. Risk 

factors for developing RCC that are associated with lifestyle 

(smoking, obesity and hypertension) were observed in 500 

patients with RCC aged 30-64 years who were investigated 

at the Krasnoyarsk Oncology Dispensary (study group) and 

858 participants in the Krai (control group). Th e results of 

our study showed that smoking increases the risk of devel-

oping RCC 2.9 times and arterial hypertension 3.3 times in 

men; in women, obesity and hypertension increased these 

risks 2.6 and 3.2 times, respectively. All three risk factors were 

combined in 13.6% of men and in 8.4% of women with RCC. 

Our data may be useful for the prevention, development of 

screening programmes and early diagnosis of RCC.

Keywords: risk factors, renal cell carcinoma, kidney 

cancer, smoking, obesity, arterial hypertension
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INTRODUCTION

Renal cell carcinoma (RCC) is a multifactorial disease. Ap-

proximately 100 risk factors for the development of this ma-

lignant neoplasm have been described in the literature (1). 

However, in accordance with principles of evidence-based 

medicine, only three of these factors have been confirmed in 

large non-randomized, well-planned controlled trials (level of 

evidence: 2a): smoking, obesity and arterial hypertension (2). 

Smoking is a risk factor for development of RCC, as proven by 

the International Agency for Research on Cancer (3, 4). A large 

meta-analysis conducted in 24 centres showed that compared 

with non-smokers, there is a greater risk of developing RCC in 

ever-smokers. The risk of developing this SNR increases in pro-

portion to the number of cigarettes smoked per day. Compared 

to those who never smoked, people who smoke more than 

20 cigarettes a day increase the risk of developing RCC by 60-

100%. The risk of developing RCC decreases only 10 years after 

quitting smoking (5). On the other hand, regarding excess body 

weight, the relationship between increase in body mass index 

(BMI) and risk of RCC development has been proven, and this 

risk is more pronounced in women than in men and depends 

on the degree of obesity. Thus, for every 5 unit (kg/m2) increase 

in BMI, the risk of developing RCC increases by 24% in men 

and 34% in women (6, 7). The mechanism of this effect is as-

sociated with chronic hypoxia, insulin resistance development 

in tissues and compensatory hyperinsulinaemia, endocrine 

status changes with hyperproduction of adipokines, oestrogen, 

SAŽETAK

Cilj ovog istraživanja bio je evaluacija najznačajnijih 

faktora rizika koji potiču od stila života na razvoj karcino-

ma bubrežnih ćelija (KBĆ) i procena šanse za razvoj bole-

sti u regionu, u zavisnosti od prisutnosti ispitivanih faktora 

rizika. Faktori rizika za razvoj karcinoma bubrežnih ćelija 

koji su povezani sa stilom života (upotreba nikotina, goja-

znost i hipertenzija) su posmatrani kod 500 pacijenata obo-

lelih od karcinoma bubrežnih ćelija starosti 30-64 godina 

u Onkološkoj klinici Krasnojark (eksperimentalna grupa) i 

858 ispitanika u kontrolnoj grupi u Krai. Rezultati studije 

su pokazali da upotreba nikotina 2,9 puta, dok hipertenzi-

ja 3,3 puta povećava rizik za razvoj karcinoma bubrežnih 

ćelija kod muškaraca; sa druge strane kod žena gojaznost i 

hipertenzija povećavaju ovaj rizik za 2,6 i 3,2 puta. Sva tri 

faktora rizika su bila prisutna kod 13,6% muškaraca i 8,4% 

žena sa karcinomom bubrežnih ćelija. Ovi podaci mogu biti 

od koristi za prevenciju bolesti, razvoj programa za skrining 

i ranu dijagnozu karcinoma bubrežnih ćelija.

Ključne reči: faktori rizika, karcinom bubrežnih ćelija, 

karcinom bubrega, upotreba nikotina, gojaznost i hipertenzija
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growth factors, immune response changes and cholesterol me-

tabolism, increased lipid peroxidation and oxidative stress (8, 9).

The association of arterial hypertension (AH) and the means 

used for its treatment, with the development of RCC, has been 

established in a number of epidemiological studies (10-12). The 

biological mechanism of this connection is not fully understood 

but is most likely associated with chronic renal hypoxia, lipid 

peroxidation, and formation of free radicals (13, 14). The risk of 

RCC in patients with AH is increased by 60% according to one 

author (11), and another group of researchers (12) found a 24% 

increase in risk in women and 15% in men. To date, the role 

of antihypertensive drugs in the development of RCC has not 

been determined, but it has been established that controlled BP 

reduces the risk of developing RCC (11, 12).

The aim of the study was to examine the major lifestyle risk 

factors for the development of RCC and to evaluate the chances 

of developing this disease among inhabitants of the region in 

the presence and combination of studied risk factors.

MATERIALS AND METHODS 

The three major lifestyle-associated risk factors (smok-

ing, obesity and hypertension) for the development of RCC 

were studied in 500 patients with RCC, age range 30-64 

years old, at the Krasnoyarsk oncological dispensary (study 

group) and in 858 participants of the  Krasnoyarsk Territory 

(control group). Study participants were from similar sex 

and age groups from a study of the main behavioural risk 

factors for the development of chronic non-communicable 

diseases within the framework of the targeted programme 

‘Prevention and control of socially significant diseases’ (15).

Evaluation of smoking-related indicators was carried out on 

the basis of questionnaire, which included questions about 

the existence of bad habits, quality of tobacco products, 

smoking experience and the number of cigarettes smoked 

per day. These questions are used in most major sociologi-

cal studies on tobacco consumption in our region, Russia, 

Europe and the United States (5, 16, 17).

Body weight estimation was carried out using body mass 

index (BMI), developed by Quetelet et al., and calculated by 

the formula (m=body weight in kg; h=growth in metres):

                               

                                         

Interpretation of BMI values   was carried out in accor-

dance with WHO recommendations (18).

Arterial hypertension (AH) was observed in patients 

with RCC and study participants who had a history of hy-

pertension, or a persistent increase in blood pressure val-

ues   of more than 140/90 mm Hg (19).

Statistical analyses

All data are presented as frequency in percent (%). 

To assess the risk of developing RCC in the presence of a 

number of predisposing factors, odds ratios (ORs) were 

calculated with 95% confidence intervals (95% CI). In each 

case, confidence intervals were calculated for the OR. The 

chances were considered statistically significant if the unit 

did not fall within the confidence interval.

RESULTS

Smoking

Among the study group patients, 245 (49.0%) were iden-

tified as smokers, and of these, there were 211 men (73.8%) 

and 34 women (15.9%). In the control group (regional 

population), 285 (33.2%) were smokers, including 208 men 

(49.2%) and 77 women (17.7%). The data obtained indicate 

a statistically significant (p<0.05) prevalence of smoking 

among patients with RCC. This predominance is formed 

mainly by male smokers in the study group (smoking rate 

was 1.5 times higher than in the control group men). For 

females, there were no significant differences in smoking 

rates in the compared groups. Age-specific analysis of the 

prevalence of smoking in the compared groups revealed 

a significant predominance of smokers among men in the 

study group. Additionally, compared to the control group, 

among men with RCC in the age groups 35-39, 45-49, 50-

54, 55-59, and 60-64 years and women aged 35-39 years, the 

prevalence of smoking was significant (p<0.05) (Figure 1).

Regarding the quality of tobacco products used by pa-

tients with RCC, it was found that most of the patients 

who used tobacco smoked cigarettes: men 65.4%, women 

70.6%; 3.3% of men and 0% of women smoked cigarettes; 

2.8% of men and 0% of women smoked cigarettes; other 

kinds of tobacco products were used by 6.6% of men and 

5.9% of women.

Among the control group, the majority of smokers had 

a smoking history of up to 10 years, and among those in the 

study group, the smoking history was 20-29 years. In this 

case, among patients with RCC compared with the control 

group, the proportion of people who had smoked for less 

than 10 years was much lower, and those who had smoked 

for more than 30 years were predominant.

For males, there were significant smoking differences 

in 2 subgroups: smoking experience of up to 10 years and 

smoking experience of 30-39 years. In the first subgroup, 

smoking experience in the study group was significantly 

lower (3.8 times), and in the second subgroup was 2.8 

times higher (p<0.05).

Among women, significant differences in smoking ex-

perience were found in all subgroups. In the subgroup with 

smoking experience of up to 10 years, the proportion of 

women in the control group was 7.3 times higher than that 

of the study group, and in the subgroup with 10-19 years 

of experience, there was a similar trend with a difference 

in indices of 2.2. In subgroups with smoking experience of 

20-29 years, 30-39 years, and 40 years or more, the propor-
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tion of women in the study group was much higher; 1.8, 

2.9, and 7.9 times, respectively, than a similar indicator in 

the control group.

Furthermore, 47.3% of patients with RCC smoked 10 to 

20 cigarettes a day. The same number of cigarettes smoked 

was smoked by men with RCC, and among women sur-

veyed, the prevalence of smoking was up to 10 cigarettes 

a day (50.0%). Comparative analysis of the number of 

smoked cigarettes did not reveal significant differences for 

this indicator for the groups compared.

Obesity
Compared with the control group, we found two sta-

tistically significant trends in our age-specific analysis 

of BMI: the prevalence of men with normal body weight 

(BMI 18.5-25) and the reduced in overweight (BMI 25-30) 

among RCC patients aged 35-39, 40-44 and 50-54 years 

(Figure 2).

Age-specific analysis of BMI in the compared groups of 

women revealed a 4.2 times predominance of persons with 

excess weight in the 30-34 years age group (BMI 25-30). In 

Figure 1. Prevalence of smoking in men and women in the compared groups.

Figure 2. BMI distribution of men and women in the compared groups.
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Figure 3. Prevalence of AH in men and women in the compared groups.

the 35-39 years age of the study group, there were 31.6% 

more people with a body mass deficit (BMI<18.5), 21.7% 

fewer women with normal body weight (BMI 18.5-25) and 

18.3% more obese people (BMI>30) than in the control 

group. In the 40-44 years age in the study group, the number 

of persons with normal body weight was reduced by 43.8%, 

and there were 39.7% more women with obesity than in 

the control group. In the 60-64 years age group, there were 

18.4% fewer overweight women in the study group and an 

18.9% increase in the number of obese people compared to 

the control group. Despite the multidirectional character of 

age-specific trends, the final data show that in comparison 

with the control group, there was a predominance of obese 

women in the study group and a decrease in the proportion 

of people with normal body weight (Figure 2).

Arterial hypertension

In the study group, the average prevalence of arterial 

hypertension (AH) was 66.1% and 75.7% among men and 

women, respectively. In general, the prevalence of hyper-

tension in patients of both sexes with RCC was 70.2%, 

which was significantly higher than the 43.4% in the con-

trol group (p<0.05). The prevalence of hypertension tend-

ed to increase with age among both men and women.

Age-specific analysis of the prevalence of hypertension 

in men and women in the compared groups is shown in 

Fig. 3. For both sexes, there was a statistically significant 

prevalence (p<0.05) of hypertension among patients with 

RCC in age groups 35-39, 40-44, and 45-49 and in men 

with RP at ages 30-34 and 60-64.

Combination of risk factors
The combination of all three risk factors for RCC was 

identified in 11.4% (13.6% o f men, 8.4% of women), smok-

ing and obesity in 14.4% (16.1% of men, 12.1% of women), 

smoking and hypertension in 34.8% (58.3% of men, 9.3% of 

women), and obesity and hypertension in 29.0% (17.8% of 

men, 43.9% of women). 

Risk assessment of RCC development
In assessing the impact of risk factors on the develop-

ment of RCC in men, it was found that the likelihood of 

developing disease was 2.9 times higher among smokers 

and 3.3 times higher among patients with AH. In women, 

the incidence of RCC increased by a factor of 2.6 in the 

presence of obesity and by 3.2 times with elevated BP fig-

Risk factor Sex OR

95% CI

Lower 

bound

Upper 

bound

Smoking
Male 2.894* 2.091 4.007

Female 0.881 0.566 1.369

Obesity
Male 1.494 0.998 2.238

Female 2.621* 1.860 3.693

Arterial hypertension
Male 3.256* 2.378 4.458

Female 3.232* 2.245 4.653

Table 1. Th e ratio of the chances of developing RCC among participants 

of the region, depending on risk factor

Note: * - signifi cant odds ratios.
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ures. There was no significant difference in the likelihood 

of developing RCC in men with obesity and in women who 

smoked (Table 1).

Among men with smoking as a risk factor, the risk of 

developing RCC was confirmed for 4 age groups: 45-49 

(OR 5.313 (95% CI 2.430-11.612)), 50-54 (OR 3.180 (95% 

CI 1.606-6.297)), 55-59 OR 2.257 (95% CI 1.077-4.731)) 

and 60-64 years (OR 3.135 (95% CI 1.217-8.073)). For hy-

pertension, a significant odds ratio of 2.4 times (95% CI 

1.2-5.0) was found only for ages 45-49 years. Among fe-

male patients, significant chances of developing RCC were 

found in obese patients in 2 age groups: 40-44 (OR 6.267 

(95% CI, 1.778-22.081)) and 60-64 years (OR 2.182 (95% CI 

1.044-4.559)).

DISCUSSION

From a medical and demographic point of view, Kras-

noyarsk Territory is the largest part of the Russian Fed-

eration with a regressive type of population and gender 

disproportion (the prevalence of women is 14.5%), in 

addition to high mortality among able-bodied people 

(30.6%), most of whom are men (78.2%). Oncological 

diseases make a significant contribution to the mortality 

of the working-age population in our region as the third-

most common cause of death (20). The mortality from 

RCC is significant to the region’s medical, demographic 

and economic losses for a number of reasons: against a 

background of high mortality (JV 4.54, in the Russian 

Federation, 3.43 per 100,000 population), low, active de-

tection rates were 7.5% (RF 11.1%), and early diagnosis of 

the disease was 46.2% (RF 55.8%).

Using the analysis of major lifestyle risk factors for de-

veloping RCC, we demonstrated the prevalence of smok-

ing in men in virtually all analysed age groups and for 

women with RCC at ages 35-39 years. According to the 

quality of tobacco products used by patients with RCC, 

our data are comparable with the results of regional and 

Russian (15, 16) sociological polls of the population: 59.8% 

of men smoke, and 81.5% of women use factory-produced 

cigarettes in Russia (in our study 65.4% and 70.6%, re-

spectively); 2.2% of men and 0.7% of women smoked ciga-

rettes (our study; 3.3% and 0.0%); 1.8% of men and 1.4% of 

women smoked cigarettes (our study; 2.8% and 0%); and 

other kinds of tobacco products are used by 8.3% of men 

and 3.8% of women (our study 6.6% and 5.9%). Compared 

to the regional population (control group), smoking expe-

rience was significantly higher among patients with RCC, 

which was confirmed by the prevalence in this group of 

people who smoked for more than 20 years and the pro-

portion of people who smoked for less than 10 years.

Overall, 31.6% of patients with RCC were obese; wom-

en, 65.2% and men, 34.8%. In the control group, the pro-

portion of obese individuals was 20.0% (women, 66.3%; 

men, 33.7%). The most interesting and significant trend 

was revealed in the analysis of BMI, where compared with 

the control group, there was a predominance of obese fe-

males in the study group. No less important is the fact that 

this trend was formed mainly at the expense of age groups 

40-44 and 60-64.

There was a prevalence of AH among men with RCC in 

almost all age groups and in women at younger ages (35-

39, 40-44, 45-49 years).

Still, the importance and actuality of combined risk 

factors for the development of RCC is present in the lit-

erature. For example, when smoking and obesity are com-

bined, the gender significance of the factors increases; in 

men, the risk of developing the disease increases by 47.0%, 

and in women by 33.9% (1). Krasnoyarsk residents have 

found that for men, risk factors such as smoking and hy-

pertension (increased risk of developing RCC is 2.9 and 3.3 

times, respectively) are more significant, and for women, 

obesity and hypertension (in 2.6 and 3.2 times respective-

ly). All three risk factors are combined in 13.6% of men and 

in 8.4% of women with RCC.

CONCLUSION

A comprehensive analysis of the given risk factors for 

the development of RCC indicates that most attention 

should be paid to lifestyle-related factors: smoking, obe-

sity and hypertension. On the other hand, these factors are 

preventable through primary and secondary prevention 

procedures, and they may be a useful tool for the  screening 

and early diagnosis of RCC.
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ABSTRACT

Poor dietary habits have become one of the most impor-

tant concerns among public health policy makers in recent 

years, due to the impact they have on both economic and 

health systems of a country. Th e transitional period toward 

young adulthood, marked with high school graduation and 

the beginning of college years, has been identifi ed as critical in 

terms of its infl uence on young people’s bad eating habits. Th e 

aim of this study was to assess whether the results obtained 

through Food Frequency Questionnaire signifi cantly correlate 

with standard body parameters. Participants included 210 

students from the University of Banja Luka, with the mean 

age of 21.94 ± 2.73 years. Factorization of Food Frequency 
Questionnaire Instrument extracted seven factors which were 

subjected to multiple regression analysis as independent vari-

ables, and correlated to dependent variables - anthropologi-

cal measurements. Th is study shows that the factors labeled 

as consumption of bread, consumption of healthy food, and 

intake of carbohydrates, are signifi cantly related to Body Fat 

Percentage, whereas factors labeled as intake of food of animal 

origin, and intake of fruits and vegetables, are statistically sig-

nifi cant in terms of their relation to Waist-to-Hip Ratio. Only 

one factor, labeled as intake of unhealthy food, is signifi cantly 

related to Body Mass Index; this is to suggest that Body Mass 

Index has again showed many limitations with regard to its 

research relevance. Th is research has also found that students 

of the University of Banja Luka typically consume white bread, 

known to have a direct link with overweight and obesity. 

Keywords: Body Mass Index, Eating Habits, Food Frequen-

cy Questionnaires, Body Fat Percentage, Waist-to-Hip Ratio.

SAŽETAK

Loše navike u ishrani su postale jedna od najznačajni-

jih briga u politici javnog zdravlja poslednjih godina, jer one 

imaju uticaj kako na ekonomski tako i na zdravstveni sistem 

zemlje. Najkritičniji period u pogledu uticaja na stvaranje 

loših navika u ishrani je period odrastanja, odnosno period 

kraja srednje škole i početak fakulteta. Cilj ovog istraživa-

nja bio je da se proceni da li rezultati dobijeni korišćenjem 

upitnika Food Frequency značajno koreliraju sa osnovnim 

telesnim parametrima. U istraživanju je učestvovalo 210 

studenata sa Univerziteta u Banja Luci, prosečne starosti 

21,94±2,73 godina. Korišćeni upitnik je imao sedam faktora 

koji su podvrgnuti višestrukoj regresionoj analizi kao nezavi-

sne varijable, a potom korelirani sa antropometrijskim me-

renjima koji predstavljaju zavisne varijable. Ova studija je 

pokazala da faktori označeni kao konzumiranje hleba, kon-

zumiranje zdrave hrane i unos ugljenih hidrata su značajno 

povezani sa procentom masti u telu, dok su faktori označe-

ni kao unos hrane animalnog porekla, unos voća i povrća 

značajno povezani sa odnosom obima struk/kuk. Samo je-

dan faktor, označen kao unos nezdrave hrane, je značajno 

povezan sa indeksom telesne mase, što još jednom ukazuje 

na činjenicu da indeks telesne mase ima dosta ograničenja u 

pogledu njegove relevantnosti za istraživanje. Takođe je ovim 

istraživanjem utvrđeno da studenti Univerziteta u Banja 

Luci tipično koriste beli hleb iako je poznatno da on dovodi 

do gojaznosti i nastanka prekomerne telesne mase.

Ključne reči: Indeks telesne mase, navike u ishrani, upit-

nik Food Frequency, procenat telesnih masti, odnos obima 

struk/kuk 

EATING HABITS AND STANDARD BODY PARAMETERS
AMONG STUDENTS AT UNIVERSITY OF BANJA LUKA

Nela Raseta1, Slobodan Simovic2, Sonja Djuric1, Nenad Suzic3, Alma Prtina1, Nina Zeljkovic1 
1Facuty of Medicine, University of Banja Luka, Bosnia and Herzegovina

2Facuty of Physical Education and Sport, University of Banja Luka, Bosnia and Herzegovina
3Faculty of Philosophy, University of Banja Luka, Bosnia and Herzegovina

NAVIKE U ISHRANI I OSNOVNI TELESNI PARAMETRI KOD
STUDENATA UNIVERZITETA U BANJA LUCI 

Nela Rašeta1, Slobodan Simović2, Sonja Đurić1, Nenad Suzić3, Alma Prtina1, Nina Zeljković1 
1Medicinski fakultet, Univerzitet u Banja Luci, Bosna i Hercegovina

2Fakultet fi zičkog vaspitanja i sporta, Univerzitet u Banja Luci, Bosna i Hercegovina
3Fakultet za Filozofi ju, Univerzitet u Banja Luci, Bosna i Hercegovina

Received / Primljen: 18. 01. 2017. Accepted / Prihvaćen: 19. 04. 2017.

ABBREVIATIONS

BMI - Body Mass Index

FE - Faculty of Economics

FFQ - Food Frequency Questionnaire  

FM - Faculty of Medicine

FPES - Faculty of Physical Education and Sport

BF% - Body Fat Percentage

WHO - World Health Organization

WHR - Waist-to-Hip Ratio 



42

INTRODUCTION

Overweight and obesity prevalence across the globe (1) 

has witnessed a rising trend in the recent years, so that is al-

most possible to define it as a global pandemic (2), whereas 

its link to various diseases (3) puts it in the focus of pub-

lic health debates (4). Overweight and obesity epidemic is 

equally found in developed and developing countries (5), 

and it is rapidly growing in the Third World Countries (6). 

It is recorded in all age groups including children, adoles-

cents (4), and university students (7, 8).

Late adolescence and early adulthood period has been 

reported as indicative in relation to weight changes and 

adoption of poor dietary and exercise patterns (9); numer-

ous studies from US have confirmed that freshman years 

among university students are critical in weight gain and 

behavioral patterns that may contribute to overweight and 

obesity (10-12). Weight gain in freshman college students 

and perceived health among European undergraduate has 

proven to follow the same pattern, but with a more pro-

nounced perception of overweight and obesity among fe-

male students (8), even within other age groups (13, 14) 

(gender-sensitive dimorphism). However, a study carried 

out at the University of Banja Luka reported high preva-

lence of overweight and obesity 24.80%, but with different 

results in comparison to other European countries, where 

male students were recorded to be more overweight/obese 

(17). Analyses of overweight and obesity prevalence con-

ducted in the region of Southeastern Europe have come up 

with similar results (18-20).

World Health Organization defines overweight and 

obesity as abnormal or excessive fat accumulation that 

may impair health (21). This is not to suggest that there 

is a single individual according to whose body measures 

we can compare overweigh/obesity values, but the point 

is that the fundamental cause of obesity and overweight 

is an energy imbalance between calories consumed and 

calories expended (22). Dysfunction of feedback mecha-

nism of satiety, hyperinsulinemia, insulin resistance and 

genetic predisposition, are seen as one the main causes 

of overweight and obesity (23). Some authors even de-

fine this term as obesogenic environment - an environ-

ment that promotes weight gain and offers a wide array 

of foods loaded with fat and sugar - nutrition known to 

have a jeopardizing effect on human metabolism (24). On 

the other hand, there are authors who link overweight 

and obesity with socioeconomic status of an individual, 

sedentary (urban) lifestyle, size of family, physical inac-

tivity, educational status, cultural factors and bad eating 

habits (25). 

Freshman adaptation to university life is highly de-

manding for young adults (26, 27), so if they fail to ade-

quately adapt to this new environment, the poor dietary 

patterns and weight gain are likely to ensue (27). The rea-

son probably lies in the fact that students experience cer-

tain number of transitional challenges when they transfer 

from secondary school to college environment, all of which 

may perpetuate in poor dietary and exercise patterns (28). 

Physical activity and proper eating habits are seen as key 

factors in the prevention of overweight-related diseases 

(29), whereas sedentary lifestyle and excessive calorie in-

take are labeled as two factors which contribute most to 

overweight and obesity. Changes in physical activity (30) 

during early college years (young adulthood) may contrib-

ute to overweight and obesity, as this is when adolescents 

change their behavioral and dietary patters (31). Moreover, 

academic burden students experience on the daily basis 

is discouraging with regard to adoption of healthy eating 

and exercise habits (32). Changes in weight, composition 

and shape of body are reported to be significant and incre-

mental, and they may result in rather unfavorable lifelong 

health issues (33, 34).

Prevalence of underweight, alongside with overweight 

and obesity, has been reported in university students from 

the region of Murcia (35). Olearo et al. (36) claim that 

12.5% of university students are underweight, while a study 

carried out by Pelzner et al. (7), as well as other similar 

researches (37), found underweight prevalence more com-

mon among female students. Raseta et al. (17), and other 

authors from our region (18-20), came up with similar 

findings. This is to say that the issue of underweight should 

receive an adequate attention as well (38). 

The aim of this study was to investigate whether the 

results obtained through self-reported Food Frequency 
Questionnaire [FFQ] correlate with values measured by 

Body Mass Index [BMI], Body Fat Percentage [BF%] and 
Waist-to-Hip Ratio [WHR] in students from the University 

of Banja Luka. 

MATERIALS AND METHODS

This study was conducted as the cross-sectional one, 

with 210 participants from the University of Banja Luka 

– the mean age 21.94 ± 2.73 years. Out of the total num-

ber of participating students, 30 per year of study (first- 

and third-year students) were from the Faculty of Physical 

Education and Sport [FPES], and the Faculty of Economics 

[FE] – total of 120 students; and 90 were students from 

the Faculty of Medicine [FM] – 30 students per year of 

study (first, third, fifth). Male to female ratio was imbal-

anced (107 male or 50.95%, and 103 female or 49.05%) due 

to the general gender structure at the Faculty of Physical 

Education and Sport, and Faculty of Economics. Students 

were recruited on a voluntary basis, and an informed con-

sent from the students was obtained prior to their par-

ticipation. This study was carried out in accordance with 

the highest ethical principles set out in the Declaration of 

Helsinki (DoH), and it was compliant with the similar leg-

islation concerning human experimentation in Bosnia and 

Herzegovina.

Anthropometric measurements were performed in 

accordance with the recommendations from the Interna-

tional Biological Program (IBP) and World Health Orga-
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nization (WHO). The measurements were performed at 

the Institute of Sport of the Faculty of Physical Education 

and Sport, during the months of May and June 2015. The 

students were measured according to the following param-

eters: Body Mass (measured in kilograms using medical 

weighing scales having precision of 0.1 kg), Body Height 

(the height was taken barefoot in centimeters by using the 

Martin anthropometer, and it was recorded with the pre-

cision of 0.1 cm), Waist Circumference (measured at the 

midpoint between the lowest point of the rib cage and the 

highest point of femoral crest of the pelvic bone), Hip Cir-

cumference (measured at the widest point while being at 

level with the trochanter), Biceps Skinfold (measured on 

the anterior side of the middle of forearm just above m. 

biceps), Triceps Skinfold (measured on the dorsal side of 

the middle of forearm just above m. biceps), Subscapular 

Skinfold (measured below the lower edge of the scapula), 

and Suprailiac Skinfold (measured 1 cm above and 2 cm 

medially from anterior superior iliac spine (ASIS) - spina 
iliaca anterior superior). Circumferences were recorded 

by using measuring tape having precision of 0.1 cm, while 

skinfold measurements were obtained using a John Bull 

Calipers with 0.2 mm precision and standard pressure of 

0.01 Pa on 1 mm2 of skin.

According to WHO’s overweight and obesity factsheet 

(39), BMI values were determined as follows: ≤18.5 under-

weight, between 18.5 and 24.9 normal (healthy) weight, 

25.0 - 29.9 overweight, and ≥30 obese. WHR values were 

classified according to WHO’s recommendations (40), and 

with respect to gender dimorphism – females: ˂0.75 excel-

lent, 0.75-0.79 good, 0.80-0.86 average and ˃0.86 at risk, 

and males: ˂0.85 excellent, 0.85-0.89 good, 0.90-0.95 av-

erage, and ˃0.95 at risk. The calculation of Body Fat Per-

centage was based on the formula developed by Durin and 

Womersley (41), with predicted values for 17-29 years old 

people expressed as logs of the total four skinfold types. 

The classification of the obtained values was performed 

in accordance with Bray (42), again with the respect of 

the gender dimorphism – females: 20-30% physiological 

(normal) values, 30-33% overweight, >33 obesity; males: 

12-20% physiological (normal) values, 20-25% overweight, 

>25% obesity.

As an index of weight-for-height, BMI has been regard-

ed as simple but at the same time the method with seri-

ous limitations (43) when it comes to body composition 

analysis within an entire population. BMI and BF% tend to 

be misinterpreted, particularly when observed across dif-

ferent age groups. BMI is comprised of both fat and muscle 

mass, so it sometimes can be misleading in terms of evalu-

ating somebody’s overweight and obesity status, especially 

in people with normal or relatively low values of BF% (44) 

- professional athletes for example (18). Although BMI val-

ues in middle-aged people (45) can be relevant, in younger 

population, however, BMI is seen as the least reliable pre-

dictor of overweight and obesity. Though it has been used 

much less than BMI, WHR provides more accurate results 

with respect to body composition (45). 

In order to track down the history of dietary hab-

its in university students, we designed FFQ instrument 
(46), with an intention to account for how often and how 

much certain amount of food was consumed during the 

reference period (47). Calibration was performed by fac-

tor analysis (Brattlett Test of Sphericity was significant at 

p ˂ 0.01, and Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy showed that indicators of sampling adequacy 

were higher than 0.40 - KMO = 0.68), and the number of 

extracted factors was seven, out of which six had Cron-

bach’s Alpha quotient at above 0.50: (a) intake of food of 

animal origin (α = 0.72); (b) consumption of white bread 

(α = 0.92); (c) consumption of healthy food (α = 0.63); (d) 

intake of unhealthy food (α = 0.63); (e) intake of carbo-

hydrates (α = 0.43); (f ) consumption of milk and dairy 

products (α = 0.71); (g) consumption of fruits and veg-

etables (α = 0.77). The respondents were asked to provide 

answers on a Likert-type scale ranging from 1 to 9: 1 = 

never, 2 = once a month, 3 = twice a month; 4 = once a 

week; 5 = twice a week; 6 = 3-4 times a week; 7 = 5−6 

times a week; 8 = once a day; and 9 = twice a day. One 

of the items relating to the intake of food of animal ori-

gin read: How often do you eat meat? The following items 

exemplify the nature of the other remaining factors: con-

sumption of healthy food – How often do you eat fish?; 
intake of unhealthy food – How often do you eat sweets?; 
consumption of milk and dairy products – How often do 
you eat dairy products?; etc. 

The data were coded and entered into a database. We 

used simple descriptive statistics to provide basic informa-

tion about the overall characteristics of the sample - One-

tailed Bivariate Correlation, factor analysis with Varimax 

rotation (characteristic values over 1.00), Chronbach’s Al-

pha quotient, and multiple regression analysis. Statistical 

analyses were carried out with IBM SPSS Statistics 21.0.

RESULTS

The overall view on the obtained results points to the 

following means of the observed parameters: male stu-

dents - WHR (M = 0.84, SD = 0.52), BF% (M = 15.47, SD 
= 3.50), and BMI (M = 24.36, SD = 2.59); female students 

- WHR (M = 0.72, SD = 0.04), BF% (M = 25.14, SD = 3.59) 

and BMI (M = 21.54, SD = 2.46). Mean values by fields of 

study (faculty attended) and gender are shown in Figure 

1, with WHR results presented in Graph 1, BF% results in 

Graph 2, and BMI in Graph 3. The first indicators in all the 

three graphs give mean values for the observed parameter 

– for the students of the Faculty of Physical Education and 

Sport, the Faculty of Economics and the Faculty of Medi-

cine, respectively. 

With respect to FFQ Instrument, Figure 2 gives clear 

evidence that the curve of mean values across items is al-

most identical. Tested students reported the highest value 

answers (i.e. 5-6 times a week) for item How often do you 
eat bread? (M = 7.27, SD = 0.16). Consumption of food 
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3-4 times a week was recorded for the items How often do 
you eat white bread? (M = 6.91, SD = 0.18), How often do 
you eat fruits? (M = 6.91, SD = 0.11), How often do you eat 
meat? (M = 6.67, SD = 0.11) and How often do you eat veg-
etables? (M = 6.57, SD = 0.12). The lowest value (i.e. twice 

a month) was recorded for the item How often do you eat 
whole wheat pasta? (M = 2.62, SD = 0.12), whereas on the 

following items: How often do you eat fish? (M = 3.30, SD 

= 0.11), How often do you drink skimmed milk? (M = 3.62, 

SD = 0.17), and Do you eat margarine or butter? (M = 3.79, 

SD = 0.15) students responded with once a week answers. 

Triangular correlation matrix between the extracted fac-

tors following the factorization of FFQ instrument and the as-

sessment results for variables WHR, BF% and BMI shows that 

BF% is partially correlated at p ˂ 0.05 level with the following 

four extracted factors: positively with consumption of bread 
and intake of unhealthy food, and negatively with consump-
tion of healthy food and intake of carbohydrate; WHR corre-

lates with three factors: positively with intake of food of ani-
mal origin and intake of carbohydrates, and negatively with 

consumption of fruits and vegetable; BMI has only one nega-

tive correlation – namely with intake of unhealthy food. 

Figure 1

Legend: WHR – Waist-to-Hip Ratio; BF% – Body Fat Percentage; BMI – Body Mass Index; FPES – Faculty of Physical Education and Sport; FE – Fac-

ulty of Economics; FM – Faculty of Medicine; M – Men; W – Women.

Figure 2

Legend: SN1 – How often do you eat bread?; SN2 – How often do you eat white bread?; SN3 – How often do you eat cereals (cornfl akes, etc.)?; SN4 – 

How often do you eat white fl our pasta (spaghetti, macaroni)?; SN5 – How often do you eat whole wheat pasta?; SN6 – How often do you eat potatoes?; 

SN7 – How often do you eat vegetables?; SN8 – How often do you eat fruits?; SN9 – How often do you eat meat?; SN10 – How often do you eat red 

meat?; SN11 – How often do you eat chicken and lean meat?; SN12 –How often do you eat fi sh?; SN13 – How often do you eat eggs?; SN14 –  How 

often do you eat delicatessen food?; SN15 – How often do you eat legumes (beans, peas, pulses)?; SN16 –  How often do you drink milk?; SN17 – How 

often do you eat dairy products?; SN18 – How often do you consume whole milk dairy products?; SN19 – How often do you consume partly skimmed 

milk?; SN20 – How often do you consume skimmed milk?; SN21 – How often do you eat sweets?; SN22 – How often do you eat snacks?; SN23 – Do 

you consume margarine or butter?
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The dependent variable BF% shows statistically signifi-

cant correlation (F
(3, 206)

 = 7.48; p = 0.00) in the third itera-

tion of Stepwise Regression Model, with following three 

factors extracted from the FFQ instrument: consumption 
of bread (p = 0.00), intake of carbohydrates (p = 0.01) and 
consumption of healthy food (p = 0.05). 

The dependent variable WHR shows statistically signif-

icant correlation, (F
(2, 207)

 = 4.71; p = 0.01) in second itera-

tion, with two factors: consumption of fruit and vegetables 

(p = 0.01) and intake of food of animal origin (p = 0.03). 

Regression analysis for BMI is not here provided due to 

the fact that triangular matrix of partial correlations shows 

that BMI only correlates with one out of seven factors, 

namely intake of unhealthy food, at p ˂ 0.05 level.

Diagrams of dispersion of residues indicate that there is 

a clear dependence between residues and predicted values 

for all three dependent variables, which is consistent with 

the linearity assumption (Figure 3). 

DISCUSSION

Raseta et al. (17) showed that, according to WHR, 

98.10% of male and 87.90% of female students fell within 

limits marked as excellent and good. Only 1.90% of male 

students had average (within borderlines) results, while 

female students fared a bit worse (11.20% were average, 

and 1.00% were at risk of overweight). In terms of per-

centage distribution, BF% variable had 74.80% of male and 

72.00% of female students within physiological (normal) 

values, 15.50% male students and 11.20% female students 

fell within overweight category, whereas 9.70% males and 

16.80% females were underweight. The observed group 

of undergraduate students recorded no cases of obesity. 

Percentage distribution of BMI variable classified 70.90% 

students within normal values, 22.40% overweight, 2.40% 

obesity, and 4.30% underweight. Raseta et al. (17) appear 

to have substantiated the widespread claims that student 

population is witnessing an increase in overweight and 

obesity prevalence regardless of the part of the world it 

occurs (7), with the region of the Southeastern Europe 

being no exception (48). If these results are set against 

similar studies from the European context (8), we cannot 

help but to conclude that they are inversely proportional 

to the results presented by our European fellow research-

ers. In a research that included participants from 16 Eu-

ropean countries, female students were reported to have 

larger proportion in overweight and obesity category as 

compared to male students. Some other studies from our 

region (18-20, 49, 50), as well as from other Eastern Eu-

ropean countries (51), have confirmed the same trend of 

overweigh and obesity among university students. Davar 

(5) concludes that almost all countries are facing obesi-

ty endemic, although great variations exist between and 

within countries. More interestingly, underweight preva-

lence is on the rise among students, especially among fe-

male students (38), which has been corroborated by the 

study carried out on the population of university students 

in Banja Luka (17). This phenomenon might be interpret-

ed as female students’ concern about their appearance, 

which is hugely influenced by women celebrities. Their 

primary motivation to stay slim could be driven by the de-

sire to attract the attention of the opposite sex, peer sup-

port, and increase of self-confidence (52). 

Bad eating habits, physical inactivity, and sedentary 

lifestyle can all predispose university students to face 

weight issues (13), i.e. reduced physical activity and high 

caloric diet are almost certain risk factors of overweight 

and obesity in student population (31). As noted before, 

the transition between adolescence and adulthood, a 

common age for university attendance, is accompanied by 

weight gain, so it is obvious that there is a need to initi-

ate lifestyle changing strategies at this particular period 

of life if we want to prevent overweight and obesity, and 

contribute to improve one’s exercise and diet habits in the 

long run (53). 

Regression analysis of FFQ Instrument in third itera-

tion extracted three factors that correlate with BF% vari-

able with statistical significance. The first factor was la-

beled consumption of bread and it included two items from 

FFQ Instrument: (a) How often do you eat bread? – stu-

dents responded 5-6 times a week, and (b) How often do 
you eat white bread? – students responded 3-4 times a 

week. The second factor, labeled as intake of carbohydrate, 

Figure 3
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included three items from FFQ Instrument: (a) How often 
do you eat white flour past (macaroni, spaghetti)? - the re-

sponse was once a week; (b) How often do you eat potatoes? 

– twice week, and (c) How often do you eat legumes (beans, 
peas, pulses)?– once a week; the third factor was labeled as 

consumption of healthy food and it was consisted of five 

FFQ Instrument items: (a) How often do you eat cereals 
(cornflakes, etc.)? – twice a week; (b) How often do you eat 
whole wheat pasta? –once a month; (c) How often do you 
eat fish? – twice a month; (d) How often do you consume 
partly skimmed milk? – once a week, and (e) How often do 
you consume skimmed milk? – once a week. The obtained 

results clearly indicate that white bread consumption, 

which is associated with fast food, is strongly correlated 

with weight gain and occurrence of overweight and obesi-

ty. On the other hand, intake of healthy food recorded very 

poor results in terms of its frequency among students from 

the University of Banja Luka. There are numerous studies 

which provide plentiful evidence with regard to bad dietary 

habits in student population (54). Some researchers (48, 

55) from our region even go further to conclude that 60-

70% of students have bad eating habits. Such dietary pat-

tern is closely linked with weight gain in this population. 

Food preference and widespread availability of fast food 

are also contributing to negative eating environment sur-

rounding young students (56). Various reasons are seen to 

be underlying in this respect: lack of available information 

on healthy food choices (57), financial side of the food issue 

– unhealthy food is readily available for less money than 

healthy food (58), students’ financial status (59), as well as 

exposure to high level of stress among university students, 

particularly before exams (60). Some US studies have also 

found that reduced intake of healthy food and bread is a 

trade-off for increased consumption of fat-loaded food and 

alcohol (61).

Two factors exhibited statistically significant correla-

tion with variable WHR (in second iteration). The first 

factor was labeled as consumption of fruits and vegetables 

and it included two items from FFQ Instrument: How of-
ten do you eat vegetables? and How often do you eat fruits? 

– students came up with answers 3-4 times a week. The 

second factor was labeled as intake of food of animal origin 

and it included the following four items: (a) How often do 
you eat meat? students responded 3-4 times a week; for 

questions (b) How often do you eat red meat?; (c) How of-
ten do you eat chicken and lean meat; and (d) How often 
do you eat eggs? students gave the same answers – twice a 

week. Romaguera et al. (62) found that diet with plenty of 

fruits and dairy products, and little white bread, processed 

meat, margarine and soft drinks (non-alcoholic bever-

ages), can prevent gain of visceral fat. Students who show 

tendency towards eating less of fruits and vegetables than 

recommended on the daily basis, are inclined to drinking 

alcohol, overeating fast food, and succumbing to excessive 

calorie intake (14), all of which predispose them to over-

weight and obesity (13, 54). The present study shows that, 

in comparison to other types of food, the tested students 

exhibited preferences towards fruits and vegetables – the 

similar findings have been presented by Yahia et al. (63). 

Contrary to the popular belief though, some authors found 

no correlation between consumption of fruits and vegeta-

bles accompanied by physical activity, and prevention of 

overweight and obesity (64). 

BMI was correlated with only one factor, labeled as in-

take of unhealthy food, which included the following four 

items: (a) How often do you eat sweets? – twice a week was 

students’ response, (b) Do you consume margarine or but-
ter? – twice a month, for (c) How often do you eat delicates-
sen food?, and (d) How often do you eat snacks?, students 

responded once a week. Excessive intake of sweets among 

college students has been in the focus of different studies 

(53); an increased consumption of snacks before exams in 

student population was also recorded (48). Increased BMI 

values have been reported as being in close relation to ex-

cessive sweets intake in younger population (65). However, 

BMI has repeatedly been found insufficient of providing 

apt classification with regard to weight (nutritional) sta-

tus of university students. Similar findings appear to have 

been substantiated by the present study as well - which 

provides yet another insight into the limitations of BMI’s 

reliability (5, 17, 45).

There are of course certain limitations to this study. 

First of all, classification of students into the two following 

categories - (a) those who continue to live at their parents’ 

home during their studies, and (b) those who move away 

from their parents – would be beneficial as there are nu-

merous researches supporting claims that students who 

change their permanent residence tend to be more sus-

ceptible to dietary changes (66). Furthermore, the num-

ber of participating students and faculties is surely one of 

the most serious limitation. What is more, students often 

showed little or no motivation to participate in studies of 

this kind. 

It is opined that further research into the issue of eating 

habits and their impact of body and weight status among 

student population, should be carried out in the form of 

longitudinal study with two dependent variables, namely 

BF% and WHR. That would also call for adjustments in 

FFQ Instrument, in order to eliminate drawbacks noticed 

during the present study. Finally, the number of partici-

pants in any future research should be increased. 

CONCLUSION

The vast amount of research findings provided by 

this paper conclusively correlates Body Fat Percentage, 

Waist-to-Hip Ratio and dietary habits of the participating 

students. Bread consumption has been found to stand in 

the highest correlation to Body Fat Percentage. This im-

plicitly assumes that the  students from the University of 

Banja Luka tend to consume too much fast food and thus 

account for an increased number of student population in 

overweight category. 
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ABSTRACT

Non-pharmacological treatment including diet, body 

weight reduction, smoking cessation and physical activity, is 

very important part of hypertension treatment. Th e objec-

tive of this study was to investigate the adherence to healthy 

lifestyle behavior in the representative sample of the older 

hypertensive patients, and to investigate factors associated 

with adherence in the studied older population. Th e study 

was conducted on random sample of 362 long term hyper-

tensive (> fi ve years) patients older than 65 years of age, at 

Health Care Center of Kragujevac. Adherence was assessed 

using the structured questionnaire for the analysis of the im-

plementation of both hypertension and diabetes guidelines 

in the primary care. Both bivariate and multivariate analy-

ses were conducted. Nearly 35% of examined patients were 

highly adherent; they exercised regularly, avoided smoking 

for at least fi ve years and consumed special healthy diet pre-

scribed for hypertension. Another 35.6% of the cases reported 

exercising regularly, 39.5% followed the recommended diet 

for the hypertension, while 23.4% of the patients have still 

consumed cigarettes. Multivariate logistic regression dem-

onstrated that received counseling on healthy lifestyle be-

haviors by physicians and lack of education predicted high 

adherence to healthy lifestyle behavior. In order to improve 

adherence of elderly hypertensive patients to healthy lifestyle, 

strengthening patient-physician relationships through eff orts 

to enhance communication may be a promising strategy to 

enhance patients’ engagement in healthy lifestyle behaviors 

for hypertension. Such an improvement could be achieved 

through the education of both the physicians and patients.

Key words: hypertension, older patients, lifestyle adherence
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ABBREVIATIONS

BMI – body mass index BP – blood pressure

SAŽETAK

Nefarmakološki tretman koji uključuje dijetu, smanjenje 

telesne mase, prestanak pušenja i fi zičku aktivnost je veoma 

važan u lečenju hipertenzije. Cilj ovog istraživanja je bio is-

pitati na reprezentativnom uzorku starijih pacijenata obole-

lih od hipertenzije u kojoj meri se oni pridržavaju zdravih ži-

votnih navika  kao i koji faktori utiču na to. Ispitivanu grupu 

je činio uzorak od 362 slučajno odabrana pacijenta Doma 

zdravlja Kragujevac starijih od 65 godina koji su imali hiper-

tenziju duže od pet godina. Komplijansa  je procenjivana po-

moću strukturiranog upitnika za analizu primene vodiča za 

hipertenziju i dijabetes u primarnoj zdravstvenoj zaštiti. Za 

obradu podataka korišćene su bivarijantna i multivarijan-

tna analiza. Približno 35% ispitanih pacijenata je pokazalo 

dobru komplijansu: redovno je vežbalo, nisu bili pušači naj-

manje pet godina i pridržavali su se dijete za hipertenziju. 

35,6% pacijenata je redovno vežbalo, 39,5% se pridržavalo 

dijete za hipertenzivne pacijente, dok je 23,4% pacijenata 

koristilo cigarete. Multivarijantnom logističkom regresijom 

je pokazano da su savetovanje o zdravim životnim navika-

ma od strane lekara i niži obrazovni status pacijenata pre-

diktori dobre komplijanse kada su u pitanju zdrave životne 

navike. U cilju većeg pridržavanja zdravim životnim navi-

kama starijih pacijenata obolelih od hipertenzije potrebno je 

jačanje odnosa pacijent-lekar putem napora da se unapredi 

komunikacija što može biti strategija koja dovodi do većeg 

angažovanja pacijenata na polju zdravih životnih navika 

Taj napredak bi mogao biti postignut edukovanjem kako le-

kara tako i pacijenata. 

Ključne reči: hipertenzija, stariji pacijenti, pridržavanje 

zdravim životnim navikama
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INTRODUCTION

Hypertension is one of the most common illnesses 

among adults. The national health survey conducted 

by Institute of Public Health of Serbia „Dr Milan Jova-

novic Batut“, in 2006th, estimated that 77.2% of popula-

tion aged over 65 years and 75.7% over 75 years of age 

had increased systolic blood pressure (1). The non-

pharmacological treatment such as life style modifica-

tions that include diet, body weight reduction, smoking 

cessation and regular physical activity in combination 

with medical therapy are very effective measures for 

optimum treatment of hypertension. According to the 

latest Guidelines for the management of arterial hyper-

tension of the European Society of Hypertension (ESH) 

and of the European Society of Cardiology (ESC) life-

style behaviors that reduce blood pressure are: salt re-

striction, high consumption of fruits and vegetables, 

low-fat diet, regular physical exercise and weight reduc-

tion (2). Moreover, according to behavioral model, even 

the most effective therapy will not ensure acceptable re-

sults of treatment if a patient is not motivated to adopt 

physician-recommended healthy lifestyle modifications 

and medication adherence for hypertension control (3). 

However, patients’ compliance with both part of the 

treatment is usually low, and that could be a main reason 

for only one third of patients having their blood pressure 

controlled (4).

The elderly patients with hypertension are highly 

specific in regard to their behavior and adherence to an-

tihypertensive treatment. A far more disturbing finding 

is that the control of hypertension and compliance to 

the healthy lifestyles in older patients is far worse than 

that achieved in the hypertensive patients of other age 

groups. Elderly hypertensive patients require better life 

quality control even more than the other patients since 

they retained harmful lifestyles behaviors such as physi-

cal inactivity and non-antihypertensive diet, while smok-

ing cessation was accepted (5). On the other hand, the 

age is not significant predictor of adherence to physical 

exercise, while the exercise duration correlates well with 

the percentage of adherence (6). In addition, self-care 

ability of hypertensive patients is important factor in the 

control of hypertension that is most often impaired in 

the elderly (7). The adequate knowledge of a healthy life 

styles and proper skills of patients are also necessary for 

positive influence of the adherence to good quality of 

life (8, 9). However, the other potential factors that may 

influence the adherence to healthy lifestyle in elderly 

have not yet been investigated. 

The aim of this study was to investigate the adherence 

to healthy life style behaviors in older hypertensive patients 

and the factors associated with adherence, such as those 

that are patient’s related including demographic factors, 

general behavior and beliefs and physician’s related includ-

ing counseling by physicians about healthy lifestyle and self 

– management of hypertension.

PATIENTS AND METHODS

The study was conducted at Health Care Center of Kra-

gujevac, in November 2015. year and it included only the 

urban population of hypertensive patients. The study was 

approved by the Ethics Committee of Health Center Kra-

gujevac and was done and in accordance with the Helsinki 

Declaration.

The inclusion criteria of patients were as followed: 

above 65 years of age and diagnosed with hypertension 5 

years ago or more, while the exclusion criteria were: the 

patient’s refusing to participate in the study, the patient’s 

acute condition visiting the Health Care Center at the mo-

ment of the investigation performed and the patient’s de-

mentia (as diagnosed by psychiatrist or neurologist).

Those patients that fulfilled the inclusion criteria were 

enlisted with for the encounter with the physician every day 

with the assigned number starting from number one to the 

maximum count of patients for that day. Then, applying the 

random number generation function from Microsoft Excel 

computer program, a sample of 1 out of 10 of the number of 

patients for that day was randomly selected for the partici-

pation in the study. These patients were provided with the 

structured questionnaire that included questions about their 

sociodemographic and medical characteristics, lifestyle be-

haviors, knowledge and beliefs about hypertension and 

its management, and about received counseling regarding 

their lifestyle and self-management (with questions shown 

in Table 1-3). The same questionnaire was already used in 

previous study regarding the analysis of the implementation 

of the hypertension and diabetes guidelines in the primary 

care (10). For the illiterate patients, the questionnaire was 

filled by an investigator, on the basis of oral responses re-

ceived by the patients.

The study’s outcome variable was the patient’s reported 

adherence to the healthy lifestyle behavior. The patients 

were asked about implementing the following elements 

of the healthy lifestyle: the hypertension diet (limited salt 

consumption, calorie limitation), the physical activity (at 

least half an hour daily exercise), and the smoking cessa-

tion (at least for the past 5 years if they were previously 

smokers). The patients who reported the adherence to all 

of the elements of the healthy lifestyle were designated as 

the “highly adherent”, and the rest of the patients were des-

ignated as the “low adherent”. 

The independent variables of the study were: the de-

mographic characteristics (age, gender, education, family 

status), the body mass index, the blood pressure level-mea-

sured by a health worker during the actual visit, the blood 

pressure control ( i.e. for the question ‘is your BP controlled’ 

from the questionnaire –the ‘yes’ response was assigned to 

the patients whose BP was mostly below 140 mmHg for 

systolic and 90 mmHg for diastolic, and never exceeded BP 

of 160/95 mmHg; the response ‘sometimes’ was assigned 

to those with BP that exceeded 160/95 mmHg, 1-2 times 

monthly, and the response ‘no’ was assigned to the patients 

with BP higher than 140/90 mmHg generally), regularity 
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of medication (whether the patient take all the prescribed 

medications regularly), the received counseling regard-

ing healthy lifestyle and self-management (the content of 

this variable is shown in Table 3), the knowledge about hy-

pertension, beliefs about hypertension management, and 

perceived responsibility for the hypertension management 

(the contents of the last three variables are shown in Table 

2). If the patient answered yes on all questions regarding 

lifestyle and self-management counseling by physician, 

than patient’s received counseling about lifestyle and self-

care management was mark as high. The knowledge of 

those who answered correctly on all the statements about 

hypertension (section Knowledge in Table 2) was marked as 

high and the others’ as low. If all patient’s beliefs about the 

hypertension management were constructive (section Be-

liefs in Table 2) than those beliefs were marked as high, and 

if that was not the case – beliefs were marked as low. The 

characteristic number of patients

  362 (100)*

Gender

Male 156 (43)

Female 206 (57)

Family status          

Married/living with partner       231 (63.7)

Divorced/separated         6 (1.4)

Widowed           120 (33.2)

Single           5 (1.7)

Education (years of education)

without education 34 (9.4)

up to 4 yrs 43 (11.9)

5-8 yrs 112 (30.9)

9-12 yrs 130 (35.9)

13+ 43 (11.9)

BMI            

Normal           143 (39.5)

Overweight         160 (44.2)

Obese           59 (16.3)

Systolic and diastolic blood pressure 

when last checked

Healthy, below 140/90 178 (49.2)

140/90-159/99 131 (36.1)

160/99-179/109 30 (8.2)

Over 180/110 13 (3.5)

Is your blood pressure controled?      

Yes           208 (57.5)

Sometimes         75 (20.7)

No           79 (21.8)

Table 1. Sociodemographic and medical characteristics of patients

* the number in parenthesis is the percentage of respodents with valid 

answer for each fi eld

Lifestyle behavior

Do you exercise regularly (at least half an hour daily)?

Yes 129 (35.6)*

No  233 (64.4)

Do you smoke and have you ever in the past?

I smoke 85 (23.4)

I used to smoke 118 (32.6)

I have never smoked 159 (44.0)

Do you follow a special diet for your hypertension

(low calorie, low fat, salt-free)?

Yes 143 (39.5)

Sometimes 55 (15.2)

No 164 (45.3)

Level of adherence to healthy lifestyle

(regurarly exercise, do not smoke and follow diet)

High 126 (34.8)

Low 236 (65.2)

Knowledge

Unbalanced blood pressure can damage bloood vesels

and lead to heart attaccks and strokes

true  320 (88.4)

false  6 (1.6)

Do not know 36 (10.0)

Being overweight aff ect blood pressure

true 280 (77.4)

false 31 (8.5)

Do not know 51 (14.1)

Salt consumption raises blood pressure

true 322 (88.9)

false 4 (1.1)

Do not know 36 (10.0)

Physical exercise helps reduce blood pressure

true 226 (62.4)

false 25 (6.9)

Do not know 111 (30.7)

Medication is all that is needed to treat hypertension

true 106 (29.3)

false 172 (47.5)

Do not know 84 (23.2)

Beliefs

I believe that medication to reduce hypertension will help 

me feel better

Agree 307 (84.0)

Do not entirely agree 27 (7.4)

Disagree 9 (2.4)

Do not know 19 (5.2)

I believe that a diet to reduce hypertension will help me 

feel better

Agree 247 (68.2)

Do not entirely agree  11 (3.0)

Disagree 39 (10.8)

Do not know 65 (18.0)

A hypertension patient has to be treated constantly, whether or not his/her 

health improves

Agree 223 (61.6)

Do not entirely agree 22 (6.1)

Disagree 64 (17.7)

Do not know 53 (14.6)

I believe that is possible to control my blood pressure

Agree 291 (80.4)

Do not entirely agree 31 (8.6)

Disagree 12 (3.3)

Do not know 28 (7.7)

Who is responsible for ensuring your blood pressure is 

balanced?

Full/main responsibility is with the doctor and/or nurse 121 (33.5)

Full/main responsibility is with the patient 241 (66.5)

Table 2. Patients reported health behaviors, knowledge and beliefs about 

hypertension and its management 

* the number in parenthesis is the percentage of respodents with valid 

answer for each fi eld
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normal range for BMI was 18.50 - 24.99, for the overweight 

25.00 - 29.99 and for the obese BMI were 30 or more.

The raw data were processed by the descriptive statis-

tics, with the percentages of patients having certain value of 

the variables. The influence of the following variables of the 

study including gender, education, family status, perceived 

responsibility on hypertension management, beliefs about 

hypertension management, knowledge about hypertension 

and received counseling by medical team on the study out-

come (adherence or non-adherence) was tested by the uni-

variate logistic regression, and the crude odds ratios were 

obtained. Furthermore, all the variables tested with univari-

ate analysis were entered into the multivariate logistic re-

gression, and the adjusted odds ratios were obtained.

The level of significance for the acceptance of a null hy-

pothesis was p< 0.05. All calculations were performed by the 

statistical software SPSS Version 18.0 (SPSS, Chicago, IL).

RESULTS

This study involved the random sample of 362 outpa-

tients of a total cohort of 3470 elderly hypertensive pa-

tients. Twenty two patients refused to participate in the 

study. The mean age of the studied population was 71.9 

years. Demographic characteristics of the study group are 

presented in Table 1. The facts related to patients’ general 

lifestyle behavior, their knowledge about hypertension and 

beliefs about hypertension and its management are sum-

marized in Table 2. The information concerning the re-

ceived counseling about lifestyle and self-management by 

medical staff is shown in Table 3. 

The variables such as lack of education and high score 

in reported counseling by the primary care physician on 

healthy lifestyle behavior predicted high scores of adher-

ence to healthy lifestyle behavior (odds ratio 0.31, p<0.05; 

29.58, p<0.05, respectively). The other variables (gender, 

family status, perceived responsibility on hypertension 

management, and beliefs and knowledge about hyperten-

sion) did not have statistically significant impact on the ad-

herence to healthy lifestyle (Table 4).

DISCUSSION

The results of our study confirmed the well-known fact 

that adherence of hypertensive patients to healthy lifestyle 

in is far from optimal (10). According to the data obtained 

by “The Seventh Report of the Joint National Committee 

on Prevention, Detection, Evaluation, and Treatment of 

High Blood Pressure” suggesting that only one third of hy-

pertensive patients had well controlled blood pressure (5), 

at least a part of this problem could have been assigned to 

the low adherence to healthy lifestyle. Study conducted in 

Poland also proved that implementation of non-pharma-

cological treatment among hypertensive patients is at very 

OR(crude) CI 95% OR adjusted CI 95%

Gender (male) 0.58* 0.37-0.90 0.62 0.35-1.08

Education (up to 8 years) 1.349 0.87-2.08 0.23* 0.10-0.52

Family status (married) 0.97 0.62-1.53 0.57 0.31-1.04

Perceived responsibility (of medical team) 0.71 0.44-1.13 0.73 0.38-1.42

Constructive beliefs about HTA (high) 2.38* 1.34-4.22 1.70 0.82-3.50

Knowledge about HTA (high) 1.22 0.67-2.20 1.09 0.46-2.57

Counseling (high) 16.74* 9.64-29.01 34.89* 16.06-75.82

Table 4. Multivariate logistic regression: predictors of healthy lifestyle behavior

p<0.05*

Hosmer and Lemshow test chi-square 2.92, p=0.94

Counseling by medical staff number of patients

Lifestyle counseling

Current physician recommended physical activity

Yes  105 (29.0)*

Current physician discussed smoking cessation (current smokers only)

Yes  35 (41.2)

Current physician discussed the need for suitable diet-what you may 

and may not eat

Yes  198 (54.7)

Current physician discussed your desirable weight

Yes  173 (47.8)

Self-management counseling

Current physician explained the risks and complications of high blood 

pressure

Yes  183  (50.5)

Current physician explained how to measure blood pressure by 

yourself

Yes  177  (48.9)

Current physician explained about signs for deterioration

Yes  104  (28.7)

Table 3. Patients’ reports on received counseling regarding

lifestyle and self-management

* the number in parenthesis is the percentage of respondents with valid 

answer for each fi eld
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low level (11). Research on Korean hypertensive patients 

demonstrated that awareness of hypertension is increas-

ing, but that did not lead to better adherence to healthy 

lifestyle (12). 

Recent study showed that the intensive antihyperten-

sive medical treatment combined with the lifestyle modi-

fication led to the better blood pressure control of hyper-

tensive patients including the elderly (10). Apart from the 

factors linked to the patient itself that may influence ad-

herence to either medication or healthy lifestyle (11) in-

cluding depression, low social support and low quality of 

life, knowledge, beliefs and attitudes towards the hyperten-

sion, the patients counseling by their physicians also plays 

a key role in managing the hypertension. The results of 

our study demonstrated that only a third to no less than 

a half of hypertensive patients has been advised by their 

physician about the appropriate diet, physical activity and 

smoking cessation that were an obligatory part of a treat-

ment. In addition, the counseling by the other health work-

ers including pharmacists also plays an important role in 

medical adherence as well as in the adherence to lifestyle 

behavior (12, 13). Among the reasons for the low coun-

seling rates by physicians could be assigned to their poor 

and/or inadequate knowledge regarding the hypertension 

and hypertension guidelines (14) and the short period of 

time allowed for the physician-patient encounter since 

the proper physicians counseling required more time (15, 

16). Therefore, in order to improve their own counseling 

skills, the physicians need to be properly trained and to be 

more persistent and convincing in advising the hyperten-

sive patients about the necessity of a lifestyle modification, 

since only a few hypertensive patients remembered being 

advised (17). Concerning the older hypertensive patients, 

there is the clinical inertia among the physicians which 

contributes to the inappropriate treatment of the elderly 

(18). In addition, the self-care ability which is more often 

reduced in some of the older patients impairs their compli-

ance with the healthy lifestyle behavior, and makes their 

blood pressure being harder to control (6). 

The older patients are generally less educated com-

pared to the rest of the population, and therefore with 

lower health literacy. It has already been shown that the 

less educated patients were less aware of the effects of a 

lifestyle on health (19). Such patients have reduced abil-

ity to remember instructions received from the physician 

and also difficulty to recall information (20). The health 

care workers, both physicians and nurses should try to 

communicate more effectively with the patients using 

simple language and providing them with the informa-

tion that would be understood by everyone around them. 

However, paradoxically, in our study the less educated el-

derly patients were more adherent to the healthy lifestyle 

than those with more education suggesting that the one 

of the reasons for the better adherence could be a higher 

submissiveness of less educated patients to the “orders” 

received from the physicians in a country with the au-

thoritarian social structure (21, 22).

Considering that the received lifestyle counseling 

could be a good predictor of a healthy lifestyle behavior 

that was demonstrated in our and previous study (9), 

it could be concluded that the improving the commu-

nication skills between the physician and the patients 

is required to achieve the improvement in patient’s ad-

herence to the recommended lifestyle as well as to the 

prescribed medication. 

It is important to note that this study was limited by 

several factors. Firstly, it was based on the patients self-

report about their lifestyle behavior and received coun-

seling by physician; therefore the patient’s tendency to be 

“socially desirable” could be one of the reasons for the in-

correct (untruthful) answers on some of the questions. On 

the other hand, only the patients are able to provide the 

information regarding their lifestyle behaviors and physi-

cian’s lifestyle counseling. Secondly, making the conclu-

sion about the cause and the effects is impossible due to 

the cross-sectional nature of the study design. Our results 

could only reveal the possible relationship between the 

lifestyle behaviors and the independent variables in the 

multivariate regression model. In addition, another limita-

tion factor of this study is the fact that the depression was 

not considered as a possible factor affecting the adherence 

to the patient’s life-style modification.

CONCLUSIONS

Our study showed that counseling of the older hy-

pertensive patients about a healthy lifestyle and self-care 

by their physician helped them modifying and keeping a 

healthy lifestyle. Furthermore, this study demonstrated 

that the counseling rates by physicians were low, suggest-

ing the requirements of the improvement of the commu-

nication skills between patients and physicians. Following 

the appropriate communication training skills, the physi-

cians would be able to counsel their patients more effec-

tively and their efforts would result in the improvement of 

patients’ adherence to healthy lifestyle. Moreover, it is also 

very important to involve patient’s relatives in his or her 

everyday activities, especially for the patients who suffer 

from dementia and depression since they require the ev-

eryday family support regarding taking their medication, 

proper diet and physical exercise. Last, but not the least, 

the role of the nursesis substantial through the different 

supporting programs such as patients’ clubs. Local media, 

in cooperation with medical authorities, could also take re-

sponsibility for the education of the patients and contrib-

ute to their healthy lifestyle.
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ABSTRACT 

Radiotherapy is a frequently prescribed and highly eff ec-
tive form of treatment of oncology patients. However, many 
patients feel rational or irrational fear of the application of 
radiotherapy, which may provoke mental and physical stress, 
anxiety, growing anger and hostility, thus reducing quality 
of life. Th e aim of this study was to develop, reliability test 
and validate a questionnaire for assessing the level of fear of 
radiotherapy in oncology patients.

We performed a prospective qualitative study based on 
the development, validation and reliability testing of the 
questionnaire developed for assessing radiotherapy-caused 
fear in oncology patients treated in the Centre for Oncology 
and Radiology, Department of Radiotherapy, Clinical Centre 
Kragujevac.

Th e study included 154 patients and the fi nal version of 
the questionnaire integrated 15 questions. After the elimina-
tion of inappropriate questions the Cronbach coeffi  cient α 
was 0.946. Th e questionnaire consists of two factors which 
represent 57.423% and 6.925%, making a total of 64.348% of 
the variance of the questionnaire.

Th e results of our study show that the questionnaire used 
is a unique, reliable and valid instrument for assessing the 
level of fear of radiotherapy in oncology patients the applica-
tion of which will allow us to identify patients with elevated 
levels of fear of radiotherapy.

Keywords: radiotherapy, fear, oncology patients

A QUESTIONNAIRE FOR ASSESSING FEAR OF RADIOTHERAPY 
IN ONCOLOGY PATIENTS

Marija Zivkovic Radojevic1, Marko Folic1, 2, Slobodan Jankovic1, 2

1 Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
2 Clinical Pharmacology Department, Clinical Centre Kragujevac, Kragujevac, Serbia

 

UPITNIK ZA PROCENU NIVOA STRAHA OD RADIOTERAPIJE
KOD ONKOLOŠKIH PACIJENATA

Marija Živković Radojević1, Marko Folić1, 2, Slobodan Jankovic1, 2

1Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija
2Služba za kliničku farmakologiju, Klinički centar Kragujevac, Kragujevac, Srbija

Th e study was conducted in Clinical Centre Kragujevac in the Centre for Oncology and Radiology, Department of radiotherapy.

Received / Primljen: 24. 05. 2016. Accepted / Prihvaćen: 30. 10. 2016. 

SAŽETAK

Radioterapija je često propisivan i veoma efi kasan vid 
lečenja onkoloških pacijenata. Međutim, mnogi pacijenti 
osećaju kako racionalan, tako i iracionalan strah od prime-
ne radioterapije, što može potencirati psihički i fi zički stres, 
anksioznost, razvoj ljutnje, neprijateljski stav, i na taj način 
dodatno smanjiti kvalitet života. Cilj ovog istraživanja bazi-
rao se na izradi, ispitivanju pouzdanosti i validaciji upitni-
ka za procenu nivoa straha od radioterapije kod onkoloških 
pacijenata.

Sprovedena je prospektivna, kvalitativna studija uteme-
ljena na izradi, proveri pouzdanosti i validaciji upitnika za 
procenu nivoa straha od radioterapije kod onkoloških paci-
jenata lečenih na Odeljenju radioterapije Centra za onkolo-
giju i radiologiju Kliničkog centra Kragujevac.

U istraživanju je učestvovalo 154 ispitanika, a fi nalna ver-
zija upitnika obuhvatala je ukupno 15 pitanja. Cronbachov 
koefi cijent α, nakon eliminacije neadekvatnih pitanja, iznosio 
je 0,946. Upitnik je integrisao dva faktora koji su predstavljali 
57,423% i 6,925%, čineći ukupno 64,348% varijanse upitnika.

Rezultati našeg istraživanja su pokazali da se korišćeni 
upitnik može smatrati jedinstvenim, pouzdanim i validnim 
instrumentom za merenje nivoa straha od radioterapije kod 
onkoloških pacijenata, i da se njegovom primenom na rele-
vantan način mogu identifi kovati pacijenti sa prisutnim po-
višenim stepenom straha od radioterapije.

Ključne reči: radioterapija, strah, onkološki pacijenti

ABBREVIATIONS

OP- oncology patients

QAFRT- questionnaire for assessment fear of radiotherapy 

RT- radiotherapy

VAS- visual analogue scale
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INTRODUCTION

Radiotherapy (RT) is a frequently prescribed and highly 

effective form of treatment of oncology patients (OPs). It 

may be curative or palliative. The aim of implementation of 

RT is based on the local effect on malignant cells, with the 

maximum preservation of the surrounding normal tissue. 

Although the aforementioned type of therapy is associated 

with a number of useful aspects of implementation and 

positive impacts on the health, many patients feel rational 

or irrational fear of the application of RT. Bad and unpleas-

ant experiences associated with other oncology therapeu-

tic options, such as chemotherapy and surgery, often lead 

to refusals to start or cancellations of RT treatment (1).

Radiotherapy may initiate mental and physical stress, 

anxiety, growing anger and hostility, and reduce quality of 

life (1-5). Moreover, changes in mental state can affect the 

course of the disease, and mental and physical status (1, 

4-8). Oncology patients are characterized by a higher level 

of anxiety than patients with other diseases (1). Anxiety 

represents a specific mental state of increased vigilance 

and prudence in anticipation of unpleasant events without 

the presence of real danger (9). Some OPs, treated with RT, 

however, experience serious psychological reactions that 

may manifest as fear of RT, and which may significantly 

affect compliance. Fear is a response to real dangerous 

events and can be manifested by defensive reactions: fight, 

flight or “freezing” (9).

Many patients think that their pathology is character-

ized by a poor prognosis, because RT is indicated, and very 

often take the attitude that RT treatment is vain in their 

case (2). Although the effects of radiation during treatment 

cannot be felt, most patients have somatization symptoms 

of psychological discomfort caused by fear. It is interest-

ing to note that those patients who showed a lower level of 

anxiety before exposure to RT are characterized by greater 

anxiety during and/or after RT, and vice versa (1). Patients 

are mostly concerned about the potential impact of RT on 

family life and work obligations, the occurrence of new 

cancers, reducing libido, sterility, the occurrence of burns, 

pain and scarring, etc. (10). Increases in the level of anxi-

ety, discomfort and an intensification of thinking about the 

disease may be brought about by the treatment; the closed 

steel door in the room for radiation, the lack of windows, 

isolation during the radiation procedure and the size of the 

RT device (1, 2, 11, 12). It can be assumed that the anxi-

ety and fear before treatment are uncertainty conditioned, 

while anxiety and fear during and after RT treatment are 

associated with concern about developing side-effects of 

the treatment and the possibility that they have exhausted 

all treatment options. Radiotherapy is easier to accept and 

tolerate for patients who regularly visit radiotherapists, 

those who possess a higher level of knowledge about RT, 

than patients who receive palliative therapy and those with 

a better “performance” status (6, 7, 13-15).

 A relatively small number of studies have addressed 

this issue. Analysis of the level of RT-caused anxiety in OPs 

is offered in earlier studies based on structured interviews 

with a psychiatrist, using the Mental Component Summa-

ry Scale, the Center for Epidemiologic Studies Depression 

Scale, the Spielberger State-Trait Anxiety Inventory, the 

Anxiety subscale of the Hospital Anxiety and Depression 

scale and other relevant scales dealing with quality of life 

assessment among OPs facing RT (1-8, 11, 13-16). A de-

tailed analysis showed that only one study examined the 

level of fear of RT based on interviews that processes fear 

of RT and how to deal with the fear of RT (15).

Creating an adequate questionnaire to assess the level 

of fear of RT would be of great practical importance both 

in terms of early identification of patients with high levels 

of fear of RT, and in the strategic planning and timely ap-

plication of preventive measures in the field of professional 

psychological support before starting RT with the aim of 

reducing the fear of RT in OPs. The aim of this study was 

development, reliability testing and validation of a ques-

tionnaire for assessing the level of fear of RT among OPs.

MATERIALS AND METHODS

We performed a prospective qualitative study based 

on the development, validation and reliability testing of 

the questionnaire for assessing RT-caused fear (QAFRT) 

in OPs. The study lasted 4 months, or until there was an 

adequate number of respondents. The research was con-

ducted at the Centre for Oncology and Radiology, Clini-

cal Centre Kragujevac, Department of Radiotherapy with 

the prior approval of the Ethics Committee Clinical Centre 

Kragujevac.

Population

The study included all OPs with histopathologically 

confirmed cancer of any localization and staging of the 

disease, for whom RT was indicated for the first time and 

who had been notified and signed an informed consent to 

participation.

Criteria for inclusion in the study were: patients aged 

from 18 to 65 years, patients from Serbian-speaking ar-

eas, any stage or localization of histologically verified car-

cinoma, the first time determined treatment of RT. The 

study included all patients who had voluntarily agreed to 

participate in the study, who had started treatment RT or 

applied RT, while radiation therapy was in progress and 

had completed at least one therapy session, whether as an 

out-patient or during hospitalization, regardless of wheth-

er the radiotherapy was curative or palliative. The criteria 

for exclusion from the study were: minors and mentally ill 

patients who were unable to understand the content of the 

questionnaire adequately.

The variables that were monitored in the study were 

gender, age, marital status, with whom the patient lives, 

residence, education, and religiosity. Data related to the 

disease were obtained by examining the medical records: 

type of tumor, applied modalities of treatment, comor-
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of the disease. The questionnaire is intended for use as a val-

id instrument for the identification of patients with a high 

level of fear of RT. Given that in this category of patients 

fear can be further provoked by other conditions, diseases 

and treatment options, the results obtained should be evalu-

ated taking into consideration the overall health status of the 

ОP. Patients who show a high level of fear of RT should be 

referred to a psychologist or psychiatrist, to determine the 

origin of the fear, prevent serious health consequences and 

improve the relationship with the patient.

Reliability and validity of the questionnaire

The internal and external reliability of the question-

naire were tested. The internal consistency all the offered 

questions was tested and Cronbach α QAFRT’s in OPs. 

Cronbach α may range from 0 to 1 and indicates which 

answers are consistent to the questions. Account was taken 

only of Cronbach α values above 0.7.

Factor analysis was conducted to assess the validity of 

the content of the questionnaire. The validity of the struc-

ture and criterion validity were investigated by testing of the 

relationship QAFRT and VAS scale. Temporal stability was 

obtained by comparing answers to the questions of QA-FRT 

after the first and fifth sessions of RT, or after seven days.

Statistics

Methods of descriptive statistics were used for socio-

demographic and medical records (mean and a standard 

deviation). Data with normal distribution were analyzed by 

the parameter Student’s T test, while for the data without 

a normal distribution we used the nonparametric Man-

Whitney U test. To investigate the frequency of qualitative 

variables the χ2 test was used. Spearman’s coefficient cor-

relations were used to determine the reliability of the ques-

tionnaire and its temporal stability. For statistical analysis 

we used SPSS software, version 18 (Chicago, IL, USA). The 

difference was considered significant if the probability of 

the null hypothesis was below 0.05.

RESULTS

The study included 154 patients, of which 50% were men 

and 50% women. Thirty-two subjects were excluded from the 

study pursuant to study protocol violations. The average age 

of respondents was 62.85 ± 11.26 years and the average dura-

tion of education 10.05 ± 3.84 years. About 55% of patients 

had experienced chemotherapy, while 68.2% of patients had 

undergone surgery. Curative radiotherapy was conducted in 

79.9% patients while for 20.1% of patients the radiotherapy 

was palliative. Only 30.5% of patients received an explanation 

from radiotherapists about the therapeutic procedure.

The questionnaire for evaluation of levels of fear of RT 

initially consisted of 31 items. The answers were coded 

from 0 to 4. The final version of the questionnaire has in-

tegrated 15 questions. The total score of answers on ques-

tions ranging from 0-60.

bidities, type of radiotherapy (curative or palliative), ra-

diotherapy techniques (transcutaneous or intracavitary 

brachytherapy), localization of the radiation field, the 

number of radiation fields, the radiation dose, the num-

ber of fractions, whether a mask for the head or neck were 

used, whether there was an explanation of the procedure 

of radiation, and verbal or written information provided by 

the radiotherapists.

Power of the study

It was envisaged that the power of the study would be 

80%, based on the probability that there would be a sta-

tistical error of type 1 (α) of 0.05. In accordance with the 

formula for calculating the sample size when searching 

the mean value of a continuous variable in the population, 

with relevant, literature-based standard deviation mea-

surements ± SD = 0.94 and confidence interval width d= 

± 0.3, it was determined that the research would require a 

minimum of 150 patients (17).

Test procedure

The decision for treatment with RT was made exclu-

sively by the Council of Oncology. The questionnaire for 

assessing the level of fear of radiotherapy in OPs and the 

visual analogue scale (VAS 0-100) were completed inde-

pendently by the patients after the first session, in the pres-

ence of the researcher, and after the fifth session of RT they 

were filled out by the researcher who asked the patient 

questions. The process of completing the questionnaire 

had previously been explained to all the patients.

Creating the questionnaire

The questionnaire for assessment of fear of radiation 

therapy in OPs consists of three parts. The first part contains 

questions related to socio-demographic characteristics. The 

second part contains information related to the disease. The 

third part of the questionnaire is related to the patient’s fear 

of RT. Every question, from the last part, has five possible 

answers according to the Likert scale. The questions were 

designed based on a review of available literature dealing 

with this issue and after consultation with the two psychia-

trists, seven radiotherapists, two clinical pharmacologists 

and five senior radiology technicians employed at the Clini-

cal Centre in Kragujevac. The final version of the questions 

was submitted for consideration to Professor Goran Miha-

jlovic, a psychiatrist employed at the Clinical Centre in Kra-

gujevac. After obtaining his expert opinion, the final correc-

tions to the questions were made. The questions were listed 

on the basis of random selection. The last two were trick so-

cially desirable questions. The questionnaire was designed 

to measure the level of fear in patients after the application 

of RT. The questionnaire was intended to measure fear of 

radiation therapy in general. The questions included various 

aspects of fear of radiation, such as fear of potential side ef-

fects after RT exposure, fear of the procedure itself, as well 

as the possible implications of the type of treatment on the 

life of the patient after completion of the RT and the course 
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Table 1. Mean, standard deviation, skewness, kurtosis and Pearson cor-

relation the questions that make up the fi nal version of the questionnaire

Number 
of issues

Mean Standard 
devia-
tion

Skew-
ness

Kurtosis Pearson
correla-

tion

1. 1.45 1.097 0.390 -0.563 0.733

2. 1.62 1.198 0.457 -0.654 0.535

3. 1.21 1.226 0.790 -0.360 0.635

4. 1.74 1.204 0.423 -0.749 0.695

5. 1.46 1.138 0.555 -0.457 0.693

6. 1.28 1.152 0.657 -0.427 0.648

7. 1.47 1.216 0.569 -0.630 0.612

8. 1.12 1.268 0.869 -0.453 0.468

9. 1.50 1.222 0.553 -0.559 0.773

10. 0.97 1.207 1.080 0.115 0.439

11. 1.62 1.126 0.480 -0.528 0.623

12. 1.23 1.158 0.697 -0.469 0.536

13. 1.63 1.242 0.425 -0.755 0.714

14. 1.10 1.274 0.860 -0.422 0.494

15. 1.14 1.253 0.830 -0.450 0.561

Grafi c 1. Scree plot

A correlation matrix was created to determine an ad-

equate connection between the questions. The candidates 

for elimination were questions whose value correlation 

coefficient was below 0.2. It was found that two questions 

correlated poorly with other matters and were eliminated. 

The remaining questions correlated appropriately. 

The majority of answers to the questionnaire mean val-

ue ranged from almost 1 to 1.7 (Table 1). Questions with 

a low standard deviation, and questions that correlated 

poorly with the rest of those with similar content, were 

eliminated from the questionnaire.

The most important factor for assessing the reliability 

of the questionnaire as a whole, the coefficient Cronbach α 

stood at 0.955. After the elimination of inappropriate ques-

tions this was 0.946.

In order to calculate external reliability, the question-

naire was randomly divided into two parts following the 

Split-Half models. The value of the Cronbach coefficient 

for the first part was 0.910 and 0.884 for the second. The 

coefficients of both parts of the questionnaire amounted 

to over 0.7 and have a good overall correlation, which con-

tributes to the reliability and integrity of the questionnaire. 

Predictor reliability, based on the value of the Cronbach 

coefficient for both parts of the questionnaire, obtained 

with the help of Spear-man Brown formula, was 0.966.

The correlation of each question with others, was ana-

lyzed with the Spearman’s coefficient correlation. We set 

aside two questions that have a value of less than 0.3.

We conducted a factor analysis to determine how many 

factors were included in the new questionnaire. The Kai-

ser-Meyer-Olkin test and Bartlett’s test of sphericity were 

determined to be the most appropriate for factor analysis. 

The values were above 0.5 or 0.932. It was found that the 

factor analysis can explore the structure of the question-

naire. The value of χ2 test amounted to 1584.386 (r=0.000).

Given that the eigenvalue was above 1, the question-

naire consists of two factors which represented 57.423% 

and 6.925%, making a total of 64.348% of the variance of 

the questionnaire. The Graphic 1 - Scree plot shows a clear 

point of fracture after the second factor. For the first eigen-

value, the factor value was 5.390, the percentage of vari-

ance 35.931%, and the cumulative percentage of variance 

35.931% after Varimax rotation. While the other factor ei-

genvalue value was 4.263 and the percentage of variance 

28.417%, the cumulative percentage of variance amounts 

to 64.349%.

Component

Number of question 1 2

P1 0.693 0.480

P2 0.180 0.830

P3 0.770 0.340

P4 0.275 0.801

P5 0.708 0.461

P6 0.756 0.329

P7 0.550 0.523

P8 0.299 0.718

P9 0.545 0.653

P10 0.712 0.115

P11 0.645 0.416

P12 0.587 0.488

P13 0.470 0.673

P14 0.713 0.222

P15 0.672 0.353

Таble 2. Rotated Component Matrix
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Temporal stability was tested by correlating the to-

tal score responses from QAFRT after the first and fifth 

session of radiotherapy. Retest after the fifth session of 

radio-therapy was undertaken by 86 patients. A high cor-

relation between QAFRT scores was determined (r=0.925, 

p=0.000), which indicates good temporal stability.

DISCUSSION

The results of the study confirm that the QAFRT in OPs 

is a reliable and valid instrument for measuring the level of 

fear of RT. The questionnaire consists of 15 questions and 

has a good coexistence of internal structure which is sum-

marized in two factors. The identified factors were: “fear 

related to the attitude of family and friends and the con-

tinuation of life after irradiation’’, and “fear factor related 

to the prognosis of the disease and the side effects of RT’’. 

The Cronbach coefficient α (0.946) confirmed the reliabil-

ity of the questionnaire. Since the Cronbach coefficient 

before correction issues had a high value (0.952), 16 ques-

tions with similar content and with insufficient criteria for 

questionnaire inclusion were removed. A shorter version 

of the questionnaire was then drafted with a somewhat 

lower Cronbach coefficient (0.946). The criterion valid-

ity of the questionnaire was confirmed by examination of 

convergent validity with the VAS scale. The new question-

naire has also shown exceptional temporal stability and 

test-retest reliability. In the methodological development 

of the questionnaire, participants were interviewed in two 

ways, because this was part of the validation procedure. 

The good correlation which was achieved between the two 

tests proved that the questionnaire was valid for use.

The first factor called “fear of patients related to the at-

titude of family and friends and the continuation of life af-

ter irradiation” and composed of 10 questions, confirmed 

high internal coexistence (Cronbach α 0.926). This factor 

accounted for 35.931% of the variability of the question-

naire. Questions related to the patients fear during and/

or after RT such as changing family relationships, partners 

and friends, fear connected to daily activities and life after 

completing treatment.

In the study conducted by Sundaresan and associates, 

it was observed that more than half of the patients were 

concerned about the possible impact of RT on family life, 

living and working obligations and the later effects of ra-

diation (10). Turner and contributors also confirmed that 

patients in the course of implementation of RT were con-

cerned for their family and the future (12).

The second factor “fear linked to disease prognosis and 

the adverse effects of radiation” was formed in five ques-

tions. The value of the Cronbach coefficient α for this factor 

was 0.881 and explained 64.349% of the variance. The ques-

tions included in this factor related to the fear of patients’ 

lack of necessary information about the potential adverse ef-

fects of RT, fear of disease progression and damage to other 

organs, as well as the fear of the radiation procedure itself.

Table 3. Factor and meaning, questions pertaining to factor, Cronbach α 

and the mean value of the score

Table 4. List of questions of fi nal version of Th e questionnaire for assess-

ment fear of radiotherapy in oncology patients

1.
Do you have a fear that radiation can aff ect the appearance
of a new tumor?

2.
Are you afraid that radiation therapy can damage other organs,
which are not subjected to radiotherapy?

3.
Do you have a fear that you will endanger your family because
you are in radiation therapy?

4.
Are you afraid that radiotherapy will cause burns at the site
of application of radiation?

5.
Are you afraid that radiation therapy will be hinder your every-
day activities?

6.
Do you have a fear that friends will change their relationship 
toward you because you are being treated with radiotherapy?

7.
Were you afraid when you were told that you would continue 
the treatment of radiation therapy?

8.
Do you feel disturbed while expecting the application of radio-
therapy?

9.
Are you afraid that radiation therapy can cause permanent
damage to the region of irradiation?

10.
Do you have a fear that you partner will change their relation-
ship toward you because you are being treated with radio-
therapy?

11.
Do you think more often than usual about your illness while on
radiation therapy?

12.
Do you have a fear that radiation therapy will not be eff ective 
against your illness?

13.
Do you have a fear that you have not received all the necessary
information about the potential adverse eff ects of radiotherapy?

14.
Are you afraid to handle electrical appliances, when you are in 
radiation therapy?

15.
Are you preoccupied by thinking about radiotherapy during the 
whole day?

Factor Question Cronbach
α

Median
value
score

Factor 1
Fear of patients related
to the relationship of
family and friends and the
continuation of life after
radiation

1, 3, 5, 6, 7, 
10, 11, 12, 
14, 15

0.926 12.935

Factor 2
Fear linked to
disease prognosis and adverse 
eff ects of radiation

2, 4, 8, 9, 13 0.881 7.628

Table 2 shows the questions based on the weight load 

belonging to a particular factor after rotation. Name fac-

tors with issues, Cronbach coefficient α and a median score 

are shown in Table 3. List of the questions in final version 

of the questionnaire for assessing fear of radiotherapy in 

oncology patients is shown in Table 4.

Convergent validity was investigated in the context 

of criterion validity. A high degree correlation was found 

between the VAS scale and recent responses to questions 

from the QAFRT (r=0.807, p=0.000), confirming conver-

gent validity.
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Fear in patients can be a major obstacle to the implemen-

tation of the prescribed treatment (17). Earlier studies showed 

that 10 to 20% of the patients feel anxiety before the start of 

the RT, and that 20-50% of patients are anxious during the first 

day of RT. Fear and anxiety are commonly associated with a 

lack of information, side effects of treatment and the radiation 

procedure (2, 5, 10, 17). Sehlen and contributors found that 

most patients are afraid of the possible side effects of radiation 

(18). In order to avoid additional psychological and physical 

stress, in these vulnerable categories of patients, it is neces-

sary to organize screening at the beginning of RT treatment 

that would allow identification of patients with increased risk 

of mental instability during treatment (19). The ideal would 

be to separate risk patients for radiotherapy simulation, or be-

fore starting radiation (17).

Our study had several limitations: it was conducted in a 

single centre, and the test-retest reliability assessment was 

carried out after seven days. In addition divergent stabil-

ity was not examined. The majority of respondents were 

older and less educated, so the reliability of the question-

naire should also be examined in the other categories of 

patients. Also, it was not possible to ensure the presence 

of a psychiatrist and an overview of each participant af-

ter examination or to compare his findings with the re-

sults of responses to the questionnaire. The reliability of 

the questionnaire should be examined after an extended 

time period after completion of RT treatment, and the re-

sults compared with the results of our study. It is possible 

that the level of fear in the same patient changes over time 

and decreases as the therapy nears completion. There is 

no relevant questionnaire that measures the level of fear of 

radiotherapy with which we can compare our results.

The results of our study show that the used questionnaire 

was a unique, reliable and valid instrument for assessing the 

level of fear of RT in OPs, the application of which makes it 

possible to identify patients with elevated levels of fear of 

RT. Patients with a high total score would require special at-

tention and adequate psychological or psychiatric support, 

with a maximum reduction of adverse events, allowing the 

treatment to be implemented fully and adequately.
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ABSTRACT

Th e consumption and amounts of a variety of food products 

used in a diet aff ect the incidence of anemia and diff erent levels 

of nutritional status among school-age children. Th e prevalence 

of food intake comprised of fats, carbohydrates and sodium 

(salt) is a signifi cant contributing factor to the incidence of exces-

sive weight. Apart from nutrition, a leisure-time physical activ-

ity and the time spent in front of the TV or computer may con-

tribute to an increase in anemia and obesity rates. Th e objective 

of this paper was to examine nutritional status, dietary habits 

and anemia among school-age children in the central Serbia re-

gion (the city of Kragujevac). It was established that 47.3% of 

the surveyed children fell into the normal weight group, 24.5% 

of the children are considered to be at risk of being overweight, 

21.4 % of the children are considered as obese, whereas 6.8% 

of the children fell into the under-weight group. Th e incidence 

of anemia was noted in 10.8% of the cases, whereas anemia in 

obese children was observed in 21.6% of the cases (n=114; dur-

ing the school year of 2014-2015). Th e obtained results show a 

statistically signifi cant correlation between an increase in the 

consumption of fast food and anemia in children, whereas the 

amount of time children spend in front of the TV is also associ-

ated with the higher percentage of anemia and obesity. 
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SAŽETAK

Upotreba i količina različitih vrsta namirnica u ishra-

ni utiče na pojavu anemije i različitih stanja uhranjeno-

sti kod osnovnoškolske dece. Učestalost uzimanja hrane 

koja je puna masti, ugljenih hidrata i soli značajno utiče 

na pojavu prekomerne težine. Osim navika u ishrani na 

pojavu gojaznosti utiče i stepen fizičke aktivnosti, vreme 

koje deca provedu ispred ekrana, kao i navike koje propa-

giraju u ishrani. Cilj ovog rada je bio da se proceni uče-

stalost anemije, nutritivni status i navike u ishrani dece 

iz osnovnih školi u Kragujevcu, centralnoj Srbiji. Ovim 

istraživanjem utvrđeno je da 47,3% anketirane dece spa-

da u grupu normalno uhranjene, 24,5% je predgojazno, 

21,4% ih je gojazno, a 6,8% pripada grupi pothranjene 

dece. Podaci pokazuju da se učestalost anemije među 

decom školskog uzrasta javlja u 10,8% slučajeva, dok se 

anemija kod gojazne dece pojavljuje u 21,6% slučajeva 

(n=114; period školske 2014/2015. godine). Studijom je 

utvrđena statistički značajna povezanost između pove-

ćane upotrebe brze hrane i anemije kod dece, dok je vre-

me provedeno kraj televizije povezano i sa većim procen-

tom anemije i gojaznosti.

Ključne reči: anemija, gojaznost, deca školskog uzrasta

INTRODUCTION

Bad eating habits, inadequate amounts of physical ac-

tivity and excessive media use (such as: watching televi-

sion, and viewing computer screens) may have a significant 

effect on the incidence of anemia and obesity. The most 

common cause of nutritional anemia is iron deficiency. 

Therefore, the recommended daily iron intake from foods 

is 6 mg/day in children aged 7–10 years (1). As regards the 

relationship between micronutrient deficiencies and chil-

dren’s cognitive functioning, iron deficiency have been as-

sociated not only to cognitive deficits but potential long-

term behavioral changes as well (2). Examples of bad eating 

habits are: the consumption of higher calorie-density of 

foods, eating meals in front of the TV screen, breakfast 

skipping, lack of physical activity (3, 4). Over the course 

of the past few years there has been  a trend toward  de-

creased physical activity that plays a significant role in the 
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regulation of body mass, compared with excessive energy 

intake which is a contributing factor to childhood obesity 

(5). Worldwide, there has been a startling increase in rates 

of obesity. It has an epidemic-like nature (6). Currently 10% 

of  school-age children worldwide  are overweight, one in 

four children are obese, whereas approximately two thirds 

of the USA developing population are either overweight or 

obese (3). In Europe, one in five school-age children are 

overweight (6). Nutritional deficiency disorders are associ-

ated with a variety of health problems of children, and they 

can also lead to the onset of many age-related diseases (7). 

Obesity can thereby increase the risk of the development 

of the major noncommunicable diseases such as hyperten-

sion, type 2 diabetes, coronary artery diseases and certain 

types of cancers (8). 

Numerous studies have shown that obesity might also 

increase the risk of iron deficiency (9). Despite their ex-

cessive dietary and caloric intake, obese children and ad-

olescents can be at risk of iron deficiency (ID), because 

they tend to consume unbalanced meals, particularly rich 

in carbohydrates and fat (6). Iron deficiency and ane-

mia can lead to fatigue and additionally decreased exer-

cise capacity that may create favourable  environmental 

conditions predisposing people to weight gain (10). The 

widest range of nutritional deficits includes insufficient 

dietary intake and absorption of iron. Iron deficiency (ID) 

is estimated to affect  1.5  billion people  worldwide. 10% 

of children and adolescents in the USA suffer from iron 

deficiency (11). 25.4% of school-age children worldwide 

is estimated to suffer from anemia (12). Considering the 

fact that children’s  eating patterns  and food preferences 

are  established in their early childhood, parents have a 

significant role in their development (3). Therefore, chil-

dren’s behaviour patterns directly affect not only their 

current but overall health state as well. In May 2004, the 

57th World Health Assembly (WHA) endorsed the World 

Health Organization (WHO) Global Strategy on Diet, 

Physical Activity and Health in order to enhance and sus-

tain health and encourage the implementation of action 

plans to improve diets and increase physical activity (13). 

The objectives of this paper were established in order to 

examine nutritional status, dietary habits and anemia 

prevalence among school-age children in the central Ser-

bia region (the city of Kragujevac).

MATERIALS AND METHODS

The research was carried out in the 4 elementary 

schools in the territory of the city of Kragujevac. The study 

sample consisted of 114 children (56 boys and 58 girls) at-

tending the first (55 children) and the fourth (59 children) 

grade. The participation of at least one parent/guardian of 

each student was mandatory. The research was conduct-

ed during  the  2014-2015 school year, in regular classes, 

whereas the doctors who conducted the research were 

present there as well. Respondents voluntarily participated 

in the survey. Survey respondents were assured that their 

contributions would remain anonymous. The  opportu-

nity to participate in the study was denied in the cases of 

children with incomplete medical records, which entailed 

not providing sufficient information on blood hemoglobin 

concentration. Children diagnosed with the anemia that 

was not mainly  nutritional  in  origin were also excluded 

from the current analysis.

The collected data were processed using G*Power soft-

ware, version 3.0.10., a statistical power analysis program. 

In order to ensure more precise results, the study sample 

was examined at various levels by analysing numerous pa-

rameters such as the following: the probability of Type I er-

ror (p=0.05), the power of the test (1-β) of  95% and the cor-

relation coefficient of C=0.6.

The data collection was done by combining surveys, 

anthropometric measurements and biochemical param-

eters. The survey (a questionnaire used in the survey) was 

designed in a heterogenous manner and based on open-

ended and closed-ended questions, which were arranged 

in such a manner so that the topic should be reached grad-

ually and selected according  to  their difficulty levels not 

only for parents but for their children as well. The parents 

had multiple choice questions, questions with a set of al-

ternatives or possible answers and fill-in-the-blank ques-

tions (consisting of a numeric response box adjacent to the 

test item indicating where a respondent should provide 

his/her numeric response or of a blank line where a writ-

ten response should be provided). The children involved in 

the survey participated by circling a letter adjacent to the 

answer that fitted best after reading instructions. 

Research materials included questionnaires designed 

for parents – for family nutrition assessment, and those 

designed for early elementary school students (that is, first 

graders) – for eating habits assessment. The utilized ques-

tionnaires were formal standardised questionnaires de-

signed according to the principle of the food-frequency ap-

proach, that is, food frequency questionnaires, ratified by 

the World Health Organization (WHO). A parent-based 

questionnaire consisted of 20 questions, whereas question-

naires for children included 10 simple questions. The forms 

of anthropometric measurement included children being 

properly measured for height-for-age and weight-for-age 

under adequate conditions. The obtained results were con-

verted to body mass index (BMI) and closely aligned to the 

corerresponding reference values given in the charts of the 

WHO Child Growth Standards. The children with a BMI-

for-age over the 95th percentile (age specific and gender 

specific) were considered obese; the children with a BMI-

for-age between the 85th and 95th percentiles were classi-

fied as healthy weight or at risk of overweight; the children 

with a BMI-for-age between the 10th and 25th percentiles 

were considered to have normal healthy weight; whereas 

those with a BMI-for-age less than the 5 percentile were 

considered underweight (14). Biochemical measurements 

included determination of hemoglobin concentration in 

blood as an indicator for anemia. Anemia was considered 
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to be present in school-age children in the cases when he-

moglobin concentration was less than 115 g/l (15). Hemo-

globin values were extracted from the children’s medical 

records kept at the Children’s Department of the Health 

Care Center Kragujevac. The abovementioned values were 

obtained at the regular examinations.

After data collection, the data were entered into SPSS 

software version 20.0 and were analyzed using descriptive 

and comparative analytical/statistical methods. Descriptive 

statistics included measures of central tendency and vari-

ability. The results were classified according to the ex-

pected research variables, shown in this paper through the 

following types of visuals: charts and graphs. The analyses 

on categorical variables were carried out by using χ2 - test 

and the findings were considered statistically significant at 

p<0.05.

RESULTS

The mean age of the respondents was 8.75 ± 1.58 

years. 56.9% of the children had normal weight, 20.8% of 

the children were at the risk of being overweight, 16.7% 

were classified as obese, whereas 5.6% were classified as 

underweight (Figure 1). The prevalence of anemia among 

school-age children in the total sample size was 10.8%, 

whereas 21.6% of the obese children had anemia (Figure 2).

The study showed the cause-effect relationship between 

the number of daily meals and the occurrence of anemia. 

Consequently, the occurrence of anemia was reported in 

100% of the noted cases of children having more than 5 

meals per day, whereas not a single case of anemia was 

reported in the cases of children who had only 3 meals per 

day (Figure 3).

The highest level of obesity was found in the children 

who had 4 or 5 meals during one day. The children who 

had 3 daily meals (11.6% of the sampled children) were 

most likely to be found underweight. On the other hand, 

the children having more than 5 meals during one day were 

not found to be underweight. However, the prevalence of 

nutritional deficiency disorders was not statistically signifi-

cant compared with the number of meals the children had 

on a daily basis. χ2= 2.503, DF=2, p >0.05.

The occurrence of anemia and nutritional status were 

studied concerning the variety of food included in a fam-

ily diet, methods of food preparation and eating habits                               

(Table 1).

The obtained results showed that anemia was most 

frequently present in children who had fish once a week 

(14%). The percentage of normal-weight group of chil-

dren was observed in the case of those eating fish once a 

week (55.2%), whereas the greatest percentage of those at 

the risk of being overweight (66.7%) and obese children 

(33.3%) were observed in the case of not having any fish in 

children’s diet. 

The highest percentage of the occurrence of anemia 

was observed in children not having nuts in their diet, 

whereas 50% of the sampled children who occasionally ate 

nuts were found to be obese. 

The study found the correlation between the anemia 

prevalence rates and a higher intake of sweets and snacks. 

The highest percentage of children diagnosed with anemia 

(55.2%) occasionally ate sweets and snacks, whereas 45.8% 

of the children included in the study consumed that kind 

of food every day. In the under-weight group, the highest 

percentage of the sampled children consumed sweets and 

snacks every day. 

Figure 1. Distribution of the nutritional status of the sampled children

Figure 2. Th e prevalence of anemia in children

Figure 3. Th e relationship between the anemia prevalence rates and the 

number of family meals on a daily basis
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Variables 
 The prevalence of 

anemia 
2  Nutritional status 2  

 

Number 
of 

children 

Anemia is 
present 

% 

Anemia 
is not 

present 

% 

Anemia 

 

Under-
weight 

% 

Normal- 
weight 

% 

Over-
weight 

% 

Obesity  

 

Nutritional 
status 

Fish intake consumption in 
a diet 

 
 

2-3 times a week 13 0  100 
2=1.94 

DF=3 

p>0.05 

19.4 36.4 27.3 18.2 
2= 13.45 

DF=9 

p >0.05 

once a week 22 9 91 0 55.2 22 21.6 

2-3 times a month 75 14 86 5.7 52.9 21.1 19.3 

Not eating fish 4 0 0 0 0 66.7 33.3 

The consumption of nuts in 
a diet 

 
 

Yes 100 10 90 2=16.79 

DF=2 

p<0.05 

6 52 24 18 2=2.57 

DF=6 

p >0.05 

No 3 35 65 0 75 25 0 

Sometimes 5 20 80 0 50 0 50 

Sweets and snacks 
consumption 

 
 

On a daily basis 52 16 84 2=1.08 

DF=1 

p>0.05 

10 45 21 20 2=6.74 

DF=3 

p <0.05 

Sometimes 62 10 90 3 57 23 17 

No 0 0 0 0 0 0 0 

Food preparation methods   

Frying 24 15 85 

2=16.87 

DF=3 

p<0.05 

0 53.8 25 21.2 

2= 3.82 

DF=9 

p >0.05 

Roasting 8 30 70 0 80 0 20 

Boiling 81 4 96 7.4 53.7 22.2 16.7 

Purchasing ready-cooked 

meals and fast food 
1 100 0 0 100 0 0 

Skipping a meal   

Breakfast only 30 20 80 
2=2.88 

DF=3 

p>0.05 

0 50 20 30 
2=5.26 

DF=9 

p >0.05 

Lunch only 4 0 100 0 66.7 33.3 0 

Dinner only 3 0 100 0 44.4 33.4 22.2 

No meals skipping 77 8 92 8 60 18 14 

 

Table 1. Th e relationship between anemia prevalence rates and nutritional status according to the variety of food included in a diet, methods of food 

preparation and children’s eating habits.
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The highest percentage of anemia was observed in chil-

dren having ready-cooked meals and fast food (100%), and 

the least percentage of anemia was noted in children who 

ate home-made food (4%). The children who ate ready-

made products and fast food were of healthy weight in 

100% of the cases. The children who ate fried food (25%) 

were at risk of being overweight, and as for those who ate 

roasted food only 20% of them were considered as obese. 

The study found that the highest percentage of ane-

mia was observed in children who did not have breakfast 

in their family diet (20%), on the other hand, even 30% of 

the children with the same eating habits were obese. The 

results indicated that obesity was not found in children 

whose family members did not have lunch (Table 1).

The children eating meat every day were found to be 

underweight (10.3% of the sampled children). Obesity was 

most frequently found in children who had meat once a 

week (28.3%), consequently it was found in the children who 

had a daily intake of meat in their diet (21.4%). There was no 

statistically signficant correlation between nutritional status 

disorders prevalence rates and meat consumption frequen-

cy. We have established that anemia was mostly present in 

children who ate meat on a daily basis (18.3%). However, 

there was no statistical significance (Figure 4).

Apart from nutrition it is leisure-time physical activity 

that has its effect on anemia and obesity rates. The study 

demonstrated that 45% of the sampled children were phys-

ically active almost every day, although it was not part of 

their training, just a form of their recreational activities, 

whereas only 15% of the children showed their physical ac-

tivity participation (2 – 3 times in a week, as part of their 

extracurricular activities). The amount of time children 

spent watching television screens was also analysed. The 

obtained results demonstrated that the greatest percent-

age of the sampled children (48%) spent more than 3 hours 

in front of the TV screens, whereas only 15% of the sam-

pled children spent less than one hour in front of the TV 

screens (Table 2).

χ2= 2.728, DF=2, p >0.05

Figure 4. Th e prevalence of anemia according to red meat consumption 

frequency

Table 2. Outdoor physical activities for children complete with the amount of time they spend watching television or using a computer during one day.

Variables Th e prevalence of anemia χ2 тест Nutritional status χ2 тест

Anemia is present

%

Anemia is 

not present

%

Anemia

%

Normal 

weight and 

under-

weight 

children’s 

group

%

At the risk 

of being 

overweight 

and obese

%

Nutritional 

status

Physical activity 

No physical activities 0 61.8 χ2=14.16 32.4 0 χ2= 15.49

DF=1 DF=1

Occasionally there are 

some physical activities or 

training

100 38.2 p<0.01 67.6 100 p<0.01

Time spent in front of the TV or computer screens

< 3hours 0 57.8 χ2=14.16 83.1 0 χ2= 12.2

DF=1 DF=1

> 3hours 100 42.2 p<0.01 16.9 100 p<0.01

Number of children 12 102 71 43
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DISCUSSION

Anemia and obesity can result from unhealthy eat-

ing habits, family habits effects and environmenal factors 

(16). Our study results indicate that 16.7% of children is 

considered as obese which is approximate to the preva-

lence of obesity in France (14%) (17), then it is higher 

when compared with the study coming from Sweden (3%)

(18), and less then the prevalence of obesity as depicted in 

the study of the USA (25%) (19). Our examination results 

show 10.8% of the children with anemia, which is con-

siderably less when compared with the Ethiopian study 

results (39.1%) (20), and more when compared with the 

Brazilian study (6.3%) (21). A potential cause of the oc-

currence of anemia in the higher percentage of children 

in Ethiopia, based on the results of our particular study, 

is mainly related to less availability and consumption of 

dietary iron-rich foods, products of animal origin in par-

ticular as well as low income affecting a variety of food 

choices. The less prevalence of anemia observed among 

children in Brazil as opposed to our respondents prob-

ably resulted from the lack of a variety of food choices 

offered to our respondents. The number of daily meals is 

one of the factors relevant for maintaining energy bilance. 

The WHO recommended five daily meals, meaning: three 

main courses and two snacks. We have established that an 

increase in the number of daily meals is followed by an 

increase in anemia level. The reason for such a claim may 

be related to the low nutritional value of foods utilized 

and the consumption of inadequately prepared foods (fast 

food, sweets, snacks). Breakfast is considered to be the 

most significant meal that should provide adequate in-

take of carbohydrates, vitamins and minerals. Breakfast 

skipping increases risk of anemia and obesity develop-

ment rates. Our reasearch findings indicate that anemia 

is mostly present in children whose family eating habits 

include skipping breakfast (20% of the respondents). The 

research of Bahaa Abalkhail and Sherine Shawky shows 

the presence of anemia in 27.7% of the children skipping 

breakfast (22). We have noted that 50% of the children 

classified into the excess weight gain group and obese 

children group would skip breakfast, unlike the results of 

the study Monika Arora et al. which noted 38.1% of chil-

dren skipping breakfast (23).

There are numerous food preparation methods, clas-

sified into healthy and unhealthy preparation forms. Food 

prepared by roasting, frying or fast food has the high level 

of energy density, but it is not considered as the adequate 

source of micronutritients necessary for normal body 

functioning. In our study, the least percentage of anemia 

was present in children whose parents chose boiling as the 

most present food preparation form. A greater percentage 

of anemia was recorded among children who consumed 

fried and roasted food (30%). Anemia was present in all 

the sampled children who consumed ready-cooked meals 

and fast food. A frequent consumption of fast food and a 

frying method utilized for food preparation can be a con-

tributing factor to obesity development. Unlike some of 

the previous studies Ayranci U еt al. (24) and Pereira et al. 

(25), our study did not confirm the correlation between 

these bad dietary habits and the respondents’ nutritional 

status. Only the children who had normal, healthy weight 

consumed fast food. The study showed that children who 

consumed fast food were at normal weight, probably be-

cause of the less frequent consumption of fast food or 

the fact that they did not consume large amounts of such 

food. There is also a possibility that there was sufficient 

physical activity that led to the expenditure of excess 

calories. Of the sampled children, 42% was considered to 

be at risk of excess weight gain or considered as obese, 

whereas the highest percentage of children eating fried 

food (58%) had a normal BMI. There were no statistically 

significant differences between the prevalence of anemia 

and nutritional status disorders compared with the food 

preparation method.

The consumption of certain foods can play a role in the 

prevention or predisposition of anemia and obesity devel-

opment rates. Red meat falls into the category of more im-

portant nutrient dense foods. Due to the chemical form of 

iron contained in meat, which is more easily susceptible 

to absorption and use, the consumption of this type of 

food is important for the prevention of anemia develop-

ment. In our research the obtained results show that the 

greatest percentage of children consuming meat 2-3 times 

a week (5.6%), which is evidently less when compared 

with the data of 24.8% of the children involved (19). Obe-

sity is mostly present in children eating meat once a week 

(28.3%), and the reason for stating this is probably related 

to the fact that types of higher nutritient-dense foods such 

as carbohydrates and fats are prevailing in their diet. Our 

research showed that anemia was not present in children 

who had intake of fish 3 times a week. In favour of the pre-

vious argument is the fact that anemia is less present in 

children who consumed fish more frequently in their diet, 

which is substantiated by the study results (26). Our study 

demonstrated that the greatest percentage of obese chil-

dren did not consume fish in their diet. 19% of the obese 

children consumed fish in their diet at least 2 or 3 times a 

week, which is in correlation with the study results (27).

Nuts present excellent sources of energy, plant-

based proteins, monounsaturated and polyunsaturated 

fatty acids, dietary  fibres, magnesium, potassium, folate 

and vitamin E. Certain types of the nuts contain greater 

amounts of iron which is a necessary component in the 

reduction and treatment of anemia. Nuts contain a bit of 

natrium and they do not contain any cholesterol which 

can reduce the risk of cardiovascular diseases and obesity 

in the combination with antioxidants contained in the 

abovementioned nuts (28). We have detected a statistical 

significance between the prevalence of anemia and nuts 

consumption. Anemia was present in 35% of the sampled 

children who did not consume any nuts. Among the chil-

dren who consumed nuts in their daily diets, the major-

ity of children fell into the normal, healthy weight group 
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(51%), whereas the minority fell into the underweight 

group (7%). The study results conducted by O’Neil CE 

et al. were in accordance with these results. Their study 

indicated that those who consumed nuts were associated 

with a lower risk of obesity later in life (28). This particular 

study revealed no statistically significant difference in the 

prevalence of nutritional status disorders compared with 

the consumption of nuts. According to studies, sweets 

consumed by children every day are reported to have a 

negative impact on their health state and well-being (29). 

Anemia was less present (45.8%) among respondents who 

ate sweets on a daily basis, but there were no statistical 

differences. On the other hand, the results obtained in the 

study conducted by Crnevic and Radovic Lj. indicated less 

percentage of anemia present in children (12.7%) (30). One 

of the possible explanations may lead to sugars generally 

increasing the absorption of Fe. However, the consump-

tion of sweets containing a lot of ’empty calories’ distracts 

the intake of nutrient-dense foods with a high nutritional 

value, increasing the risk of obesity development (31). Our 

research proved that there was 19% of the obese children 

who consumed sweets and snacks on a daily basis, which 

was similar to the study data given (31).

Various types of lifestyles also have their own influ-

ence on children’s development, health and well-being. 

The amount of time children spend in front of the TV 

screen is the period of their physical inactivity which is 

a contributing factor to childhood obesity. Anemia and 

obesity were present in all the children who spent more 

than three hours a day in front of the TV, which is con-

trary to the study results obtained in Cuprija, where only 

0.58% of the obese children spent three hours a day in 

front of the TV (32).

Frequent physical activity increases total energy de-

mands, causing fatigue and due to the inappropriate macro 

and micronutritients intake it creates a basis for obesity 

development. All children diagnosed with anemia were 

physically active. The reason lies in the fact that physical 

activity of such children along with training and insuffi-

cient intake of iron-rich foods lead to the additional expen-

diture of nutrients. Unlike our results, the study adminis-

tered by Crncevic and Radovic Lj indicates a lower level of 

anemia present in this particular children group (30).

 Regular physical activity shows a possitive impact on 

the reduction of the incidence of obesity (33). We have 

come to the conclusion that 67.5% of the children who 

were of normal were physically active every day, healthy 

weight or fell into the underweight group, which was twice 

as much comparing with the study that revealed only 28.8% 

of such children. The consumption of fast and unhealthy 

food could be one of the possible reasons.

CONCLUSION

The obtained results show a statistically significant 

correlation between an increase in the consumption of 

fast food and anemia in children, whereas the amount 

of time children spend in front of the TV is also associ-

ated with the higher percentage of anemia and obesity. 

21.6% of obese school-age children presented anemia. 

Additionally, it has been established that inadequate eat-

ing behaviour patterns, including not only the continual 

consumption of fast food, sweets and snacks but irregular 

intake of fish as well, complete with excessive consump-

tion of meat and nuts – present young children’s acquired 

habits and food preferences mostly influenced by their 

parents and caregivers. Therefore, it is very important to 

encourage children and their parents towards a healthier 

lifestyle by eating well and exercising regularly, as key 

measures directed at the prevention and control of obe-

sity and and anemia.
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ABSTRACT

Cardiorenal Syndrome Type 1 (CRS-1) is defi ned as an 
acute worsening of heart function leading to acute kidney in-
jury and/or dysfunction. It is an important cause of hospital-
ization which aff ects the diagnosis as well as the prognosis and 
treatment of patients. Th e purpose of this paper is to analyze 
causes that lead to the development of cardiorenal syndrome 
type 1 and its clinical consequences, as well as to emphasize 
the clinical importance of its early detection. Th e clinical stud-
ies and professional papers dealing with etiopathogenesis, di-
agnosis and treatment of cardiorenal syndrome type 1, have 
been analyzed. Th e most important role in the occurrence 
of cardio renal syndrome type 1 is played by hemodynamic 
mechanisms, activation of neurohumoral systems, infl amma-
tion and imbalance between the production of reactive oxygen 
species (ROS) and nitric oxide (NO). Diagnosis of cardiore-
nal syndrome type 1 involves biomarkers of acute renal injury 
among which the most important are: neutrophil gelatinase-

associated lipocalin (NGAL), cystatin C, kidney injury mole-
cule 1 (KIM-1), liver-type fatty acid binding protein (L-FABP), 
IL-18 and the values of nitrogen compounds in serum. In ad-
dition to a pharmacological therapy, various modalities of ex-
tracorporeal ultrafi ltration are applied in treatment of CRS-1, 
particularly if there is resistance to the use of diuretic therapy. 
As opposed to the experimental models, in clinical practice 
acute renal injury is often diagnosed late so that the measures 
taken do not give the expected results and the protective role 
shown in experimental conditions do not give the same results. 
For all these reasons, it is necessary to analyze the pathophysi-
ology of renal impairment in cardiorenal syndrome as well as 
detect early indicators of kidney injury that could have clinical 
benefi t and positive impact on reducing the cost of treatment.

Keywords: cardiorenal syndrome, diagnosis, treatment, 
therapy
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SAŽETAK

Kardiorenalni sindrom tip 1 (KRS - 1) se defi niše kao akutno 
pogoršanje funkcije srca koje dovodi do akutnog oštećenja i/
ili poremećaja funkcije bubrega. Predstavlja važan uzrok 
hospitalizacije koji utiče kako na dijagnozu, tako i na prognozu 
i lečenje pacijenata. Rad je imao za cilj da analizira faktore koji 
dovode do nastanka kardiorenalnog sindroma tip 1, kliničke 
posledice i da ukaže na klinički značaj njegovog ranog otkrivanja. 
Analizirane su kliničke studije i stručni radovi koji se bave 
etiopatogenezom, dijagnostikom i lečenjem kardiorenalnog 
sindroma tip 1. U nastanku kardiorenalnog sindroma tip 1 
najznačajniju ulogu imaju hemodinamski mehanizmi, aktivacija 
neurohumoralnih sistema, infl amacija i poremećaj ravnoteže 
između stvaranja slobodnih radikala kiseonika (ROS) i azot 
monoksida (NO). Dijagnostika kardiorenalnog sindroma 
tip 1 uključuje određivanje biomarkera oštećenja bubrega 
u serumu među kojima su najznačajniji: NGAL (serumski 
lipokalin povezan sa želatinozom neutrofi la), cistatin C, molekul 
oštećenja bubrega 1 (KIM-1), jetreni transportni protein masnih 

kiselina (L-FABP), IL -18 kao i vrednosti azotnih materija u 
serumu. Pored primene farmakološke terapije u lečenju se 
primenjuju i različiti modaliteti vantelesne ultrafiltracije, 
naročito ukoliko postoji rezistencija na primenu diuretske 
terapije. Nasuprot eksperimentalnim modelima u kliničkoj 
praksi se akutno oštećenje bubrega kasno dijagnostikuje 
tako da mere koje imaju benefita i protektivnu ulogu u 
njegovom nastanku u eksperimentalnim uslovima ne daju 
iste rezultate u kliničkoj praksi. Zbog svega pomenutog 
potrebno je analizirati patofiziologiju renalnog oštećenja 
u KRS-u kao i otkriti raniji indikator oštećenja bubrega što 
bi moglo imati ranu kliničku korist i uticalo na smanjenje 
troškova lečenja. 

Ključne reči: kardiorenalni sindrom, dijagnostika, lečenje, 
terapija
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INTRODUCTION

Cardiorenal syndrome type 1 (CRS-1) is defined as an 

acute worsening of the heart function leading to an acute 

kidney injury and/or renal dysfunction. It is an important 

cause of hospitalization which affects the diagnosis as well 

as the prognosis and treatment of patients, increasing the 

risk of cardiovascular mortality and morbidity, cerebrovas-

cular insult, duration of hospitalization and the frequent 

need of rehospitalization. It occurs in 25-33% of patients 

hospitalized for acute heart failure (1, 2). Conditions that 

lead to rapid deterioration of cardiac function are acute 

hypertensive pulmonary edema with preserved systolic 

function, acute decompensation of chronic heart failure, 

cardiogenic shock and acute predominant right ventricular 

failure (3-10) (Table 1). 

Etiopathogenesis

There are direct and indirect e ff ec ts  o f  he art failure that 

are designated as primary for the occurance and incidents 

of acute renal injury as well as renal dysfunction. The fac-

tors hidden behind the classic hemodynamic mechanisms 

play the main role in the pathogenesis of renal impairment. 

The factors involved in the development of cardiorenal 

syndrome type 1 are: venous congestion, dysfunction of 

the sympathetic nervous system, anemia, activation of the 

renin angiotensin aldosterone system (RAAS), disruption 

of the hypothalamic-pituitary axis and significant changes 

in immune and somatic cell signaling (Table 1) (11). In ad-

dition to the aforementioned mechanisms, renal impair-

ment occurs as a result of renal hypoperfusion, which 

occurs as a consequence of reduced cardiac output and 

systemic arterial pressure. A sudden decrease of intravas-

cular volume activates the renin angiotensin aldosterone 

system (RAAS), which leads to an increase in angiotensin 

2, which stimulates creation and release of endothelin 1 in 

kidneys, a strong profibrotic inflammatory and vasoactive 

peptide which plays an important role in most pathogenet-

ic mechanisms of acute kidney injury (3-9). All this leads 

to a decrease in glomerular filtration rate and development 

of acute kidney injury. 

Venous congestion
Venous congestion is one of the most important hemo-

dynamic determinants of cardiorenal syndrome which is 

ABBREVIATIONS

ADHF - acute decompensated heart failure

CRRT – continuous renal replacement therapy

SCUF - slow continuous ultrafiltration 

CVVHF - continued veno-venous hemofiltration 

CRS-1 – cardiorenal syndroma type 1

GFR - glomerular filtration rate 

KIM-1 - kidney injury molecule 1

L-FABP - liver-type fatty acid binding protein 

IL-1, IL-6, IL-18 – interleukin 1, 6, 18

NGAL - neutrophil gelatinase-associated lipocalin 

NO - nitric oxide

RAAS - renin angiotensin aldosterone system 

ROS - reactive oxygen species  

SCr – serum creatinine

TGF - tubuloglomerular feedback mechanism 

Table 1. Ethipathogenesis and biomarkers in Cardiorenal syndroma type 1

RAAS - renin angiotensin aldosterone system

NGAL- Neutrophil gelatinase-associated lipocalin

KIM-1  Kidney injury molecule

L-FABP- Liver fatty acid binding protein

IL-18- interleukin 18

IL-1 interleukin 1

IL-6 interleukin 6

Cardio renal sindroma type 1

Th e main couses Pathogenesis Biomarkers

1. Acute hypertensive 

pulmonary edema with 

preserved systolic function

2. Acute decompensation of 

chronic heart failure

3. Cardiogenic shock

4. Acute predominant right 

ventricular failure

Factors that lead to renal hypoperfusion: 

1. Dysfunction of the sympathetic nervous system

2. Venous congestion

3. Anemia

4. Activation of the RAAS

5. Disruption of the hypothalamic-pituitary axis

6. Signifi cant changes in immune and somatic cell signaling

7. Imbalance between the production of reactive oxygen species (ROS) and nitric oxide (NO)

8. Infl amation (c-reactive protein, pentraxin 3, tumor necrosis factor α, IL-1, and IL-6

9. Apoptotic factors in plasma (caspase-3 and caspase 8)

1. NGAL

2. Cystatin C

3. KIM-1

4.  L-FABP

5. IL -18 
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associated with a renal dysfunction within the acute de-

compensated heart failure (12). Neurohormonal activation 

flooding atrio-renal reflexes in patients with heart failure 

is manifested by persistent renal retention of sodium and 

water in spite of atrial pressure. Transmission of venous 

congestion to renal veins continues to threaten glomerular 

filtration rate (GFR) (13). One of the possible mechanisms 

that connects venous congestion and GFR is an increase in 

renal interstitial pressure that leads to an increased con-

centrations of angiotensin II which results in a reduction in 

the glomerular filtration rate, either directly or via modula-

tion of the sympathetic nervous system. The stimulation of 

the adrenergic receptors on the proximal tubule renal cells 

increases the reabsorption of sodium, while the stimula-

tion of the adrenergic receptors in the juxtaglomerular ap-

paratus stimulates RAAS (14).

The most important non-hemodynamic mechanisms 

involved in the development of CRS-1 are: renin angioten-

sin aldosterone system (RAAS), the sympathetic nervous 

system (SNS), inflammation and an imbalance between the 

production of reactive oxygen species (ROS) and nitric ox-

ide (NO) (15).

Inflamation and immune cell signaling
Inflammation plays an important role in the develop-

ment of all types of cardiorenal syndrome, including type 

one. Numerous studies have demonstrated the activation 

of different levels of inflammation in patients with heart 

failure. Acute heart failure leads to an immune activation 

and production of cytokines, complement system, TNF-

alpha, adhesion molecules and immune cells, which cause 

damage to distant organs such as kidneys, leading to acute 

renal injury, exacerbating the heart failure. The inflamma-

tory cytokines which can be created in the myocytes as a 

result of an ischemic or mechanical stimuli or innate im-

mune response that is represented as a “toll-like” recep-

tor, “pentraxin-like” C-reactive protein and pentraxin 3 

(16-18) provide an inflammatory etiology of heart failure. 

The increase of cytokines, as well as inflammatory mark-

ers, in the blood have been proven in patients with acute 

decompensated heart failure (19). There is evidence which 

supports the prognostic value of various circulating mark-

ers of inflammation, particularly C-reactive protein, pen-

traxin 3, tumor necrosis factor α, IL-1, and IL-6 (20). For 

example, it has been shown that high levels of C-reactive 

protein, an acute phase reactant, are registered in the last 

stages of renal failure (21). A study conducted by Pastori 

and his colleagues showed that the development of CRS-1 

is immune-mediated and that loss of normal regulation of 

the immune system may play a role in the pathogenesis of 

CRS-1. The study pointed to a high activity of apoptotic 

factors in plasma of patients with CRS-1 (caspase-3 and 

caspase 8 – inducing apoptosis of monocytic cells) as well 

as high levels of IL-6 and IL-18 (22). These findings suggest 

an immunological basis for CRS-1 because various cardio-

renal mediators can induce early pathological apoptosis of 

monocytes.

Th e predisposing factors for type 1 CRS

There are variety of contributing factors that pose a risk 

for the development of cardiorenal syndrome type 1. Obe-

sity and cardiometabolic changes in the cardiovascular 

system, including diabetes, hypertension, and subsequent-

ly, during the illness cachexia, biochemical and hormonal 

changes caused by disorders of bone and mineral metabo-

lism, retention uremic molecules, proteinuria and anemia 

– these all are involved in the development of CRS-1. The 

development of this syndrome can cause permanent renal 

impairment and the need for dialysis or a partial renal re-

covery. Coronary revascularization also leads to a develop-

ment of cardiorenal syndrome type 1. Before surgical vas-

cularization each patient undergoes coronary angiography. 

Iodinated contrast agents cause renal vasoconstriction and 

direct toxicity of the renal tubules. As a result, contrast-in-

duced nephropathy occurs in 15% of patients (23). During 

surgical revascularisation of the heart, kidneys are exposed 

to hypothermia, absence of pulse, perfusion reduction of 

30-90 minutes, which can lead to progression of ischemic 

injury in the ambient of proinflammatory condition. It is 

possible that extracorporeal circulation used in the cardio-

vascular surgery triggers systemic factors that further lead 

to the acute renal injury. Attempts to reduce exposure to 

this risk did not lead to a reduction in incidence of acute 

kidney injury (24). Cardiac bypass surgery with acute re-

nal impairment occurs in 30% of patients. The cardiorenal 

syndrome type 1 causes an increase in mortality rate three 

to four times despite the possibility of dialysis (25).

Diagnostics of cardiorenal syndrome type 1

The latest biochemical biomarkers, whose values are 

increased even at a slight reduction in kidney function, are 

used in the early diagnosis of type 1 CRS. What should not 

be ignored is the increase in serum creatinine in the diag-

nosis of acute kidney injury. Thus cardiorenal syndrome 

type 1 is defined as an increase in serum creatinine com-

pared to the value at the time of admission to 26.5 μmol/L 

and more or 44.2 μmol/L and more or 25% and more, as 

well as an increase in the value of the SCr by 50% SCr val-

ues at the time of admission or as a combined increase in 

SCr of 26.5 μmol/L and more or 25% and more (26). In the 

last decade, several risk scores  for acute kidney injury in 

patients with acute heart failure, acute myocardial infarc-

tion and in patients undergoing cardiac surgery or coro-

nary angiography have been published. The application of 

these scores in clinical work has shown great benefit in the 

prevention of CRS-1 (27). Forman (28) and Mehran (29) 

risk scores are widely used in the world. They are very 

valuable for predicting the emerging acute renal injury in 

patients with acute decompensated heart failure and those 

who underwent coronary angiography. Risk factors includ-

ed in risk scores were: age, serum creatinine levels, systolic 

arterial pressure, glomerular filtration rate, diabetes mel-

litus, use of furosemide and many others.
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Biochemical markers of acute renal injury

Serum creatinine, glomerular filtration rate determined 

by creatinine clearance, the concentration of sodium in the 

urine, fractional excretion of sodium, fractional excretion 

of urea, and urine osmolality are used as standard labora-

tory parameters in clinical practice. In addition to the pa-

rameters listed, for early detection of acute kidney injury in 

recent years some new biomarkers have been used: KIM-1 

- kidney injury molecule 1, L-FABP - the liver fatty acid 

binding protein, IL -18, NGAL and cystatin C (30). A larger 

number of studies have examined the role of biomarkers in 

predicting the occurrence of cardiorenal syndrome type 1 

in patients with acute decompensated cardiac insufficiency 

(Table 1) (31). In their study Pfister and colleagues found 

elevated basal NT-proBNP as a predictor for developing 

acute renal impairment (32). 

NGAL

In one of the numerous studies, on admission, among 

patients who had developed acute renal failure, the in-

creased serum neutrophil gelatinase-associated lipocalin 

(NGAL) was shown. NGAL is a protein mass of 25 kDa, 

and is one of the important indicators of acute renal injury 

and is very often used in clinical practice (33). If the val-

ues of NGAL in the urine are greater than 100 ng/ml two 

hours after the initial event, it indicates the development of 

acute renal impairment (34). NGAL serum values are de-

termined by the impairment of renal function rather than 

myocardial function (35). In patients with ADHF (acute 

decompensated heart failure) serum NGAL largely corre-

lates with renal functional markers. High values of NGAL 

on hospital admission are associated with adverse cardio-

vascular outcomes or death. 

Cystatin C

Serum cystatin C measured on admission of patients 

with acute decompensated heart failure is a better long-

term predictor of mortality and rehospitalization than 

serum creatinine or BNP (36). Cystatin C is a cysteine 

protease inhibitor which is completely reabsorbed in the 

proximal tubule cells. It proved to be a very sensitive in-

dicator of small changes in glomerular filtration rate. This 

biomarker is an independent predictor of adverse cardiac 

events in patients with acute coronary syndrome (37). Its 

concentration is increased up to two days before the in-

crease of serum creatinine concentration. Due to its pre-

dictive values and biochemical characteristics serum cys-

tatin C may also be of great relevance for the diagnosis of 

early loss of kidney excretory function in CRS-1.

Treatment of CRS-1

The treatment of CRS type 1 is rather complex and 

the consensus on the choice of an appropriate therapeu-

tic approach has not been reached yet. It was agreed 

that the preservation of renal function should have the 

same priority as the preservation of heart function (38). 

Standard therapeutic strategies in clinical practice im-

ply medical therapy and open ultrafiltration dialysis 

supportive therapy. 

Medical therapy

The usage of medications for the treatment of heart 

failure, such as diuretics, ACE inhibitors, and angiotensin 

receptor blockers have a deleterious effect on renal func-

tion. Diuretics improve symptoms in acute decompensat-

ed heart failure and in the long run they do not affect mor-

bidity and mortality, but they may lead to a deterioration of 

renal function, due to neurohumoral activation. These pa-

tients often experience resistance to these drugs as well as 

the absence of desired effect. Resistance occurs due to the 

reduction of glomerular filtration, activation of the sympa-

thetic nervous system and RAAS system, hypertrophy of 

epithelial cells of the distal tubules and increased concen-

tration of adenosine. Loop diuretics are the first-line drugs 

for patients with acute decompensated heart failure, where 

volume overload is present, with the goal of acheaving a 

gradual diuresis (39). Dosing of diuretics depends on renal 

function, systolic blood pressure and previous treatment 

with diuretics. Diuresis can be enhanced by the addition 

of thiazide diuretic, acetazolamide, spironolactone or by 

using continuous infusion of loop diuretics. Continuous 

infusion of diuretics can be monitored by using the tech-

niques to evaluate the quantity of liquids such as bioelec-

trical impedance vector analysis (BIVA), measuring proB-

NP, cardiac output and central venous pressure. According 

to a study conducted by Felker et al. it has been proven 

that in patients with acute decompensated heart failure 

(ADHF) there is no significant difference in improvement 

of symptoms, the number of rehospitalizations and deaths 

between those in which diuretics are administered by con-

tinuous IV infusion and those who received the bolus, nor 

were there diffeences in the application of high versus low 

doses of diuretics (40). Beta blockers are administered 

with caution, especially in patients with cardiogenic shock. 

Their application should be started cautiously, when he-

modynamic stability of patient is established, particularly 

in patients with CRS-1 after myocardial infarction (41). 

ACE inhibitors and angiotensin receptor blockers are un-

derused in the treatment of cardiorenal syndrome due to 

fears of worsening renal function. Blockade of RAAS alone 

reduces morbidity and mortality in patients with chronic 

heart failure and slowing the progression of chronic renal 

failure, particularly in patients with diabetic nephropathy 

(42). The use of ACE inhibitors in patients with moder-

ate renal failure has a positve effect on their survival rate 

despite a transient worsening of renal function that occurs 

in 30% of cases. The presence of acute renal failure with 

or without hypokalemia can also reduce the use of the 

ACE inhibitors and the aldosterone receptor blockers. In 
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patients with severe renal insufficiency a constant moni-

toring of renal function is required because of unknown 

relations between their safety and efficacy. Apart from the 

drugs mentioned, in the treatment of CRS-type1 the ino-

tropic drugs are used, among including dopamine, dobu-

tamine, norepinephrine, fenodolpan. Dopamine is a rem-

edy which, depending on the dose, may have vasodilator, 

inotropic and systemic vasoconstrictor effects. It is used 

in patients with systemic hypotension and in patients with 

reduced cardiac index (43).

Newer drugs for the treatment of type 1 CRS

New strategies in the treatment of CRS 1 involving use 

of drugs that improve kidney function in patients with heart 

failure and those are adenosine receptor antagonists and va-

sopressin antagonists. The blockade of subtype 1 adenosine 

receptors can enhance diuresis and natriuresis with main-

taining or increasing GFR and reduce the need for loop di-

uretics (44). The blockade of adenosine receptors leads to a 

blockade of tubuloglomerular feedback mechanism (TGF) 

which is responsible for normal homeostasis of electrolytes 

and fluids that can be changed in heart failure and leads to 

a diuretic resistance and reduction of glomerular filtration 

rate. A placebo-controlled, randomized study showed that 

selective adenosine A1 receptor blockers such as rolofylline 

in patients hospitalized with ADHF and volume overload 

in order to assess the effect on congestion and renal func-

tion was not better than placebo (45). Although it showed 

an improvement of dyspnea, rolofilline did not prevent the 

emergence of kidney damage nor had a significant effect on 

the overall success of treatment. The blockade of vasopres-

sin V2 receptors in collecting ducts of kidneys leads to an 

increase in the excretion of free fluid which can theoreti-

cally correct fluid retention and hyponatremia in patients 

with congestive heart failure. Tolvaptan, an oral selective 

vasopressin V2 receptor antagonist, showed results in im-

proving symptoms, but not in reducing the number of re-

hospitalizations and mortality in patients with ADHF (46). 

Conivaptan is antagonist of both vasopressin V1 and V2 

receptors which not only reduces the excretion of fluids but 

it can also reduce systemic vascular resistance and improve 

systolic function (47). Natriuretic peptides have systemic 

and renal vasodilator effect, natriuretic, diuretic and myor-

elaxant effect on smooth muscles and they reduce the need 

for oxygen in certain segments of the nephron (48). The 

synthetic natriuretic peptides lead to a dilatation of the ar-

terial and venous systems. The study ASCEND - HF (Acute 

Study of Clinical Effectiveness of Nesiritide and decompen-

sated Heart Failure) which studied the effect of Nesiritide B, 

a synthetic natriuretic peptide, in patients with decompen-

sated heart failure showed that Neseritide B has no effect 

on survival rate, as well as on the number of rehospitaliza-

tions (49). Urodilantin A is a natriuretic peptide which can 

improve symptoms but does not affect the mortality and re-

nal function in patients with ADHF (acute decompensated 

heart failure) (50).

Ultrafiltration in treatment of type 1 CRS 

Ultrafiltration is indicated if the volume overload per-

sists despite an optimal output and the application of di-

uretic therapy and when there is resistance to its use. The 

process of ultrafiltration removes the isotonic fluid from 

the blood of patients, wherein there is no activation of the 

sympathetic nervous system and the renin-angiotensin-

aldosterone system (51, 52). There are several modalities 

of ultrafiltration used in the treatment of patients with 

an acute worsening of chronic heart failure and these are 

Aquadex system, Intermittent Ultrafiltration - IUF and 

Slow Continuous Ultrafiltration - SCUF. According to the 

study RAPID-CHF (“Relief for Acutely Fluidity Overload 

Patients with Decompensated CHF”) the application of 

SCUF showed good results in patients with a sudden wors-

ening of chronic heart failure (53). The Continued Veno - 

Venous Hemofiltration (CVVHF) has found its application 

in patients with a sudden worsening of chronic congestive 

heart failure, metabolic disorders of electrolyte and acid-

base balance (hyperkalemia, metabolic acidosis), as well as 

in the removal of excess fluids.

Comparison of efficacy of diuretic therapy and ul-
trafiltration by open dialysis supportive therapy in the 
treatment of type 1 CRS

A study called UNLOAD (The Ultrafiltration versus IV 

Diuretics for patients Hospitalized for Acute decompen-

sated Congestive Heart Failure) compared the application 

of ultrafiltration with the application of diuretics in patients 

with acute decompensated cardiac failure. Ultrafiltration 

has reduced the number of rehospitalizations and increased 

weight loss in patients with ADHF (54). Another smaller 

study, conducted by Rogers and associates showed no dif-

ference in the balance of fluid, glomerular filtration rate and 

renal plasma flow between the application of ultrafiltration 

and loop diuretics (55). In a four-year period the large study 

CARRES-HF (2008-2012) showed that the application of 

the step-approach pharmacological therapy is superior to 

ultrafiltration regarding preserving renal function during 

96 h in patients with acute decompensated heart failure, 

worsening of renal function and persistent congestion (56). 

The use of ultrafiltration has been associated with a num-

ber of adverse events (bleeding, worsening of renal function, 

complications associated with IV catheter). Weight loss was 

similar in both groups. In addition to the aforementioned, 

two smaller studies have also shown that the use of methods 

of ultrafiltration or so-called (CRRT) – Continuous Renal 

Replacement Therapy – is associated with a high mortality 

rate, especially in the simultaneous administration of vaso-

pressors in patients over 70 years of age (57). One of these 

studies, conducted in Cleveland, has shown that the appli-

cation of slow continuing ultrafiltration (SCUF) in patients 

with acute decompensated heart failure, despite the fact that 

it has demonstrated significant weight loss and improve-

ment of central and venous hemodynamic parameters, did 
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not show significant improvement of renal function in re-

ducing serum creatinine and urea (58). According to these 

studies it can be concluded that the development of cardio-

renal syndrome type 1 does not only involve hemodynamic 

mechanisms, but also some other, still unknown variables, 

suggesting that the improvement in haemodynamic param-

eters is not closely related to the amelioration of renal func-

tion (59). 

Peritoneal dialysis in cardiorenal syndroma type 1

Peritoneal dialysis provides better hemodynamic sta-

bility in patients with acute exacerbation of chronic con-

gestive heart failure and acute kidney injury (60). The main 

advantages of peritoneal dialysis are the preservation of 

renal function, less variable ultrafiltration, hemodynamic 

stability, better clearance of large molecules, smaller loss 

of sodium and preservation of its normal concentration in 

the serum (61). The disadvantages of peritoneal dialysis are 

an increased risk for the development of peritonitis, meta-

bolic disorders (hyperlipidemia, increased atherogenic po-

tential). The results of new well-controlled, randomized 

clinical trials should more accurately determine the signifi-

cance, place and role of peritoneal dialysis in the treatment 

of patients with cardio-renal syndrome type 1 (62). 

CONCLUSION 

The clinical significance of acute kidney injury, when 

the outcome of treatment of patients is in question, has in-

creased in recent years. Deterioration of renal function in 

patients with acute decompensated heart failure is an impor-

tant risk factor and very often results in a rapid deterioration 

of the clinical picture. In contrast to experimental models, 

in clinical practice, acute renal failure is often diagnosed too 

late so that the measures that normally have beneficial ef-

fects and protective role under the experimental conditions 

do not give the same results in clinical practice. For all these 

reasons it is necessary to analyze the pathophysiology of re-

nal impairment in the CRS as well as detect early indicators 

of kidney damage. Then the application of various protec-

tive molecules could have early clinical benefits.
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ABSTRACT 

Studying how spatial information interacts with fi gura-

tive language processing in right-hemisphere (RH) stroke pa-

tients is a relatively neglected area of research. Th e goal of 

the present case study was to establish whether an ischemic 

lesion in the right temporo-parietal region causing spatial 

neglect would aff ect comprehension of sentence-level spatial 

metaphors, since some evidence indicates the crucial role 

of the RH in metaphor processing. Th e patient under study 

showed some degree of cognitive impairment (e.g., in spatial 

and verbal working memory, executive control, visuo-spatial 

matching skills). However, his comprehension of spatial met-

aphors was preserved. Th is case illustrates that RH damage 

does not necessarily aff ect comprehension of sentence-level 

spatial metaphors. 

Keywords: spatial metaphors, stroke, right hemisphere, tem-

poro-parietal region, allocentric representations, spatial neglect.

SAŽETAK 

Uticaj spacijalnih informacija na razumevanje fi gura-

tivnog jezika kod pacijanata sa lezijama u desnoj hemisferi 

usled moždanog udara je nedovoljno istražena tema. S obzi-

rom na to da dosadašnja istraživanja ukazuju na presudnu 

ulugu desne hemisfere u razumevanju metafora, cilj naše stu-

dije bio je da utvrdi da li ishemijska lezija u desnoj temporal-

no-parijetalnoj oblasti povezana sa spacijalnim neglektom 

utiče na razmevanje prostornih metafora u rečenici. Pacijent 

ZG prikazan u ovoj studiji pokazao je defi cit prostorne rad-

ne memorije, verbalne radne memorije i vizuelno-prostornih 

odnosa. Međutim, njegovo razmevanje prostornih metafora 

je očuvano. Ova studija pokazuje da lezije u desnoj hemisferi 

ne utiču na razumevanje prostornih metafora.   

Ključne reči: prostorne metafore, moždani udar, desna he-

misfera, temporo-parijetalna oblast, alocentrične reprezentacije, 

spacijalni neglekt. 
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INTRODUCTION 

Studying how spatial information interacts with figu-

rative language processing in post-stroke patients is a 

relatively neglected area of research. While often reported 

deficits in spatial cognition in Alzheimer’s disease (AD) 

patients are associated with early hippocampal deteriora-

tion or with basal forebrain atrophy (1), patterns of deficit/

sparing of spatial processing in post-stroke patients with 

right hemisphere damage is less clear. Spatial cognition has 

been associated with a bilateral fronto-parietal network, 

in which the right hemisphere (RH) plays the main role in 

directed attention within extrapersonal space (2, 3). A hier-

archical organization in the processing of spatial relations 

has been proposed, in which egocentric (body-centered) 

spatial relations require only a subsystem of the resources 

required by allocentric (body-independent) spatial re-

lations (4). According to this view, the latter require the 

RH involvement. On the other hand, the neural basis of 

spatial language, e.g. linguistically coded spatial informa-

tion, involves the left inferior temporal and parietal areas, 

occipito-temporal junction, inferior prefrontal region and 

anterior superior temporal gyrus (5-7). However, some 

evidence suggests that spatial language processing is sup-

ported by the brain regions that support non-linguistic 

spatial processing (8). 

It has been debated whether comprehension of meta-

phors and other types of figurative language requires RH 
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support (9-11). So far, only a small number of studies in-

vestigated comprehension of sentence-level metaphors 

in post-stroke patients. An early study involving patients 

with RH injury (n=22) reported that these patients had 

preserved ability to verbally explain metaphoric sentences, 

but they were correct only half of the times in picture-met-

aphor matching (12). Another study investigated compre-

hension of words, familiar phrases (similar to conventional 

metaphors), and novel sentences in left-hemisphere (LH) 

aphasic (n=28) and RH-damaged speakers (n=11) and re-

ported that the RH-damaged group had impairment in the 

comprehension of familiar phrases, but not in the compre-

hension of words or novel sentences (13). The group with 

LH damage showed the opposite pattern: good compre-

hension of familiar phrases, but impaired comprehension 

of novel sentences. 

A series of three case studies that investigated the com-

prehension of moderately familiar sentential metaphors 

and closely matched literal sentences in post-stroke apha-

sic patients showed that all three patients had moderately 

impaired comprehension of metaphors. Crucially, one of 

the three patients had a RH lesion, whereas the remaining 

two were LH-damaged aphasic patients. What sets these 

cases apart is a differential impairment of metaphoric and 

literal sentence comprehension. Put differently, these pa-

tients exhibited three distinct comprehension patterns: the 

patient with a RH injury had impaired comprehension of 

both metaphoric and literal sentences at a comparable lev-

el; one of the two patients with LH damage had impaired 

comprehension of both types of sentences, but with signifi-

cantly more impaired comprehension of metaphors, while 

the other had impaired comprehension of metaphoric sen-

tences but spared comprehension of literal sentences (14). 

Taken together, this evidence indicates the existence of a 

variety of patterns in metaphor comprehension in post-

stroke patients that goes beyond simple dichotomies, such 

as novelty vs. familiarity, and involves damage to both ce-

rebral hemispheres. 

In the present study, we investigated the comprehension 

of sentence-level spatial metaphors in a RH stroke patient. 

By “spatial metaphors” we refer to the metaphors contain-

ing spatial terms or as previously defined in the literature: 

“Talking in spatial metaphors means using spatial words to 

describe nonspatial entities, states, or relationships” (15). 

Comprehension of spatial metaphors requires information 

integration based on both linguistically coded spatial in-

formation and figurative language, where two previously 

non-linked concepts are joined in a new meaning. Here 

we focused on conventional metaphors with spatial terms 

and wanted to determine whether a RH post-stroke patient 

with no apparent aphasia had difficulties comprehending 

metaphoric sentences containing spatial information. We 

hypothesized that a stroke lesion affecting the right tem-

poro-parietal region and resulting in spatial neglect would 

be associated with impaired comprehension of spatial rela-

tions in the allocentric frame of reference (object-object); 

however, comprehension of metaphoric sentences with 

locative predicates and literal sentences with spatial modi-

fiers would be preserved, because the intact left hemi-

sphere would support these tasks. To test these hypothe-

ses, we designed four experiments (section “Evaluative and 

experimental tests”) and tested a right-handed man who 

had previously suffered a stroke in the right hemisphere 

(section “Case presentation”). 

BACKGROUND 

Case presentation

A 70-year-old right-handed man, ZG, was admitted 

to the neurology department due to a sudden weakness 

of the whole left side of body, confusion, and inability 

to speak. The patient did not have a history of demen-

tia, other brain diseases, or alcohol/drug abuse. He had 

been treated for angina pectoris for eight years prior to 

the incident, but he had not been taking the medication 

regularly. A CT scan showed an acute right-hemisphere 

temporo-parietal lesion. Additionally, MRI revealed 

smaller ischemic lesions in the right basal ganglia and 

occipital lesions. Nine days later, ZG suffered another 

stroke, which was caused by occlusion of the right in-

ternal carotid artery within the cavernous sinus. There 

was no evidence of lesions in the left hemisphere. An 

extracranial Doppler sonogram obtained immediately 

after the first stroke showed no substantial stenosis in 

the common carotid artery, external carotid artery and 

internal carotid artery, although atheromatous changes 

were present, being in particular prominent at the carotid 

bifurcation; there were no hemodynamic changes in the 

vertebral arteries or signs of reverse flow. Furthermore, 

the Multislice Computed Tomography (MSCT) angiog-

raphy, which was performed 10 days after the second 

stroke, showed no pathological changes extracranially, 

in the common carotid artery, external carotid artery 

or internal carotid artery. The vertebral arteries showed 

normal hemodynamics, with sufficient blood velocity. 

The intracranial segments of the internal carotid artery 

showed no signs of stenosis. In addition, the MSCT scan 

showed normal branching of the circle of Willis and no 

signs of pathology. 

The medical records indicate that the two major in-

cidents left the patient with a left-side paresis and spatial 

neglect, which persisted throughout the chronic stage. 

In addition, immediately after the incidents, the patient 

showed language disturbances both in speech production 

and comprehension. For example, he was not able to talk, 

except to produce one word, “water”, or to respond to the 

questions asked by the medical staff inquiring about his 

condition. He was disoriented and could not follow com-

mands. He remained at this verbally nonresponsive, low-

level consciousness and confused state during the initial 

part of his stay at the hospital, but his condition had im-

proved by the time he was discharged. 
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After leaving the hospital, ZG stayed at a rehabilita-

tion institution for three weeks, where he underwent an 

intensive program for rehabilitation of motor and cogni-

tive functions. The initial language disturbances were tran-

sient and resolved spontaneously, leaving the patient with 

some reading difficulties (section “Results”). In addition, 

he exhibited memory problems (forgetfulness, difficulty 

with retrieval of words and names), but according to his 

spouse, these were present before the illness. Since leaving 

the rehabilitation institution, he has continued the inten-

sive physical therapy at home, which he has had four times 

per week. He has regularly attended neurological follow-

up exams as scheduled and visited his general practitioner 

for a check-up once a month. 

At the time of testing for the present study, which was 

4 years post-onset, ZG had left-side hemiparesis, no ap-

parent language disturbances, and was using the following 

prescribed medications: amiodaron to regulate arrhyth-

mia, plavix to prevent platelets from clumping together 

and forming blood clots, clonazepam to control muscle 

spasms, and nitroglycerin for the management of angina 

pectoris. When asked about his condition, ZG complained 

that he “cannot see things on the left side”. He also stated 

that he needed more time to complete any mentally engag-

ing task than before the illness and that he now preferred 

a slower rate of speech in conversation, especially with 

speakers who use longer and more complex sentences.

 Before the testing began, the patient signed informed 

consent. In addition, five neurologically intact subjects 

participated in the study as a control group. They also 

signed informed consent. The study was conducted in ac-

cordance with the guidelines of the Declaration of Helsinki 

for studies involving human subjects. 

Evaluative and experimental tests

In addition to consulting ZG’s medical records, be-

fore conducting experiments, we administered a set 

of evaluative tests: an aphasia screening test validated 

for Serbian (16) to determine patient’s language status, 

Montreal Cognitive Assessment (MoCA) (17) to evalu-

ate his general cognitive status, the Month ordering test 

(18) to assess his verbal working memory, and Raven’s 

Coloured Progressive Matrices (19) to assess his visuo-

spatial pattern-matching ability and relational reason-

ing. 

Four experiments were designed to test the follow-

ing abilities of the patient: spatial working memory (Ex-

periment 1), comprehension of basic spatial relations (Ex-

periment 2), use of spatial prepositions in nonfigurative 

sentences (Experiment 3) and comprehension of sentence-

level metaphors with spatial terms (Experiment 4). 

Briefly, Experiment 1 consisted of 40 pairs of sym-

bols that were modified from the Glagolitic alphabet, 

with which the patient was not familiar. One half of the 

stimuli contained pairs with two identical symbols and 

the other half contained pairs with two different sym-

bols. The pairs containing different symbols were cre-

ated by manipulating one symbol along either a verti-

cal reference axis (up, down) or horizontal reference 

axis (left, right). Crucially, in a pair with two different 

symbols, the symbols differed in only one spatial fea-

ture, which was varied across the upper vs. lower left vs. 

right quadrants. In this experiment, the symbols in each 

pair were presented separately for 3 seconds, with the 

second symbol immediately following the first one (see 

Table 1 for examples). The task was to decide whether 

the second symbol was positioned in the same way or 

differently from the first symbol, i.e. whether the two 

express the same spatial relation. The order of presenta-

tion of the pairs containing same/different symbols was 

randomized. The stimuli were printed in black color 

on a white background and positioned in the center of 

page. The time to respond was not limited.

Experiment 2 tested participants’ ability to identify 

spatial relations among paired objects in drawings (e.g., 

heart, cross, circle, triangle, etc.). The stimuli consisted of 

14 pairs of drawn objects, each testing a different spatial 

relation in the object-object frame of reference, such as be-

hind, in front of, on top of, below. Each pair was presented 

on a separate sheet of paper, and above each pair a written 

word indicated the target spatial relation, e.g., ”BELOW”. 

The task was to form a sentence expressing the spatial re-

lation between the presented pair of objects based on that 

Table 1. Examples of stimuli for Experiment 1.

Th e task was to judge whether the second symbol (column 2) of a pair was 

positioned in the same way or diff erently from the fi rst symbol (column 

1) of that pair. Th e fi rst three rows in the table illustrate the pairs with 

diff erently positioned symbols and the last three rows illustrate the pairs 

of symbols positioned in the same way.
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word, e.g. “The cross is below the heart”. To facilitate the 

task and avoid interference with possible reading difficul-

ties, the experimenter read the written word.

Experiment 3 tested participants’ ability to produce spa-

tial prepositions in simple non-figurative sentences, con-

sisting of a noun expressing the role of subject, verb, and 

prepositional phrase indicating a spatial relation. In this 

sentence-completion task (e.g. He is sitting … the chair.), 

which requires comprehension of spatial prepositions for 

accurate completion, the stimuli consisted of 20 sentences. 

Examples of spatial prepositions that were required to cor-

rectly complete the sentences included: in, on, below, on 

top of, in front of, among others. The experimenter read 

each sentence making a pause for a missing preposition. 

The task was to say which preposition was missing, after 

the sentence was read.

Experiment 4 tested participants’ comprehension of 

sentences with spatial metaphors. In this picture-meta-

phor matching task, 14 pairs of drawings were created for 

a selection of 14 sentential spatial metaphors, such as He 

is following in his father’s footsteps. Crucially, one drawing 

depicted the literal meaning and the other drawing de-

picted the figurative meaning of the sentence (Figure 1). 

The two drawings of each pair were equal in size and posi-

tioned next to each other, with the metaphorical sentence 

written above them. The experimenter read the sentence. 

The task was to decide which drawing was a better match 

for the sentence. The drawings depicting literal and meta-

phoric meanings were presented on the left vs. right side 

equal number of times, in a randomized order. 

Before each experiment, the patient completed two to 

four practice trials to demonstrate that he understood the 

task. The time to respond was not limited in any of the 

experiments. The patient was tested in a quiet room at his 

home, in a single session. The study took about 2 hours 

to complete. 

Figure 2. ZG’s drawing of a clock face from memory 
(above) and his copy of a cube (below).  

Figure 1. Picture-metaphor matching task: “He is following in his father’s footsteps.“
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RESULTS

Evaluative measures. ZG achieved maximum scores on 

all subtests of the aphasia screening test, except for reading, 

where he failed to read the first two letters in 50% of words 

and was not able to correctly read sentences. It is likely that 

the reading difficulty was due to spatial neglect and that cor-

rectly reading half of the words stimuli involved a strategy 

of relying on lexical knowledge, which overruled the effects 

of neglect on perception of letters (20). This strategy was 

clearly ineffective in reading sentences. 

ZG’s score on MoCA was 20/30, revealing difficulties 

in visuo-spatial, executive, and memory subtests. Figure 2 

illustrates lack of detail, consistent with spatial neglect, on 

the left side of ZG’s copy of the cube and especially on the 

clock drawing, which has correct time setting but contains 

visuo-spatial errors. 

ZG’s score on the verbal working memory test was 9/20. 

The results of this test show that he was able to remember 

the names of three to four months long enough to correctly 

report which months appeared in a particular string, but 

he was not able to reorder them canonically before report-

ing them back, as required by the task, except in the se-

quences consisting of two and three months. This indicates 

a limitation of verbal working memory capacity (18). 

Finally, ZG scored 24/36 on Raven’s Progressive Color 

Matrices, achieving 6/12 on component A, 7/12 on com-

ponent A
B 

and 11/12 on component B. The tasks in these 

components differ in the sense that some may be solved by 

relying purely on visual-pattern matching skills, whereas 

others require relational reasoning (21), which is more rel-

evant for language processing (7). ZG’s scores on this test 

indicate that his visual-pattern matching abilities are im-

paired, as also indicated by the subtests of MoCA, whereas 

his relational reasoning is well-preserved. 

Experimental measures. ZG demonstrated good 

comprehension of spatial metaphors (13/14; 92.8%) 

and basic spatial relations (14/14; 100%). The modi-

fied t test, designed for comparing an individual case 

to a small control sample (22), revealed no statistically 

significant differences between ZG’s performance and 

the control group’s performance on the test of spatial 

metaphors (p = 0.08, one-tailed) and spatial relations (p 

= 0.35, one-tailed). However, ZG’s use of spatial prepo-

sitions in literal sentences and his score on the spatial 

working memory test were considerably different from 

the scores of the control group (spatial prepositions: p 

= 0.006, one-tailed; spatial working memory: p < 0.005, 

one-tailed).

DISCUSSION 

The main finding of our study is that the comprehension 

of familiar sentence-level metaphors with spatial terms is 

preserved in the presently studied patient, in whom stroke 

affected the right temporo-parietal region. This finding is 

consistent with the view that the left hemisphere may sup-

port comprehension of familiar sentence-level metaphors 

either by default or by compensation when the right hemi-

sphere is injured. 

ZG’s performance pattern does not resemble the pat-

tern of sentence-level metaphor comprehension in RH-

damaged patients found by Winner & Gardner (1977), i.e. 

impairment in picture-metaphor matching. ZG’s meta-

phor comprehension is also unlike the comprehension 

pattern of Van Lancker and Kempler’s (13) RH-damaged 

patients, who could not comprehend familiar phrases. Fi-

nally, ZG’s clinical profile is very similar to the profile of 

patient 444DX from the Ianni et al. (14) study: they both 

have RH damage, normal language, but compromised 

memory, executive function and visuo-spatial abilities. 

Yet, they exhibit different metaphor comprehension pat-

terns: 444DX could not comprehend moderately familiar 

sentence-level metaphors and literal sentences, which in-

dicates a general sentence level impairment. In contrast, 

ZG’s comprehension of metaphoric sentences was good 

relative to the control group. 

Furthermore, ZG comprehended well object-to-

object spatial relations. Since there were only two ob-

jects per trial in this task, there was no “clutter” in the 

scene, a factor that is disruptive to spatial processing in 

patients with neglect (23). Although both neglect and 

hemianopia are common following RH damage, there 

are important differences between the two conditions. 

Briefly, hemianopia or visual field deficit is a sensory 

loss caused by damage to the primary visual pathways 

running between the optic tract and striate cortex, 

whereas neglect refers to inability to attend to contral-

esional space, due to cortical lesion (24, 25). Crucially, 

while the boundary between the intact and blind field 

in hemianopia is typically perceived as a “cliff ”, the vi-

sual loss in neglect is more gradual and the size of the 

neglected field appears to depend on the features of the 

scene (26). 

An alternative explanation of ZG’s comprehension of 

object-to-object spatial relations is grounded in recent 

fMRI findings from healthy adults, which point to a bilat-

eral fronto-parietal network supporting both allocentric 

and egocentric frames of reference, with the former being 

more associated with activation in the right parietal lobe, 

in addition to the bilateral ventrolateral occipito-tempo-

ral cortex and the bilateral hippocampal formation (4). If 

the network of areas that supports allocentric representa-

tions is much wider than the right parietal region, func-

tional compensation might have been mediated by these 

additional areas, resulting in ZG’s good performance on 

this task. Thus, our data is aligned with the network ap-

proach to spatial processing, according to which lesions 

to only posterior parietal region of the right hemisphere 

cause mild spatial neglect that may not be apparent in 

spontaneous behavior (2). The network approach to com-

plex functions such as directed attention, memory and 
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language offers a more plausible explanation of cognitive 

deficits caused by a stroke than the approach that seeks 

to determine one-to-one brain-function mapping. One 

reason is that stroke lesions are typically large, affecting 

more than one brain area and often spreading subcorti-

cally to deep grey matter and white matter. 

Our findings are also compatible with a model ac-

cording to which the right temporal lobe and basal gan-

glia injury contribute to chronic spatial neglect (27), 

because both regions were affected in ZG. The model 

further postulates damage to specific white matter 

(WM) tracts in relation to spatial neglect. In the absence 

of data on WM for the present study, we cannot speak of 

whether WM lesion contributed to ZG’s condition, but 

the possibility remains that in addition to the cortical 

and subcortical grey matter lesions, white matter was 

also damaged. The most probable candidate tract would 

be the superior longitudinal fasciculus (SLF), more spe-

cifically (parietal portion of ) segment II, which connects 

inferior parietal and prefrontal regions (28). Damage to 

this specific tract has been associated with spatial ne-

glect (29). Furthermore, lack of cortical damage to the 

left prefrontal areas that support working memory can-

not explain ZG’s poor performance on spatial and verbal 

working memory tests. However, abnormal functional 

and/or structural connectivity within the fronto-pari-

etal network is likely to contribute to these deficits, de-

spite the cortical remoteness of intact prefrontal areas 

from the lesion areas. This explanation gains plausibility 

in the context of recent fMRI and repetitive transcranial 

magnetic stimulation findings that implicate Brodmann 

area 6—which is one of termination loci of SLF seg-

ment II—in updating verbal (medial BA 6) and spatial 

representations (lateral BA 6 in both hemispheres) (30). 

It appears then that possible damage to this tract could 

explain ZG’s working memory problems, both spatial 

and semantic, which raises intriguing questions on lat-

eralization of the neural substrates for verbal and spatial 

working memory.

One limitation of the present study is related to the 

fact that the patient did not undergo scanning imme-

diately prior to his taking part in the present study and 

therefore we cannot fully exclude the possibility point-

ed out by an anonymous reviewer that other ischemic 

strokes might have taken place during the time preceding 

the actual study. However, the neurological follow-ups 

and patient’s once-a-month visits to the general practitio-

ner provide no evidence for further deterioration of his 

cognitive functions.

CONCLUDING REMARKS

In conclusion, we studied comprehension of spatial met-

aphors in a right-handed patient who had previously suf-

fered a RH stroke in temporo-parietal region. We found that 

his comprehension of spatial metaphors was intact as well 

as his comprehension of spatial relations in the allocentric 

frame of reference. However, his spatial working memory 

was less preserved, even though it did not affect his perfor-

mance on the type of spatial tasks used in the present study. 

This deficit may have a bigger impact on more complex spa-

tial tasks, in which several spatial variables need to be stored 

and manipulated at the same time, or on visuo-spatial search 

of “cluttered” scenes that requires the ability to keep track of 

already searched points, which is difficult for patients with 

spatial neglect. Regardless, our study provides further evi-

dence for the link between spatial working memory deficit 

and spatial neglect (23). 

Finally, our data indicate that heterogeneity in behav-

ioral output after RH stroke may be explained by the differ-

ences in the degree of damage to the network regions and 

their connections. Future studies will investigate how focal 

and diffuse lesions in the relevant networks contribute to 

dysfunction of spatial language, testing hypotheses on the 

role of spatial working memory in linking the domains of 

space and language. 
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ABSTRACT

Peritonitis remains a major complication of peritone-

al dialysis which is usually caused by saprophytic gram 

positive microorganisms originated from skin.  Here, I 

report an unusual case of peritonitis due to Moraxella 

catarrhalis. 

A male, 59 age, on peritoneal dialysis modality because 

ESRD due to diabetic nephropathy was admitted to our hos-

pital due to CAPD peritonitis. After initial empiric treat-

ment and identifi cation of this infrequent causer, he was 

submitted to two week antibiotic treatment with complete 

recovery and good prognosis.

Peritonitis is the major cause of peritoneal dialysis failure 

which requires prompt recognition of the causative agent for 

successful treatment.

Keywords: peritoneal dialysis, peritonitis, diabetic ne-

phropathy, treatment
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SAŽETAK

Peritonitis predstavlja najozbiljniju komplikaciju lečenja 

peritoneumskom dijalizom i obično je prouzrokovan gram 

pozitivnim komensalnim mikroorganizmima sa kože. U na-

šem radu prikazujemo slučaj peritonitisa izazvan neuobiča-

jenim  uzročnikom Moraxella catarrhalis. 

Muškarac star 59 godina, na programu lečenja perito-

neumskom dijalizom zbog terminalne bubrežne slabosti iza-

zvane dijabetesnom nefropatijom primljen je u našu bolnicu 

zbog CAPD peritonitisa. Nakon inicijalno sprovedene empi-

rijske terapije i identifi kacije ovog retkog uzročnika, naredne 

dve sedmice je sprovedeno ciljano lečenje prema antibiogra-

mu sa kompletnim oporavkom pacijenta.

Peritonitis kao najozbiljnija  komplikacija peritoneumske 

dijalize zahteva brzu i optimalnu  identifi kaciju uzročnika 

radi uspešnog lečenja.

Ključne reči: peritoneumska dijaliza, peritonitis, dija-

betesna nefropatija, lečenje

INTRODUCTION

Peritoneal dialysis is ESRD treatment modality  com-

plementary with hemodialysis and kidney transplantation, 

based on simultaneous daily exchanges over peritoneal 

catheter (1). The main complication of these home dialysis 

modality is peritonitis. Based on the latest reports of  In-

ternational Society for Peritoneal Dialysis, death outcome 

is presented in less than 5% of total peritonitis episodes, 

but indirectly it is contributing factor for death outcome 

in 16% of peritoneal dialysis patients (2). Also, peritonitis 

is strongly associated with significant morbidity- transient 

loss of ultrafiltration, possible permanent membrane dam-

age and transfer to hemodialysis (3-5). The most frequent 

causers are gram positive organisms originated from the 

skin (coagulase negative staphylococci) and less often 

gram negative organisms and fungi (6). Here, I report a 

case of peritonitis caused by Moraxella species. Until now, 

on the basis of relevant literature data, there were only 8 

published cases of peritonitis due to this pathogen (7-13).
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CASE REPORT

A insulin depended diabetic male, 59 age, on peritoneal 

dialysis over 12 months due to end-stage renal disease, 

was admitted to our hospital because of strong abdominal 

pain followed by cloudy peritoneal fluid. His medical his-

tory excluded previous episodes of peritonitis and exit site 

infections. He conducts four daily exchanges with fill vol-

ume of 2000ml (PET test showed  d/p creatinine 0.62 -low 

average transport status) - 3x1.36%, with night exchange 

with 2.27% of glucose. He uses conventional solutions (Di-

anel®; Baxter), and he has satisfied parameters of dialysis 

adequacy -KT/V was 2.1, weekly creatinine clearance  was 

72.6 l/7 days; he also has preserved residual diuresis (ap-

proximately 1250-1500 ml/24hours).

Actually, initially analysis of blood sample showed C-

reactive protein level 129 mg/dL, dialysis fluid showed 

266 cell’s elements and Gram stain of the fluid showed 

white blood cells. He was immediately started on empiri-

cal therapy -cefazolin and amikacin (our center specific 

initial treatment protocol for patients without residual re-

nal function). After 48 hours, pains were reduced; effluent 

became purified with regression of fluid’s WBC count (86 

elements) when he discontinued aminoglycosides. Initial 

antibiotic susceptibility testing was unsuccessful due to 

the slow bacterial growth, but the culture was identified 

after 5 days as Moraxella catarrhalis (BacT/Alert). The 

organism was sensitive to ampicillin, amoxicillin/clavu-

lanate, cefazolin, ceftazidime, ceftriaxone, erythromicin, 

trimethoprim/sulfamethoxazole and tetracycline, but it 

was resistant to vankomicin. Treatment with cefazolin 

was continued for 14 days which resulted in recovery of 

the patient’s symptoms and complete healing of perito-

nitis (peritoneal fluid WBC count and culture became 

negative after 7 days, CRP level completely normalized 

after 10 days). We did not find the source of infection (na-

sal, sputum and exit site culture results were negative; US 

scan of the catheter’s tunnel and X ray of lungs were cor-

rect). Repeated cultures of peritoneal fluid over the next 

3 months have remained negative. Patient was continued 

on CAPD in good clinical condition.

DISCUSSION

Moraxella species are gram negative, aerobic catalase 

negative, oxidase-positive diploccocci which were first de-

scribed in 1896. Human beings are exclusive hosts of this 

organism which is normally present in the oropharynx, 

mucous membranes, skin, and genital tract - almost 75% 

of children and 1-3% of healthy adults are carriers of the 

bacterium (14). These organisms usually cause respiratory 

tract infections but can also cause bacteraemia, meningitis, 

suppurative arthritis, osteomyelitis, endocarditis, keratitis, 

periorbital cellulitis and urethritis (15-20). 

Until now, there were only 8 published cases of peri-

tonitis due to this pathogen (7-13). Identification of these 

organisms requires culture on blood or chocolate agar 

plates and usually takes 24 to 48 hrs. Most strains (>90%) 

are susceptible to penicillin with exception of Moraxella 

catarrhalis which is susceptible to amoxicillin-clavulanate, 

expanded-spectrum or broad-spectrum cephalosporins, 

tetracyclines, rifampin and erythromycin (15-18, 21). Em-

pirical choice of antibiotic therapy with cephalosporins 

which is recommended by the International Society of 

Peritoneal Dialysis guidelines/recommendations is suffi-

cient and appropriate for the initial treatment of Moraxella 
related peritonitis (1). Further treatment should be contin-

ued with an appropriate antibiotic for 14 days, based on 

ISPD recommendations.

CONCLUSIONS

Peritonitis remains a most serious complication of 

peritoneal dialysis. Accurate and prompt identification 

of the causative organism, along with previous starting 

of appropriate empiric treatment, is necessary for posi-

tive outcome of this complication of peritoneal dialysis 

patients.

I have presented a case of infrequent Moraxella ca-

tarrhalis peritonitis and commented on the methods of 

diagnosis and appropriate treatment without catheter re-

moval.
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the Hel sin ki Dec la ra tion. Ha zar do us pro ce du res or che mi-

cals, if used, should be de scri bed in de ta ils, in clu ding the 

sa fety pre ca u ti ons ob ser ved. When ap pro pri a te, a sta te-

ment should be in clu ded ve rifying that the ca re of la bo ra-

tory ani mals fol lo wed ac cep ted stan dards.

Sta ti sti cal met hods used should be outli ned.

RE SULTS

Re sults should be cle ar and con ci se, and in clu de a mi-

ni mum num ber of ta bles and fi gu res ne ces sary for pro per 

pre sen ta tion.

DI SCUS SION

An ex ha u sti ve re vi ew of li te ra tu re is not ne ces sary. The 

ma jor fin dings sho uld be di scus sed in re la tion to ot her pu-

blis hed work. At tempts sho uld be ma de to ex pla in dif fe-

ren ces bet we en the re sults of the pre sent study and tho se 

of the ot hers. The hypot he sis and spe cu la ti ve sta te ments 

sho uld be cle arly iden ti fied. The Di scus sion sec tion sho uld 

not be a re sta te ment of re sults, and new re sults sho uld not 

be in tro du ced in the di scus sion.

ACKNOWLEDGMENTS

This section gives possibility to list all persons who con-

tributed to the work or prepared the manuscript, but did not 

meet the criteria for authorship. Financial and material sup-

port, if existed, could be also emphasized in this section.

ARTICLE REFERENCES – VANCOUVER STYLE

References should be identified in the text by Arabic 

numerals in parentheses. They should be num be red con-

secutively, as they appeared in the text. Personal commu-

nications and un published observations should not be 

cited in the reference list, but may be mentioned in the text 

in parentheses. Abbreviations of journals should conform 

to those in Index Serbian Journal of Experimental and 

Clinical Research. The style and punctuation should con 

form to the Serbian Journal of Experimental and Clinical 

Research style requirements. The following are examples:

Vancouver style

Article in a journal:

You CH, Lee KY, Chey WY, Menguy R. Electrogas-

trographic study of patients with unexplained nausea, 

bloating and vomiting. Gastroenterology 1980;79:311-4; 

DOI:10.2478/s11533-007-0023-3.



95

Book:
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instructions on citing books, journal articles, newspaper ar-

ticles, conference papers, theses, webpages and others. 

Please provide all the required elements in the refer-
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spelling, capitalization and punctuation. Accuracy and 

completeness of references are the responsibilities of the 
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have checked your paper for any relevant references you 

may have missed.

A complete reference should give the reader enough in-

formation to find the relevant article. And most importantly, 

complete and correct references may allow automatic cre-

ation of active links by the MetaPress technology that we use 

for making the electronic version of our journal. Active refer-

ence linking is regarded as the greatest benefit of electronic 

publishing and it adds a lot of value to your publication.
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cation: Publisher.
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Author(s) of chapter. (Year of publication). Chapter ti-
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Roll, W.P. (1976). ESP and memory. In J.M.O. Wheatley 

& H.L. Edge (Eds.), Philosophical dimensions of parapsy-

chology (pp. 154-184). Springfield, IL: American Psychiat-

ric Press.

d. Proceedings from a conference 

Format:
Author(s). (Year of publication). Title. In Conference 

name, Date (Page range). Place of publication: Publisher.

Example:
Field, G. (2001). Rethinking reference rethought. In 

Revelling in Reference: Reference and Information Ser-

vices Section Symposium, 12-14 October 2001 (pp. 59-64). 

Melbourne, Victoria, Australia: Australian Library and In-

formation Association.

e. ebook 

Format:
Author(s). (Year of publication). Title. Publisher. Retrie-

ving date, http address. DOI.

Example:
Johnson, A. (2000). Abstract Computing Machines. 

Springer Berlin Heidelberg. Retrieved March 30, 2006, from 

SpringerLink http://springerlink.com/content/w25154. DOI: 

10.1007/b138965.

f. Thesis

Format:
Author(s). (Year of publication). Title. Information, Pla-

ce of publication. 

Example:
Begg, M. M. (2001). Dairy farm women in the Waikato 

1946-1996: Fifty years of social and structural change. Un-

published doctoral dissertation, University of Waikato, 

Hamilton, New Zealand.

g. Report

Format:
Author(s). (Year of publication). Title. Place of publica-

tion: Publisher. (Report number)

Example:
Osgood, D. W., & Wilson, J. K. (1990). Covariation of 

adolescent health problems. Lincoln: University of Nebras-

ka. (NTIS No. PB 91-154 377/AS)

h. Government publication

Format:
Institution name. (Year of publication). Title. Place of 

publication: Publisher.

Example:
Ministerial Council on Drug Strategy. (1997). The na-

tional drug strategy: Mapping the future. Canberra: Au-

stralian Government Publishing Service.

TA BLES

Ta bles should be typed on se pa ra te she ets with ta ble 

num bers (Ara bic) and ti tle abo ve the ta ble and ex pla na tory 

no tes, if any, be low the ta ble.
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FI GU RES AND FI GU RE LE GENDS

All il lu stra ti ons (pho to graphs, graphs, di a grams) will be 

con si de red as fi gu res, and num be red con se cu ti vely in Ara-

bic nu me rals. The num ber of fi gu res in clu ded should be the 

le ast re qu i red to con vey the mes sa ge of the pa per, and no fi-

gu re should du pli ca te the da ta pre sented in the ta bles or text. 

Fi gu res should not ha ve ti tles. Let ters, nu me rals and sym-

bols must be cle ar, in pro por tion to each ot her, and lar ge 

eno ugh to be readable when re du ced for pu bli ca tion. Fi gu-

res should be sub mit ted as ne ar to the ir prin ted si ze as pos-

si ble. Fi gu res are re pro du ced in one of the fol lo wing width 

si zes: 8 cm, 12 cm or 17 cm, and with a ma xi mal length of 20 

cm. Le gends for fi gu res sho uld be gi ven on se pa ra te pa ges.

If mag ni fi ca tion is sig ni fi cant (pho to mic ro graphs) 

it should be in di ca ted by a ca li bra tion bar on the print, 

not by a mag ni fi ca tion fac tor in the fi gu re le gend. The 

length of the bar should be in di ca ted on the fi gu re or in 

the fi gu re le gend.

Two com ple te sets of high qu a lity un mo un ted glossy 

prints should be sub mit ted in two se pa ra te en ve lo pes, and 

shi el ded by an ap pro pri a te card bo ard. The backs of sin-

gle or gro u ped il lu stra ti ons (pla tes) should be ar the first 

aut hors last na me, fi gu re num ber, and an ar row in di ca ting 

the top. This in for ma tion should be pen ci led in lightly or 

pla ced on a typed self-ad he si ve la bel in or der to pre vent 

mar king the front sur fa ce of the il lu stra tion.

Pho to graphs of iden ti fi a ble pa ti ents must be ac com pa-

nied by writ ten per mis sion from the pa ti ent.

For fi gu res pu blis hed pre vi o usly the ori gi nal so ur ce 

should be ac know led ged, and writ ten per mis sion from the 

copyright hol der to re pro du ce it sub mit ted.

Co lor prints are ava i la ble by re qu est at the aut hors 

ex pen se.

LET TERS TO THE EDI TOR

Both let ters con cer ning and tho se not con cer ning 

the ar tic les that ha ve been pu blis hed in Serbian Journal 

of Experimental and Clinical Research will be con si de-

red for pu bli ca tion. They may con tain one ta ble or fi gu-

re and up to fi ve re fe ren ces.

PRO OFS

All ma nu scripts will be ca re fully re vi sed by the pu blis her 

desk edi tor. Only in ca se of ex ten si ve cor rec ti ons will the 

ma nu script be re tur ned to the aut hors for fi nal ap pro val. In 

or der to speed up pu bli ca tion no pro of will be sent to the 

aut hors, but will be read by the edi tor and the desk edi tor.



97



98

CIP - Каталогизација у публикацији

Народна библиотека Србије, Београд

61

 SERBIAN Journal of Experimental and Clinical Research

editor-in-chief Vladimir Jakovljević.

- Vol. 9, N° 1 (April 2008) -

- Kragujevac (Svetozara Markovića 69) :

Medical Faculty, 2008 - (Kragujevac : Medical Faculty). - 29 cm

Je nastavak: Medicus (Kragujevac) = ISSN 1450-7994

ISSN 1820-8665 = Serbian Journal of

Experimental and Clinical Research

COBISS.SR-ID 149695244


	00
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13



