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ABSTRACT

Aim Rosa damascene Mill. belongs to the family of Roseaceae 
and its essential oil is produced in large amounts in Iran. The wide 
application of rose oil has raised questions about potential adverse 
health effects. We have investigated cytotoxic activity and geno-
toxic effects of Rosa oil from Kashan, Iran.

Methods The cytotoxic effect and IC50 of the essential oil on the 
cell lines was studied followed by MTT assay. In this assay mi-
tochondrial oxidoreductase enzymes with reducing the tetrazolium 
dye MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide) reflect the number of viable cells. Genotoxic effect of 
the oil was evaluated by micronucleus assay by evaluating produ-
ced micronuclei due to cytogenetic damage in binucleated lymp-
hocytes.

Results The results showed that essential oil significantly had 
cytotoxic and genotoxic effects at doses over 10µg/mL (p<0.05). 
Also, essential oil of Rose showed lower IC50 in cancer cell line 
(A549) in comparison with the normal cell line (NIH3T3).

Conclusion Cytotoxic and genotoxic properties of essential oil of 
Rose in Kashan, Iran, are safe at a dose of 10µg/mL. Also, a good 
cytotoxic effect was shown and could be introduced as an antican-
cer compound. Further studies are needed with regard to anti-can-
cer effects of Rose essential oil.

Key words: micronucleus assay, MTT, Rose oil
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INTRODUCTION

Iran has a long history in cultivation and consump-
tion of Rosa damascena, and it is known as an im-
portant producer of rose oil in the world (1). Rosa 
damascena Mill. belongs to the family of Rose-
aceae (2). This ornamental is not only known as 
one of the most valuable sources of flavours and 
fragrances in the world, but also it has some appli-
cations in medicine and food industry (3). 
Some evidence showed that Rose oil has some 
beneficial effects in the treatment of various di-
seases like premenstrual breast tenderness, in-
flammatory reactions, gall care and spasms (4). 
It also seems to have antidepressant and relaxing 
effects. It is helpful for long-lasting cough, wo-
und healing, allergies and severe headache (3). 
Some evidence reported various potential adver-
se effects of Rosa damascene (5-7). On the other 
hand, a new study showed that while it is cytotoxic 
in high doses, it did not show genotoxic effects (8). 
The MTT test is an appropriate assay that has 
often been used to investigate cytotoxicity cau-
sed by medical plants (6). It is a rapid, low-cost 
method based on the reduction of yellow te-
trazolium salt, MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide), to dark 
blue formazan in mitochondria of active cells (9). 
Thus, the amount of produced formazan has a di-
rect relation with viable cells (10). 
The micronucleus assay in binucleate human 
lymphocytes is an effective tool to measure cyto-
genetic damage of agents with different mechani-
sms of genotoxicity in vitro (11). Recent studies 
have shown that genomic instability is an early 
event that occurs in some malignancies and it can 
be detected by examination of the peripheral blood 
lymphocytes as a sample of precursor cells (12). 
Different studies reported some differences in 
the composition of Rose oil in various regions 
(8, 13, 14). 
Due to high application of Rose essential oil and 
with regard to the fact that Kashan is one of the 
biggest producers of Rose oil in Iran, this study 
aimed at assessing cytotoxicity of Rosa damasce-
ne Mill.’s essential oil on both normal and cancer 
cell lines using MTT assay and also evaluating its 
genotoxicity on human blood lymphocytes using 
micronuclei assay.

MATERIALS AND METHODS

Essential oil distillation

Flowers were picked by hand before sunrise in 
May 2015 in the city of Kashan (Vidorj region), 
Iran. Botanical identification was confirmed by 
morphologic characteristics at the Department of 
Pharmacognosy, Sari Faculty of Pharmacy. The 
flowers were subjected to steam distillation wit-
hin the same day (400gr fresh flowers in 2.0 L 
water). After 3h hydrodistillation the obtained oil 
was dried using anhydrous sodium sulphate. Pure 
essential oil was stored at 4oC in a dark place (1). 
Dimethyl sulphate (DMSO) was used to dissolve 
essential oil (the final concentration of DMSO 
was not over 1%) (14).

Cell culture

Experiments were carried out with cell lines 
NIH3T3 (non-tumour fibroblast) and A549 (hu-
man NSCLC cell line) (Pasteur Institute of Iran, 
Tehran, Iran).
Cells were cultured in Dulbecco’s Modified Ea-
gle Medium (DMEM) (Gibco-BRL, Germany) 
with 10% fetal bovine serum (Gibco-BRL, Ger-
many) and 100µg/mL streptomycin (Gibco-BRL, 
Germany) and 100IU/mL penicillin (Gibco-BRL, 
Germany). Cell cultures were adjusted to allow 
for exponential growth.

MTT assay

The protocol was adapted from the method des-
cribed by Shokrzadeh et al. (15). 
Cells (104 cells) were cultured with 200 µL 
DMEM/F12 medium containing bovine serum in 
96 wells plate and incubated in 37 °C for 24 hours.
Stock solutions of Rose oil and cisplatin (a plati-
num coordination complex with potent anti-neo-
plastic activity induces apoptosis in cancer cells, 
possibly via caspase-3 activation) (16) were pre-
pared in DMSO (1%) and phosphate buffered sa-
line (PBS), respectively.
After 48 hours of cell incubation with different 
doses of essential oil (1, 10, 50, 100, 150 and 200 
µl), 20µL MTT solution (5 mg/mL) was added to 
each well. After 4 hours incubation at 37oC, the 
formazan was dissolved in DMSO. Finally the 
optical density (OD) of wells was measured on 
a micro plate ELISA reader at 570 nm. All expe-
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riments were performed twice and each experi-
ment was run in triplicate, and mean values were 
recorded.
A linear relation between cell viability and OD of 
each well is an exact determination of cell proli-
feration (17). The percentage of cell viability was 
calculated using the equation (18): [Mean (OD) 
of treated cells/mean OD of control cells (1% 
DMSO)]×100

Micronucleus assay

Fresh blood was collected from 10 healthy, no 
smoking, no alcoholic, male donors aged betwe-
en 25-35 years by venepuncture in heparini-
zed falcons; 0.5 mL of whole blood was added 
to 4.5mL of Roswell Park Memorial Institute 
(RPMI) culture medium 1640 supplemented 
with fetal bovine serum containing L-glutamin, 
antibiotics and phytohemagglutinin (PHA), and 
different doses of Rose oil (1, 10, 50, 100, 150 
and 200 µL) were added. Cytochalasin B (Cyt-B) 
(Sigma, MO, USA) at the final concentration of 
6µg/mL was added at 44h post PHA stimulation. 
Cyt B prevents complete cytokinesis in mito-
sis, thus causing an appearance of multi-nucle-
ar cells (19). 
The binucleated lymphocytes were harvested 28 
hour after adding Cyt-B, they were treated by 
hypotonic KCl (0.075M) to red blood cell (RBC) 
lysis. Then fixative solution (methanol: acetic 
acid= 6:1) was added to the cells prior to slide 
preparation and staining. For slide preparation 
2-3 drops of cell suspension were thrown on a 
clean slide. The slides were stained with Giemsa 
solution (4%) for 7-10 mins. They were obser-
ved at 40× and 100× magnifications using a light 
microscope to estimate mitotic index (the cells 
with 2 or more nuclei per 1000 observed cells) 
and micronuclei frequency (the number of micro-
nuclei in at least 1000 binucleated cells) (8,20) 
binucleated cells are lymphocytes that were once 
divided by mitosis (21). The experiment was per-
formed twice. Mitotic Index has a direct relation 
with cells’ proliferative activity (8,22). 

Statistical analysis

One way analysis of variance and tukey’s 
honestly significant differences (HSD) test were 
used for multiple comparisons of data. A p value 

less than 0.05 was considered as significant. The 
IC50 (half maximal inhibitory concentration) va-
lues were calculated by PRISM software using 
nonlinear regression. Standard deviations repre-
sent average results of double experiments. The 
IC50 values were compared using the student’s 
T-test measuring the effectiveness of a substance 
to cause cell death or inhibit cell growth. So the 
lower amount of IC50 represents a higher toxi-
city of a compound, which leads to death or inhi-
bition of cell growth (23). 

RESULTS

During this study 0.2 mL essential oil of 1200 gr 
Rose flowers was produced. Comparing the results 
in both MTT and micronucleus tests, data showed 
no significant difference between DMSO control 
group and the control without DMSO (Figures 1-4).

Figure 1. Effect of Rosa damascene essential oil on A549 cell 
viability *significant difference compared to the control group 
(p<0.05)

Figure 2. Effect of Rosa damascene essential oil on NIH3T3 
cell viability *significant difference compared to the control 
group (p<0.05)

The MTT test with increasing doses of oil showed 
a decrease in viability in both normal and cancer 
cells, A549 and NIH3T3, respectively (Figures 1, 
2). It seems that the dose of 1 and 10 μg/mL in both 
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cell lines did not observe toxic effects (the absence 
of a significant difference with the DMSO control 
group). However, at higher doses there was a signif-
icant difference between the group affected by rose 
oil and the control group (p<0.05) (Figures 1, 2).
The IC50 values were significantly different in 
the A549 and NIH3T3 cell lines between rose oil 
(36.43±3.373 and 42.93±0.502, respectively) and ci-
splatin (8.068±2.670 and 16.67±2.212, respectively) 
groups (p=0.0010 and p=0.0014, respectively).
The effect of different doses of rose oil on the 
frequency of micronuclei in binucleated lympho-
cytes is shown in Table 1. While the frequency of 
micronuclei in concentrations of 1 and 10 μg/mL 
was not much different from the control group, 
the amount  in higher concentrations, of 50-200 
μg/mL, was significantly more increased than in 
the control group (p<0.05) (Figure 3).

The mitotic activity in the cells affected by the 
rose oil represents an obvious toxic effect at con-
centrations higher than 10 μg/mL (p<0.05 com-
pared to control DMSO group) (Figure 4).

DISCUSSION

The results of this study indicate that the Rose es-
sential oil of Kashan, Iran, at doses higher than10 
μg/mL had obvious cytotoxic and genotoxic ef-
fects. The material in both normal and cancerous 
cell lines caused damage and cell death. Also, our 
findings showed that DMSO in the concentration 
of 1% had no significant effect on the cells.  These 
findings are similar to previous studies (14).
Based on the results of the MTT test, the sensi-
tivity of cancer cells to rose oil was significantly 
higher than that of normal cells. This may be 
due to cancerous cells malfunction, impairment 
disorders in immune cells process or increased 
permeability and absorption by them due to the 
high proliferation rate (24). In a recent study 
conducted in 2014 by Heba et al., phenyl ethanol 
blend in Rose essence is reported to have an anti-
cancer activity (8). Rose oil is a matter of gross 
and includes various pharmaceutical compounds, 
with each of them having distinct effects (24). 
Recent surveys showed that the presence of ter-
penes in essential oils is able to change the nature 
of the cell membrane (25). This disturbs the equi-
librium concentration of intracellular electrolytes 
and ultimately causes cell death (26). 
In the study of Loghmani-Khouzani et al. (14) 
carried out on Rose in Kashan, using gas chroma-
tography/mass spectroscopy (GC/MS) of flower 
essential oil, more than 95 different compounds 
were identified; the most frequently identified 
components were β-citronellol (32.49%), nona-
decane (23.99%), geraniol (18.12%) and heni-
cosane (9.64%), followed by eicosane (1.29%), 
linalool (0.29%), methyl eugenol (0.55%) and 
many other compounds.
It seems that phenolic compounds in this oil thro-
ugh one of two mechanisms of interaction with 
energy-generating enzymes or protein denaturati-
on leading to cell death (27). Geraniol is the main 

Concentration (μg/mL)

Micronuclei frequency Control Control
(1% DMSO) 1 10 50 100 150 200 Colchicine

0.1µM
Mean±SD (% of control) 0.70±0.80 0.60±0.69 0.80±0.62 1.00±0.79 5.30±1.22 5.80±1.15 6.40±1.31 8.20±1.80 10.30±2.25

Table 1. Micronuclei frequency in different doses of rose essential oil, normal control and colchicine treated cultures

Figure 3. Micronuclei frequency in different doses of rose es-
sential oil, normal control and cholchicin treated cultures
*significant difference compared to the control group (p<0.05)

Figure 4. Mitotic index of peripheral blood lymphocytes in 
different doses of rose essential oil, normal control and col-
chicine treated cultures *significant difference compared to the 
control group (p<0.05)

Shokrzadeh et al. Rose oil cytotoxic and genotoxic effect
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ingredient in Rose and is a monoterpene alcohol 
which causes an increase in cell sensitivity to 
certain toxic substances by reducing the amount 
of thymidilatesyntase (TS) and thymidine kinase 
(TK) enzymes in colon cancer cells (8). Previous 
research has shown the essential oils by internal 
and external changes in mitochondrial membrane 
fluidity thus increasing their permeability; indu-
ced cell death by both apoptosis and necrosis (24). 
Also the inhibitory effects of methylated eugenol 
on some cancer cells have been reported (28). 
The other results of our study included the ability 
of Rose essence in micronuclei creation inducti-
on in peripheral blood lymphocytes. Micronuclei 
induction is generally recognized as a factor for 
chromosome damage (19, 29). 
In previous studies, the sensitivity of lymphocytes 
isolated from peripheral blood has been reported 
into chemicals more than the lymphocytes of the 
blood as whole blood. This is due to the presence 
of some protective factors in the blood and also 
other targets rather than lymphocytes are known 
for the chemical (19). Since all of these targets 
and protective factors are in the human body’s 
peripheral blood, it was decided in this study to 
use whole blood cultures for further similarity of 
test conditions with the human body (19). 
High rate of hydrocarbons and the presence 
of a minor amount of monoterpenes (linalool 
0-0.29%) can prevent the activity of DNA gyrase 
enzyme thereby causing the genetic damage (30).
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ABSTRACT

Aim To compare finding of thyroid gland scintigraphy with serum 
concentration of parathyroid hormone in patients undergoing he-
modialysis. 

Methods This retrospective-prospective study included 50 pati-
ents undergoing hemodialysis with established hyperparathyroi-
dism who were treated at Cantonal Hospital Zenica in the period 
2009 – 2014. Besides anthropological data, concentration of pa-
rathyroid hormone in serum of patients was monitored too. Scin-
tigraphy was performed at the Department of Nuclear Medicine 
using two-headed gamma camera Prism 2000xp.

Results Of the total number of 50 patients, 24 (48%) were males 
and 26 (52%) were females. The average age was 49.34±11.82 
years. A total of 17 (34%) patients had normal findings of scin-
tigraphy, 11 (22%) had mildly pronounced uptake of radiophar-
maceuticals (score of 1), 14 (28%) had moderately pronounced 
uptake (score of 2), and eight (16%) had intensive uptake of radi-
opharmaceuticals (score of 3). A statistically significant difference 
was established in the length of hemodialysis treatment and scinti-
graphy finding (p=0.041).  

Conclusion Scintigraphy of parathyroid glands in patients under-
going hemodialysis allows us to select them for parathyroidec-
tomy. Scintigraphy of parathyroid glands and a value of parathor-
mone in serum should be incorporated into the test algorithm for 
patients with secondary hyperparathyroidism caused by chronic 
kidney disease.

Key words: chronic kidney disease, hyperparathyroidism, pa-
rathyroidectomy
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INTRODUCTION

The term “chronic kidney insufficiency” is used 
to denote terminal (fifth) stage of chronic kidney 
disease (1). With progression of kidney damage, 
chronic kidney weakness is developed and leads 
to progressive disruption of homeostasis in bone 
mineral turnover, which is manifested by an ab-
normal concentration of phosphorus and calcium 
in serum and tissues, as well as changes in con-
centrations of individual circulating hormones, 
parathyroid hormone (PTH) (2,3). Due to redu-
ced phosphorus excretion by kidneys, hyperfunc-
tion of parathyroid glands occurs (4). Secondary 
hyperparathyroidism is developed and it influ-
ences the metabolism of calcium and balance of 
bone degradation and formation (5).
Parathyroid glands constantly stimulate creation 
of PTH and with time they acquire an increasing 
volume (6).
Hypercalcemia occurs as elevated levels of pa-
rathyroid hormone concentration in serum, which 
results in increased mobilization of calcium from 
bones mediated by osteoclasts, increased re-
absorption of calcium in kidney glomeruli, incre-
ased gastrointestinal reabsorption of calcium and 
1,25 dihydroxyvitamin D and increased secretion 
of phosphate in urine, hence hypophosphatemia 
appears in serum (7-9).
Secondary hyperparathyroidism represents one 
of the leading complications in patients under-
going hemodialysis, which occurs due to dis-
order of level regulation of serum phosphorus 
(PO4), calcium (Ca), PTH and (tissue) vitamin 
D. The disease is characterized by disorder of 
parathyroid glands, which are responsible for se-
cretion of parathyroid hormone. Long-lasting se-
condary hyperparathyroidism is associated with 
cardiovascular complications and kidney oste-
odystrophy (10).
When the function of parathyroid glands is 
increased, it cannot be reduced in any way, and 
the disease that causes it has advanced, it is re-
commended to undergo an operation which im-
plies extracting glands (11-13).
Parathyroid gland scintigraphy is an imaging 
method that shows, by means of radiopharmace-
utical Tc-99 MIBI, abnormal tissue of parathyro-
id glands (14). Successful parathyroidectomy 
depends on recognition and surgical removal of 

all hyperfunctional parathyroid glands. Scree-
ning is not used to establish the diagnosis (15). 
Increased Ca in plasma and PTH are sufficient. 
Scintigraphy does not identify normal parathyro-
id glands which are small to be seen (20-50mg). 
Scintigraphy detects abnormal parathyroid glan-
ds, it determines size and precisely defines a re-
lation with the thyroid gland. Also, scintigraphy 
detects ectopic glands (16).
With PTH concentration in patient’s serum, scin-
tigraphy is used as a screening method for the 
assessment of functional status of parathyroid 
glands and as an important diagnostic procedure 
in preoperative evaluation of patients with hyper-
parathyroidism (17-21).
The control of parathyroid glands has not been 
automatic so far, therefore, the patient and his/her 
doctor have to get actively involved into solving 
the problem that has arisen.
The world prevalence of chronic kidney disease 
(CKD) from the third to fifth stage is 5% or 50,000 
(cases) per one million inhabitants, while the pre-
valence of the end-stage of kidney insufficiencies 
is 0.1%, or more than 100 new dialysis patients 
per one million of the population annually (18). 
Due to unregulated value of phosphorus in hemo-
dialysis patients, kidney osteodystrophy occurs 
(18). In this research we wish to highlight the im-
portance of regular monitoring of calcium, phosp-
horus and parathyroid hormone and to compare it 
with scintigraphic finding, which facilitates access 
to the surgeons and saves their time, especially in 
detecting ectopic parathyroid glands.
The aim of this study was to compare findings of 
parathyroid gland scintigraphy with the serum con-
centration of parathyroid hormone, calcium and 
phosphorus in patients undergoing hemodialysis. 

PATIENTS AND METHODS 

Patients and study design

The retrospective-prospective study included all 
patients undergoing hemodialysis with establis-
hed hyperparathyroidism who were treated at 
Cantonal Hospital Zenica (covering 12 munici-
palities with a total of 400,000 inhabitants), Bo-
snia and Herzegovina (B&H), in the period 2009 
– 2014 (retrospectively from 2009 to 2012, and 
prospectively from 2012 to 2014). A total of 50 
patients was included. Besides anthropological 
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data (age, gender), concentration of parathyroid 
hormone in serum of patients as well as of calci-
um and phosphorus was monitored.
The research was approved by the Ethics Com-
mittee of the Cantonal Hospital Zenica. 

Methods

A concentration of PTH in plasma of patients was 
determined by chemiluminescent enzyme immu-
noassay test (intact PTH) (Immulite 2000 immu-
noassay analyzer, Berlin/Germany Siemens). 
Reference value for parathormone of 9.25-7.5 
pg/m was used. Serum levels of calcium and phos-
phorus were routinely determined in the clinical 
laboratory with automated equipment by using 
colorimetric method and quality control of stan-
dard. Reference values for calcium were 2.14-2.65 
mmol/L and for phosphorus 0.87-1.45 mmol/L.
Scintigraphy was performed at the Department of 
Nuclear Medicine of the Cantonal Hospital Ze-
nica by using two-headed gamma camera Prism 
2000xp, according to the standard protocol with 
the application of 99m Tc-MIBI. Model PRISM 
2000 XP is gamma camera, with computer con-
sole Philips and software version Odyssey (Cle-
veland, U.S.A., 1997). A degree of scintigraphy 
was determined as per intensity of radiophar-
maceuticals accumulation (22): normal (score 
1), moderately pronounced (score 2), intensive 
accumulation of radiopharmaceuticals (score 3).

Statistical analysis

For the description of the sample depending on 
nature of data, adequate methods of classical 
descriptive statistics were used: arithmetic mean 
(AM), standard deviation (SD), median (Med.), 
interquartile range (25.perc. and 75.perc.), abso-
lute frequency (N) and relative frequency (%). 
The level of significance was <0.05.

RESULTS

Of the total number of 50 patients included in 
this research 24 (48%) were males and 26 (52%) 
were females. 
The age of males was 48.25±11.62 and 50.34± 
12.14 (p=0.537) of females. 
The average length of hemodialysis treatment 
was 8.45±3.94 years in males and 9.00±5.16 ye-
ars in females (p=0.537). 
Of the total number of 50 patients 17 (34%) 
had normal finding of scintigraphy, 11 (22%) 
had mildly pronounced accumulation of radiop-
harmaceuticals (score 1) (average age of 46.45 
years), 14 (28%) had moderately pronounced 
accumulation of radiopharmaceuticals (score 2) 
(average age of 47.71 years), while eight (16%) 
patients had intensive accumulation of radiop-
harmaceuticals (score 3) (53.00 years). No stati-
stically significant difference was established in 
gender and age of patients in relation to degree of 
scintigraphic finding (p=0.595) (Table 1).
A statistically significant difference was establis-
hed in the duration of hemodialysis treatment and 
scintigraphy finding: patients who had longer he-
modialysis treatment had worse scintigraphy fin-
ding (p=0.016).
The average value of PTH in patients who had a 
regular scintigraphy was 605.17pg/m, in patients 
with mild accumulation of radiopharmaceuticals 
1068.90 pg/m, in patients with moderate accumu-
lation of radiopharmaceuticals 1575.00pg/m, whi-
le in patients with intensive accumulation of radi-
opharmaceuticals it was 1830.12pg/m (p=0.001). 
The average value of calcium in patients who had 
a regular scintigraphy was 2.23 mmol/L, in pati-
ents with mild accumulation 2.12 mmol/L, in pa-
tients with moderate accumulation 2.23 mmol/L, 
while in patients with intensive accumulation of 

Parameter Scintigraphy finding No. of patients Value SD SEM 95% CI Min. Max.

Age  (years)

Normal 17 50.82 13.56 3.29 43.84-57.79 20.00 67.00
Mild 11 46.45 11.57 3.49 38.67-54.23 31.00 64.00

Moderate 14 47.71 10.35 2.76 41.73-53.69 25.00 66.00
Intensive 8 53.00 11.32 4.00 43.53-62.46 41.00 74.00

p=0.595

Duration of hemodialysis 
treatment (years)

Normal 17 6.45 4.65 1.12 5.07-9.86 2.00 23.00
Mild 11 7.47 3.11 0.93 4.36-8.54 3.00 12.00

Moderate 14 10.14 3.52 0.94 8.10-12.17 5.00 18.00
Intensive 8 12.12 5.59 1.97 7.45-16.79 2.00 19.00

p=0.016

Table 1. Average age of patients and duration of hemodialysis treatment in relation to scintigraphy finding

SD, standard deviation; SEM, Standard Error of Mean; Min, minimum; Max, maximum;
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radiopharmaceuticals the average value of calcium 
was 2.42 mmol/L. The average value of phospho-
rus in patients who had a regular scintigraphy was 
2.1224 mmol/L, in patients with mild accumulati-
on of radiopharmaceuticals it was 1.8472 mmol/L, 
in patients with moderate accumulation 2.0921 
mmol/L, and in patients with intensive accumu-
lation of radiopharmaceuticals the average value 
of phosphorus was 2.0938 mmol/L (p=0.069 and 
p=0.788, respectively) (Table 2).

DISCUSSION 

Demographic data of the patients included in this 
research correlate with the results of other rese-
archers. Study released by Resić et al. (23) inclu-
ded 100 patients from Bosnia and Herzegovina 
(55 males and 45 females) who were on chronic 
hemodialysis program, with average age of 52.6 
years, which is in accordance with our research. 
Hadžibulić et al. (24) noticed 59.26%  males and 
40.74% females with average age of 53.16 and 
51.72 years, respectively, and found that length 
of time spent on dialysis for females was statisti-
cally significantly longer, 5.8 years on average, 
comparing to males, 3.4 years. It is not case in 
our research, where the average duration of he-
modialysis treatment was 8.74 years minimum 
and maximum 23 years. No statistically signi-
ficant difference was established in the average 
duration of hemodialysis treatment in relation 
to gender (8.45and 9.00 years in males and fe-
males, respectively) in our research. Kudamija 
et al. (25) found that the average time spent on 
hemodialysis treatment was 8.7 years, which is 
in correlation with our research.

Resić et al. (23) noticed a statistically significant 
difference in the duration of hemodialysis, the 
average duration of dialysis was 6 years, and the 
largest number of patients (62%) was up to 5 ye-
ars on hemodialysis, which is different from the 
results we obtained in the present research. 
The results of this study showed that parathyroid 
hormone values were statistically significantly 
higher in the patients who had worse scintigraphy 
finding than the patients with normal scintigraphy 
finding; average values of calcium and phospha-
te did not statistically significantly differentiate 
in relation to scintigraphic finding. According to 
the literature (17), the percentage of patients on 
dialysis who, according to parathyroid hormone 
values, have an inclination to secondary hyperpa-
rathyroidism is about 32.7%. Secondary hyper-
parathyroidism in chronic kidney disease is cha-
racterized by high level of parathyroid hormone 
which is the key link in the development of bone 
and cardiovascular complications (19).
Reihel et al. (26) suggested that their patients with 
chronic kidney disease, who had been on hemo-
dialysis treatment, had parathyroid hormone va-
lues five times higher than referential values with 
the average value of  625.17 pq/mL. According to 
KDIGO Guidelines, targeted values of parathyro-
id hormone in dialysis patients are 3 to 9 times 
higher than referential values (27). Resić et al. 
(23) found average parathyroid hormone value of 
493.7 pg/dL, which is three times higher than the 
reference values and it is in accordance with the 
result of our research. They also found that 60.5% 
of patients had hypophosphatemia and 49% had 

Parameter Scintigraphy finding No of patients Value SD SEM Min. Max.

PTH (pg/mL)

Normal 17 605.17 342.84 83.15 79.00 1032.00
Mild 11 1068.90 411.84 124.17 378.00 1643.00

Moderate 14 1575.00 598.29 159.90 535.00 2473.00
Intensive 8 1830.12 733.47 259.32 1369.00 3519.00

p=0.001

Calcium (mmol/L)

Normal 17 2.23 0.21 0.05 1.71 2.64
Mild 11 2.12 0.31 0.09 1.54 2.51

Moderate 14 2.33 0.24 0.06 1.94 2.68
Intensive 8 2.42 0.26 0.09 2.08 2.66

p=0.069

Phosphate (mmol/L)

Normal 17 2.1224 0.59 0.14 1.00 3.25
Mild 11 1.8427 0.96 0.29 0.59 3.04

Moderate 14 2.0921 0.78 0.20 0.86 4.08
Intensive 8 2.0938 0.68 0.24 0.86 2.93

p=0.788

Table 2. Average values of parathyroid hormone (PTH), calcium and phosphate in relation to scintigraphy finding

SD, standard deviation; SEM, Standard Error of Mean; Min, minimum; Max, maximum;

Ahmetbegović et al. PS and PTH in hemodialysis patients
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s vrijednostima paratireoidnih hormona kod pacijenata na 
hemodijalizi
Nermana Ahmetbegović1, Nadira Suljagić2 Vahidin Katica3

1Odjel za nuklearnu medicinu, Kantonalna bolnica Zenica, 2Dom zdravlja Brčko,3Klinika za ginekologiju i akušerstvo, Univerzitetski 

klinički centar Sarajevo; Bosna i Hercegovina

SAŽETAK

Cilj Komparirati nalaze scintigrafije paratireoidnih žlijezda sa serumskom koncentracijom parathormo-
na kod pacijenata na hemodijalizi.

Metode U retrospektivno-prospektivno istraživanje, u periodu od 2009. do 2014. godine, bili su uklju-
čeni pacijenti na hemodijalizi s utvrđenim hiperparatireoidizmom koji su klinički obrađivani u Kanto-
nalnoj bolnici Zenica. U istraživanje je uključeno ukupno 50 pacijenata. Uz antropološke podatke, pra-
ćena je koncentracija parathormona u serumu pacijenata. Scintigrafija je rađena na Odjelu za nuklearnu 
medicinu Kantonalne bolnice Zenica na dvoglavoj gama-kameri Prism 2000xp.

Rezultati Od 50 ispitanika 24 (48%) je bilo muškog, a 26 (52%) ženskog spola. Prosječna starosna dob 
je iznosila 49.34±11.82 godine. Od 50 ispitanika 17 (34%) je imalo uredan nalaz scintigrafije, blago 
naglašen unos radiofarmaka (scor 1) imalo je 11 (22%), umjereno naglašen (scor 2) 14 (28%), a intenzi-
van unos radiofarmaka (scor 3) 8 (16%) ispitanika. Ustanovljena je statistički značajna razlika u dužini 
trajanja hemodijaliznog tretmana i nalaza scintigrafije.

Zaključak Scintigrafija paratireoidnih žlijezda kod pacijenata na hemodijalizi omogućava njihovu se-
lekciju za paratireoidektomiju. Scintigrafiju paratireoidnih žlijezda i vrijednost parathormona u serumu 
kao zlatni standard, treba uvrstiti u algoritam pretraga kod pacijenata sa sekundarnim hiperperatireoi-
dizmom uzrokovanim hroničnim bubrežnim oboljenjima.

Ključne riječi: hronična bubrežna bolest, hiperparatireoidizam, paratireoidektomija

Ahmetbegović et al. PS and PTH in hemodialysis patients
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ABSTRACT

Aim The aim of the study is to evaluate the effect of a prospecti-
vely conducted interactive 5-day education programme based on 
Düsseldorf model on glycated haemoglobin (A1C), and total daily 
dose of insulin in type 1 diabetes patients.

Methods A total of 67 type 1 diabetes patients was analysed; mean 
age of 11±0.68 years, 43 females and 24 males. The programme 
was led by a trained team of diabetes specialist doctors and nurses. 
All subjects and their parents completed a knowledge test about 
diabetes at beginning, and at the end of education, and after 12 
months (30 questions). Subjects were evaluated for total daily in-
sulin, and HbA1c at baseline, as well as 3, 6, 9 and 12 months after 
the end of the education programme.  

Results   Results of the knowledge test after the education have 
shown higher knowledge at baseline. At the end of the educati-
on programme an average of total daily insulin dose was signifi-
cantly lower. There was a 3.17% reduction in HbA1c values over 
9 months, and 1.8% over 12 months in the comparison to the ba-
seline values (p<0.001). 

Conclusions Structured education programme of functional in-
sulin therapy was associated with improved glycaemic control in 
type 1 diabetes patients and their parents. It motivated patients and 
parents to improve glycaemic control. One year after the follow 
up, glycaemic control was worsening, due to lack of patients’ mo-
tivation, therefore, there is a need for yearly re-education.

Key words: child, parents, education of diabetes, functional insu-
lin therapy, glycaemic control
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INTRODUCTION 

Diabetes mellitus (DM) is the most common, 
chronic metabolic endocrine disease in children 
and adolescents (1). Optimal treatment for dia-
betes mellitus, except insulin therapy, is dietary 
measurement, self-control, adequate physical ac-
tivity and education (2,3). Every young diabetic 
patient and their parents/carers have the right to 
accessible, planned diabetes self-management 
education (4). Diabetes education should be deli-
vered by an interdisciplinary paediatric diabetes 
team (as a minimum a doctor, nurse and dieti-
cian), understanding of the special and changing 
needs of young people and their families as they 
grow through different stages of life; it needs to 
be patient-centred and thus adaptable to suit in-
dividual needs. Successful treatment of DM in-
corporates behavioural changes in patients and 
their parents/carers. Education is the keystone 
for diabetes care and structured diabetes self-
management education (DSME) is the key to a 
successful outcome (5). Therapeutic education 
programme needs to be structured taking into 
account therapeutic scheme and a need to show 
its effectiveness. Interactive methods and mate-
rials are used taking into account patients’ daily 
routine. In Diabetes Control and Complication 
Trials study (DCCT) this was one of four edu-
cation programmes, as well as in DAFNE-Dose 
Adjustment For Normal Eating in Great Britain, 
Düsseldorf model of structured therapy and edu-
cation, and functional intensified insulin therapy-
FIT (Vienna, Ljubljana, Zagreb). Prospective stu-
dies based on carbohydrate counting evaluated a 
5-days education programme in type 1 diabetic 
patients (6,7). Functional insulin therapy (FIT) 
knowledge include: functional insulin replace-
ments, all about insulin, insulin dose adjustment, 
tests of basal insulin, carb factor, correction fac-
tor; functional insulin replacement under speci-
al conditions (exercise, illness). The effects are 
greater for children than adults, and are most 
effective when integrated into routine care, when 
education is learner-centred, parents are invol-
ved, empowerment principles are utilised, and 
self-management, problem-solving, goal setting 
and self-efficacy are promoted (2,3,6). 
The aim of the study was to evaluate the effect 
on glycated haemoglobin (A1C) of a structured 
intervention in type 1 diabetes patients. 

Functional insulin therapy is implemented at the 
Department of Paediatrics Endocrinology and 
Diabetes in Cantonal Hospital Zenica, Bosnia 
and Herzegovina (B&H) as a routine way of edu-
cation and re-education of children with diabetes 
type 1and their parents. The purpose of monitor-
ing the group of children is to show the impor-
tance of such access to education as well as the 
need for re-education after a certain period of 
motivation to both children and parents. Similar 
research was not carried out in other paediatric 
departments in the B&H. The results of our work 
should serve as a motivation for other B&H cen-
tres to organize education on this model, with the 
aim of improving the glycaemic control of chil-
dren with diabetes type 1. 

PATIENTS AND METHODS

Patients and study design

This prospective study evaluated routine and usu-
al 5-day education programme for type 1 diabe-
tic patients and their parents at the Department of 
Paediatrics Endocrinology and Diabetes, Cantonal 
Hospital Zenica, B&H. The study took place in 
the period between January 2012 to March 2013. 
The education programme was adapted from the 
Düsseldorf “Diabetes Training and Treatment  
Programme” (8) and based on  carbohydrate co-
unting for persons with type 1 diabetes. Intensive 
group education course took place over 5 consecu-
tive days with skills based focus led by a diabetes 
specialist and a nurse (normally 12 participants 
per group, 6 children and 6 parents). Each group 
was followed for one year. A total of 67 type 1 dia-
betes patients was analysed, mean age of 11±0.68 
years, 43 females and 24 males. 

Methods

All subjects and their parents completed a knowled-
ge test about diabetes at beginning and at the end of 
education, after five days (30 questions) and after 
12 months. Total daily dose of insulin (TDD) and 
HbA1c were evaluated at the baseline, and 3, 6, 
9 and 12 months after the education programme. 
Time table of education: 1st day: What is diabe-
tes, hypoglycaemia and hyperglycaemia; 2nd day: 
Which food is best for me? 3rd day: Self-manage-
ment of diabetes; 4th  day: Therapy for me; 5th day: 
Chronic complications of diabetes and foot care.



Medicinski Glasnik, Volume 14, Number 2, August 2017

166

Statistical analysis

Arithmetic mean value and standard deviation, 
Wilcoxon test for average 6-point glycaemic pro-
file was used. For HbA1c baseline and 3, 6, 9, 12 
months checks Freidman test was used.

RESULTS

In this study, 67 type 1 diabetes patients on in-
tensive insulin therapy were analysed; mean 
age 11±0.68 years, 43 (64.18%) females and 24 
(35.82%) males.
At the end of the education programme, the 
results showed significant increase of correct 
answers average compared to the number of 
correct answers before the beginning of the edu-
cational intervention (18.02:2.19;  p<0.001 ). Af-
ter 13 months the results showed a decrease of 
correct answers average comparing to the results 
at the end of the five-day education (2.19:23.85; 
p<0.001) (Table 1).
The percentage of pronounced results of the 
knowledge test before and after education as well 
as after 13 months was significantly increased, 
60.6%, 88.17%, and 79.5%, respectively (Table 1). 

There was a 3.17% reduction in HbA1c average 
value over 9 months (10.60% and 7.47%, re-
spectively; p<0.001) and 1.8% over 12 months 
(10.60% and 8.24%, respectively; p<0.001) in 
the comparison to the baseline values. HbA1C 
values increased by 0.77% in the period between 
9 and 12 months (7.46% and 8.24%, respective-
ly; p<0.001) (Table 2, Figure 2). 

Number (%) of right answers of 30 questions
1st day(before 

education)
5th day

after education
12 months

after education
MV SD MV SD p MV SD p

18.02
(60.06) 20.99 2.19

(88.17) 10.12 <0.001 23.85 
(79.5) 12.13 <0.001

Table 1. Results of knowledge test before and after education 
(1st day, 5th day, 12 months)

MV, middle value; SD, standard deviation

HbA1c (%)

1st day (be-
ginning) 6 months Chan-

ges p 12 months Chan-
ges p 

MV SD MV SD MV MV SD MV
10.60 2.19 8.07 1.40 -2.53 <0.001 8.25 0.99 -2.35 <0.001

Table 2. Clinical approvement of functional intensified insulin 
therapy in 67 patients with type 1 diabetes mellitus

MV, middle value; SD, standard deviation

Figure 1.  Average total daily insulin dosage, TDD-1, total daily 
dose first day; TDD-5, total 5 days daily dose

Figure 2. Results of average value of HbA1c at the beginning 
and the end of the study. Control checks of HbA1c at 1st day 
(0), after 3 days (3), 6 days (6), 9 days (9) and 12 months (12)

There was a statistically significant decrease in 
the total daily dose of insulin (TDD) at the end of 
education. The average decrease in insulin TDD 
was 2.90 IU after 5 days, but the average decrea-
se after 12 months was 1.97 IU (Figure 1). 

DISCUSSION 

Structured DM education improves behavioural 
changes and consequently leads to better control 
of the disease with lower doses of insulin needed 
to achieve adequate glycaemia. Effects of structu-
red DM education weaken after 13 months (18).
The rationale for pre- and post-prandial self-mo-
nitoring is to help patients understand the effects 
of food choices, physical activity, and medica-
tions on blood glucose concentrations, and to 
guide therapeutic adjustments (9) without incre-
asing the hypoglycaemic risk. The results of this 
study have shown that educational intervention 
improved patients’ knowledge of DM, e. g. re-
sults of knowledge test before and after education 
showed a significant increase of average correct 
answers to the knowledge test. Unfortunately, 
effects of education faded after 12 months and 
showed a decrease in average correct answers in 
relation to the test after education. Improvements 
in patients’ knowledge resulted in improvement 
of their disease showing lower HbA1C values as 
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well as lower doses of insulin needed to achieve 
satisfactory glycaemic control. Observed effects 
weakened as time from the educational interven-
tion passed and there was 3.17% reduction in 
HbA1c over 9 months, and 1.8% over 12 months 
compared to the baseline values; HbA1C valu-
es have increased by 0.77% between 9 months 
and 12 months. Effects of educational interven-
tion were stable for 9 months and after that time 
effects they begun fading, but not reaching the 
baseline after 12 months. Average doses of insu-
lin needed to achieve glycaemic values decreased 
2.90 IU after 5 days of education, and 1.97 IU 
after 13 months. This finding could be explai-
ned by frequent therapeutic modifications with 
the intensified self-monitoring blood glucose 
(SMBG) and making insulin adjustments related 
to the additional blood glucose testing and food 
intake (10). The SMBG and some psychosocial 
factors are believed to be associated with active 
self-management in type 1 diabetic patients after 
the education programme (11). In many studies, 
there is evidence of an increased risk for hypo-
glycaemia as the HbA1c decreases (11-13), but 
this is not always the case (14), particularly in 
recent years with the increasing use of insulin 
analogues (15,16). 
The disadvantages of the study include insub-
stantial analysis of newly discovered and previo-
usly discovered diabetics as well as the absence 
of a control group of patients who did not under-
go this type of education.
The strength of this study includes selection of 
children with type 1 diabetes and their parents 
who were already on SMBG to avoid the potenti-
al impact of SMBG in ongoing and new patients 
and the fact that all participants had been educa-
ted and followed-up by the same diabetes team 
with the same education and treatment policies 

and clinical feedback. Educators (paediatric en-
docrinologist or physician trained for the care 
of children and adolescents with diabetes, dia-
betes educators, dieticians, psychologists, social 
workers, and other health care providers) should 
have access to continuing specialized training in 
current principles of insulin therapy, new diabe-
tes technologies, advances in diabetes education, 
and educational methods (17). Diabetes educati-
on needs to be a continuous process and repeated 
in order to be effective (18).
In conclusion, one year after our education pro-
gramme intensive management of diabetes, ena-
bled by various and sustained changes in patient 
skills, was associated with improved HbA1c. 
Every child with type 1 diabetes with basal bo-
lus therapy and their parents should be offered 
a structured functional  intensive therapy (FIT) 
education course. Carbohydrate counting is an 
important skill for everyone involved, offered to 
all newly diagnosed patients, and to anyone who 
wants to improve self-management skills. Profit 
of FIT is a significantly better glycaemic control, 
raised and refreshed level of knowledge, self-
satisfaction and better self-control, reduction of 
possible acute and chronic complications of the 
disease. 
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Efekti funkcionalne inzulinske terapije na parametre glikemijske 
kontrole kod djece s dijabetesom tipa 1
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Hercegovina

SAŽETAK

Cilj Cilj studije je evaluirati efekte interaktivnog petodnevnog edukacijskog programa po Dizeldorf-
skom modelu, provedenog prospektivno, na nivo HbA1c i ukupne dnevne doze inzulina kod pacijenata 
s dijabetesom tipa 1.

Metode Praćeno je 67 djece s dijabetesom tipa 1, prosječne dobne starosti 11±0.68, odnosno 43 djevoj-
čice i 24 dječaka. Edukacijski program je proveo educirani tim subspecijalista (endokrinolog, dijabeto-
log i medicinska sestra). Svi praćeni pacijenti i njihovi roditelji pristupili su testu znanja od 30 pitanja 
na početku programa, na kraju petodnevne edukacije te na kraju praćenja tokom 12 mjeseci. Pacijenti i 
njihovi roditelji pratili su ukupnu dnevnu dozu inzulina, HbA1c na početku edukacije te nakon 3, 6, 9 i 
12 mjeseci po edukativnom programu. 

Rezultati Rezultati testa znanja pokazali su znatno bolje rezultate nakon edukacije i opadanje nivoa 
znanja nakon 12 mjeseci. Na kraju edukacijskog rada ukupna dnevna doza inzulina bila je značajno 
niža. HbA1c je reduciran za 3.17% tokom 9 mjeseci praćenja, a zabilježen je ukupni pad HbA1c nakon 
12 mjeseci praćenja od 1.8%. 

Zaključak Strukturirani edukacijski program funkcionalne inzulinske terapije ukazao je na poboljšanje 
kontrole dijabetesa tipa 1 kod djece. On je motivirajući i za djecu i za njihove roditelje u održavanju 
glikemične kontrole. S obzirom da nakon godinu dana praćenja motivacija opada, što je registrirano 
pogoršanjem glikoregulacije, potrebna je reedukacija.

Ključne riječi: dijete, roditelji, edukacija, funkcionalna inzulinska terapija, glikemijska kontrola.
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ABSTRACT

Aim To analyse the long-term impact of altered metabolism on 
the level of mediators of inflammatory response in female patients 
with type 2 diabetes.

Methods This study included 97 female patients with type 2 dia-
betes and 107 female, nondiabetic control subjects, who were re-
cruited at the Clinical Centre University of Sarajevo and the Gene-
ral Hospital Tešanj. The effects of glycaemic control on markers of 
inflammatory response represented by C-reactive protein (CRP), 
fibrinogen, leukocytes, sedimentation rate, and cytokine IL-6 were 
tested. All subjects were free of evidence of infections, surgery, 
thyroid disease, polycystic ovarian syndrome, active liver and kid-
ney damage. All biochemical analyses were performed according 
to standard International Federation of Clinical Chemistry (IFCC) 
protocols. 

Results  A significant increase of fibrinogen (p<0.001), CRP 
(p=0.001), interleukin-6 (p=0.013), leukocytes (p<0.001) and se-
dimentation rate (p=0.008) in diabetic female population compa-
red to control subjects was found. A significant correlation betwe-
en CRP and haemoglobin A1c (p=0.035), interleukin-6 and glucose 
(p=0.032), IL-6 and body mass index (p=0.007) was found.

Conclusion  Our data suggest that inflammation plays an impor-
tant role in the pathogenesis of diabetes in female diabetic popu-
lation. A more detailed study on a far larger number of subjects 
is needed if they were to be used effectively as biomarkers in the 
primary prevention of type 2 diabetes in this population.

Keywords: inflammation, cytokine, hyperglycaemia
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INTRODUCTION

Type 2 diabetes (T2D) is a major global health 
problem affecting 415 million people (215 million 
of men and 199 million of women). It is considered 
that this number will rise to 642 million in 2040. 
Of these, 90-95% of cases are T2D (1,2). The 
tendency of increase of T2D epidemic is present 
throughout the world, especially in Europe, South-
ern America, Africa and East Asia. According to 
the International Diabetes Federation in Bosnia 
and Herzegovina estimated prevalence of diabetes 
is 10% with a tendency of continuous increase (3).
As the rates of diabetes increase it is important to 
study factors associated with late diagnosis of di-
abetes and whether these determinants differ for 
males and females. In this sense, it is very impor-
tant to recognize risk factors for diabetic compli-
cations as soon as possible. This is especially the 
case for female diabetic population since, accord-
ing to newest data, even though more males have 
diabetes, females with diabetes have a greater 
risk of mortality and hospitalizations (4).
Recent research suggests that inflammation could 
be a crucial factor in the development of a disease 
that has reached epidemic proportions worldwide. 
Due to metabolically provoked changes in diabe-
tes, primarily at the cellular level, altered function-
ality of cells and tissues is to be expected, with 
proper manifestations at the level of inflammatory 
reaction and all its components, including inflam-
matory parameters (high sensitivity C reactive 
protein (hsCRP) and fibrinogen), mediators, and 
inflammation regulators (cytokines) (5).
Differences between sexes in the diabetes risk 
associated with inflammatory markers have been 
reported in various studies (6-8). Studies on 
woman population have revealed that CRP was 
more strongly associated with type 2 diabetes 
when compared to interleukin-6 (IL-6) (9,10). 
However, other authors have published contra-
dictory results. Findings in non-obese subjects 
prove that body fat content is the main predictor 
of fibrinogen levels as well of hsCRP levels thus 
supporting the speculation of direct mechanism 
by which adipose tissue regulates the levels of 
circulating acute phase reactants (11).
The aim of the study was to analyse the level 
of inflammatory markers hsCRP, IL-6 and leu-
kocyte count, sedimentation rate as well as antro-
pometric parameters in a group of female patients 

with diabetes type 2 and a group of healthy con-
trols, and to correlate their values with the para-
meters of glycoregulation such as haemoglobin 
A1c(HbA1c), and fasting glycaemia.

PATIENTS AND METHODS

Patients and study design

A total of 204 subjects were enrolled in the stu-
dy: 97 patients with T2D, recruited from the 
Clinical Centre University in Sarajevo and Ge-
neral Hospital Tešanj, and 107 female, control 
nondiabetic patients.
Subjects included in this study were free of evi-
dence of active liver and kidney disease, chronic 
pancreatitis, gastrointestinal disease, inflamma-
tory bowl disease, endocrine disorders, infection, 
and were not using hormonal therapy. Non-dia-
betic controls were of approximately same age 
(40-60 years old) having normal glucose toleran-
ce (fasting plasma glucose less than 6.2 mmol/L, 
and two hours postprandial glycaemia less than 
7.8 mmol/L). They also had no abdominal obe-
sity as a criteria for insulin resistance.
Each participant gave a written informed con-
sent. The study was performed in accordance 
with the Helsinki Declaration and was approved 
by the Ethics Committee of Cantonal Hospital 
Zenica and International University of Sarajevo. 

Methods

In all the subjects arterial blood pressure and body 
parameters as height, weight and waist circumfe-
rence were measured. Waist circumference was 
measured at the midpoint between the lowest rib 
and the iliac crest (10). Blood samples were drawn 
after an overnight fast, at least for 8 hours. HbA1c 
was measured in the whole blood by immunotur-
bidimetry method using the autoanalyser Dimen-
sion X Pand (Siemens, München, Germany). hs-
CRP was measured at the same autoanalyser with 
nephelometric method. Fibrinogen was determi-
ned using nephelometric method, modified Clauss 
principle in Behring Coagulation Systems (12). 
For determination of IL-6, flow cytometry was 
used. For the assay for IL-6, particles with defined 
fluorescence intensity were used for the detection 
of soluble cytokine at very low concentrations 
(10-2500 pg/mL) (Human IL-6 Flex Set, BDTM 
Cytometric Bead Array)(13). 
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Statistical analysis

Before statistical analysis, normal distribution 
and homogeneity of the variances were tested 
using Kolmogorov-Smirnov test respectively. 
Groups were compared using Student’s unpa-
ired t test for parameters with normal distribu-
tion or Mann–Whitney test for parameters with 
non-normal distribution. Correlations between 
parameters were analysed using the Pearson R 
test for variables with normal distribution and 
the Spearman test for variables with non-normal 
distribution. Data are expressed as mean ± stan-
dard deviation or medians (interquartile range). p 
< 0.05 was considered significant.

RESULTS

A group of 97 patients with type 2 diabetes melli-
tus (age>40 years) and 107 healthy controls 
(age>40 years) were studied (Table 1). 

Subjects with T2D were older than subjects 
without diabetes. The mean age of the subjects 
in the study group (cases) was 57 years and the 
subjects in the control group (controls) were 
aged 55 years. It was observed that among 
diabetics the mean of body mass index (BMI) 
(29.80) and waist–hip ratio (WHR) (0.93) were 
significantly higher compared to non-diabetics 
(p<0.05), whereas no significant difference 
was noted in relation to age (p=0.282) among 
diabetics and non-diabetics. Subjects with 
T2D had significantly higher fasting plasma 
glucose and HbA1c than those without it (mean 
value 7.90 versus 4.95 and 7.30 versus 5.05, 
respectively). 
Median levels of IL-6, fibrinogen and hsCRP 
were significantly higher in diabetic patients: 
1.75 versus 1.23 pmol/L for IL-6, 3.70 versus 
3.28 g/L for fibrinogen and 3.10 versus 2.20 
mg/L for hsCRP (p=0.013 for IL-6, p<0.001 for 
fibrinogen and p=0.001 for hsCRP). 
T2D subjects showed a significant increase in 
white blood cell count and sedimentation rate 
(7.00 x 109/L versus 6.00 x 109/L for leukocytes 
(p<0.001) and 15 versus 10 for sedimentation 
rate (p=0.008), respectively)
HbA1c was positively correlated with hsCRP with 
a significant p of 0.035 (Figure 1) and BMI was 
positively and significantly correlated with IL-6 
(p=0.007) and fibrinogen (p=0.029) (Figure 2, 3). 
The glucose levels of the patients was signifi-
cantly correlated with IL-6 (p=0.032) (Figure 4).

Characteristic Healthy con-
trols (n=107)

T2D patients
(n=97) p

Age (years) 55
(53-58)

57
(53-61) 0.282

BMI (kg/m2) 26.30
(23.90-27.90)

29.80
(26.80-33.00) < 0.001†

Waist circumference (cm) 0.88 ± 0.05 0.93 ± 0.07 < 0.05*

Fasting glucose (mmol/L) 4.95
(4.67-5.30)

7.90
(6.95-9.07) < 0.001†

HbA1c (%) 5.05
(2.76-5.40)

7.30
(6.80-8.50) < 0.001†

hsCRP (mg/L) 2.20
(1.02-3.78)

3.10
(1.92-5.00) 0.001†

Fibrinogen (g/L) 3.28
(2.90-3.50)

3.70
(3.20-4.30) < 0.001†

IL-6 (pmol/L) 1.23
(0.41-1.90)

1.75
(1.22-3.29) 0.013†

Leukocytes (109 L) 6.00
(4.73-7.23)

7.00
(5.72-8.60) < 0.001†

Sedimentation rate 10
(5-16)

15
(9-24) 0.008†

Table 1. Anthropometric, clinical and biochemical character-
istic of female patients with type 2 diabetes mellitus (T2D) 
and control subjects*

*Data are presented as means ± SD or medians (interquartile range); 
†Significance of difference in Mann-Whitney test for data following 
non-normal distributed and t-test for normal distributed date. T2D-
Type 2 diabetes mellitus; 
BMI, body mass index; HbA1c, haemoglobin A1c; IL6, interleu-
kin-6; hsCRP, high-sensitivity C-reactive protein 

Figure 1. Correlation between serum levels HbA1c and hsCRP 
in female patients with type 2 diabetes mellitus (T2D)

The criteria for the selection of subjects were ba-
sed on levels of fasting glucose and HbA1c. The 
levels of hsCRP, fibrinogen, IL-6, white blood 
cell count and sedimentation were determined for 
all the study participants.
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DISCUSSION

It is known for T2D that the concentration of 
many proteins of the acute phase (CRP, fibrino-
gen, α1-acid glycoprotein, plasminogen activator 
inhibitor-1, IL-1, IL-6 and tumour necrosis fac-
tor-alpha (TNFα) is increased and that this incre-
ase correlates with the development of charac-
teristics associated with this condition (obesity, 
insulin resistance, impaired glucose tolerance 
and/or diabetic complications) (14,15), which 
has been proved in our study.
This research tackled dynamic changes in con-
centrations of proinflammatory and antiin-
flammatory cytokines, concerning change and 
dynamic course of parameters of inflammation 
in female patients with T2D. The levels of all of 
the measured inflammatory parameters (hsCRP, 
fibrinogen, IL-6, sedimentation, and the white 
blood cell count) were statistically higher in fe-
male T2D patients compared to healthy female 
population. Already in the 1990s, research on this 
subjects demonstrated that levels of markers of 
inflammatory reactions increased with the decre-
ase in insulin sensitivity depending on the seve-
rity of T2D and metabolic syndrome (16).
Studies conducted for both sexes have demon-
strated the importance of inflammatory mediators 
in the pathogenesis of T2D, and also that levels 
of IL-6 rise significantly in both sexes compared 
to control group even after adjustment for BMI, 
WHR and smoking, being considered an inde-
pendent predictor of risk of developing diabetes 
(17,18). Studies conducted on female population 
have associated elevated levels of IL-6 and CRP 
with T2D independent of BMI, physical activ-
ity and other risk factors for T2D, provided that 
CRP is considered to be the most robust predictor 
(9). However, the results of a Mexico City study 
group suggest that CRP is an important predictor 
for the development of T2D and the metabolic 
syndrome for female, but not male population 
(19). Magnitude of association between CRP and 
diabetes seems comparable and even stronger than 
the association between CRP with coronary heart 
disease (20,21). These data support the hypothesis 
that systemic inflammation is a common precursor 
for T2D (14,22), which is in line with our results. 
It is believed that IL-6 contributes to the pathol-
ogy and physiology of T2D through its interac-
tions with insulin-signalling pathways and β-cell 

Figure 2. Correlation between serum levels IL-6 and body 
mass index (BMI) in female patients with type 2 diabetes mel-
litus (T2D)

Figure 3. Correlation between serum levels fibrinogen and 
body mass index (BMI) in female patients with type 2 diabetes 
mellitus (T2D)

Figure 4. Correlation between serum levels IL-6 and glucose in 
female patients with type 2 diabetes mellitus (T2D)
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function by stimulating production of CRP in liver 
(23). In accordance with studies conducted by 
Pradhan et al. (24) and Mirza et al. (15), it is con-
sidered that the predictive role of IL-6 in diabetes 
is less consistent than the role of CRP, because 
of greater stability of CRP as an inflammation 
marker in comparison to IL-6 whose effects are 
modulated by TNFα production (9). However, in 
our study, IL-6 concentrations were significantly 
associated with the levels of glucose, suggesting 
a role of IL-6 in the process of insulin secretion 
under certain conditions such as high glucose con-
centrations, high IL-6 levels or being in synergy 
with other inflammatory mediators (23). An ac-
tivation of the immune system and inflammation 
leads to elevated levels of inflammatory markers, 
not just cytokines but also leukocytes, as well as 
to accelerated erythrocyte sedimentation rate (25). 
Based on the above, one might support the hy-
pothesis that inflammation markers, such as leu-
kocytes and fibrinogen, as well as the erythrocyte 
sedimentation rate, plasminogen activator inhibi-
tor-1, gamma globulins, and albumin concen-
tration have an extremely important role in the 
pathogenesis of T2D (26). Ever since Vazarova 
et al. discovered a positive relationship between 
the white blood cell count and onset of insulin 
resistance, their potential mechanisms have been 
a matter of debate (27). The only possible expla-
nation for elevated white blood cell count and 
increased insulin resistance lies in the potential 
activation of the immune system, through IL-6, 
which is considered to be a potent factor in dif-
ferentiation of leukocytes, thus associating them 
with insulin resistance (28,29). In recent years, 
it has been shown that insulin resistance is as-
sociated with CRP levels and the amount of vis-
ceral fat, but the relationship is very complex 
(30). Excessive metabolic activity of visceral fat 
is associated with insulin resistance, hyperco-
agulability, dyslipidaemia, hypertension and car-
diovascular risk (31). Fat appears to be the most 
active tissue metabolically that secretes many 
hormones and cytokines (adipokines, TNFα, IL-
6, monocyte chemoattractant protein-1), which 
participate in inflammatory reactions. Fat tissue 
is also considered as an important source of in-
flammation in obese diabetic patients not only 
because of cytokines secretion from adipocytes, 
but also because of the infiltration of proinflam-

matory macrophages (32). Our results seem to 
support these findings.
Interestingly, results of our study showed a high 
degree of correlation between inflammatory 
markers (CRP, fibrinogen and IL-6) and BMI. 
In previous studies, fibrinogen levels were posi-
tively correlated with BMI as well as with other 
components of the metabolic syndrome and a 
history of diabetes or hypertension in general 
(33). This could potentially justify the link be-
tween BMI and T2D is the presence of insulin 
resistance, which is considered to be responsible 
for the elevated levels of inflammatory parame-
ters (34). Strikingly, the association of BMI with 
fibrinogen levels in women was proven to be ap-
proximately two times stronger than in men (35).
Our study pointed out the likelihood of elevated 
CRP concentrations increasing with increase in 
HbA1c levels in female population,  thus, further 
supporting the association demonstrated in previ-
ous studies between glycaemic control and sys-
temic inflammation in people with established 
diabetes (36-38).
In conclusion, our results support the hypothesis 
that systemic inflammation in moderate, high or 
subclinical intensity is always present in clini-
cal course of T2D, and the positive correlation 
between IL-6 and glucose level as well as other 
inflammatory markers was shown.  
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Značaj inflamatornih markera i IL-6 u dijagnozi i praćenju 
pacijenata s dijabetes melitusom tipa 2 
Maja Malenica1, Mira Šilar2, Tanja Dujić1, Tamer Bego1, Sabina Semiz1,3, Selma Škrbo4, Besim Prnja-
vorac5,6, Adlija Čauševic1
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SAŽETAK 

Cilj Analizirati dugoročni utjecaj izmijenjenog metabolizma na nivoe medijatora upalnog odgovora kod 
žena s dijabetesom tipa 2.

Metode Istraživanje je obuhvatilo 97 pacijentica s dijabetesom tipa 2 i 107 žena bez dijabetesa (kontro-
la) koji su „regrutovani“ na Kliničkom centru Univerziteta u Sarajevu i Općoj bolnici Tešanj. Ispitivani 
su učinci kontrole glikemije na markere upalnog odgovora mjerenjem nivoa C-reaktivnog proteina 
(CRP), fibrinogena, leukocita, brzine sedimentacije i citokina interleukina-6. Svi ispitanici su bili bez 
dokaza o infekcijama, ranijim kirurškim procedurama, bolestima štitnjače, sindromu policističnih jajni-
ka, aktivnom oštećenju jetre i bubrega. Sve biohemijske analize su provedene korištenjem standardnih 
protokola Internacionalne federacije kliničke hemije (IFCC).

Rezultati Utvrđeno je značajno povećanje fibrinogena (p<0.001), CRP (p=0.001), interleukina-6 
(p=0.013), leukocita (p<0.001) i brzine sedimentacije (p=0.008) u pacijentica s dijabetesom u uspo-
redbi s kontrolnim ispitanicima. Ustanovljena je signifikantna korelacija između CRP i hemoglobina 
A1c (p=0.035), interleukina-6 i glukoze (p=0.032), te interleukina-6 i indeksa tjelesne mase (p=0.007).

Zaključak Rezultati ovog istraživanja sugeriraju da upala igra važnu ulogu u patogenezi dijabetesa 
kod dijabetičara ženskog spola. Da bi se ispitivani markeri mogli učinkovito koristiti kao biomarkeri 
u primarnoj prevenciji dijabetesa tipa 2 u ovoj populaciji, potrebna je detaljnija studija s daleko većim 
brojem ispitanika.

Ključne riječi: inflamacija, citokin, hiperglikemija
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ABSTRACT

Aim In order to increase the database related to the antineoplastic 
potential of metformin, association between the use of metformin 
and risk of cancer occurence in patients with diabetes mellitus type 
2 (DM2) was investigated.

Methods In this cross-sectional study, medical records of patients 
with DM2 were reviewed for cancer occurence. Data on age, body 
mass index (BMI), alcohol and nicotine consumption, glucose and 
HbA1c levels, duration of DM2, medication used in the treatment 
of DM2 and cancer occurence were collected and analyzed. Un-
paired Student’s t-test or Mann-Whitney U test were used for 
comparisons between treatment groups, and logistic regression to 
asses how well our set of predictor variables predicts occurence 
of carcinoma. P-value less than 0.05 was considered statistically 
significant.

Results The mean age of 234 included patients was 66.8±11.5 ye-
ars, and DM2 duration was 7± 6.49 years. Mean glucose value 
was 8.51±4.17mmol/L, and HbA1c 7.74±1.53. Metformin therapy 
was prescribed in 190 (81%) patients. Cancer was diagnosed in 
16 (6.8%) patients: prostate cancer in eight (3.4%), breast cancer 
in four (1.7%), rectal cancer in two (0.9%) and cancer of the ute-
rus and cervix in one patient. Age, duration of DM2 and BMI did 
not contribute significantly to the model, while metformin use was 
shown to be a significant independent predictor (OR=0.049; 95% 
CI=0.013−0.181; p=0.001). 

Conclusion Our findings support the hypothesis that the use of 
metformin compared to the use of other oral antidiabetic drugs is 
associated with a lower risk of cancer in patients with DM2. 

Key words: hypoglycemic agents, type 2 diabetes, neoplasms
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INTRODUCTION 

The search for effective and well-tolerated an-
tineoplastic agent is permanent. Antineoplastic 
activity is being investigated not only for new 
substances but for drugs that are already in use in 
the treatment of other diseases (1-5). One of them 
is metformin. Metformin is a drug of a biguanide 
group. Since the fifties of the last century, it has 
been used in the treatment of diabetes mellitus 
type 2 (DM2) (6).
In addition to glucose regulation, from 2002. epi-
demiological studies have shown many favou-
rable effect of metformin. Those effects include 
lower mortality rate (7), protective effects against 
cardiovascular diseases (8) as well as reduced 
risk of cancer in patients with DM2 (9). 
Soon after Evans et al. (2005) and Bowker et al. 
(2006) hypothesized metformin antineoplastic 
activity, its antineoplastic properties have beco-
me the focus of interest (9,10). It has been found 
that the main mechanism takes place primarily in 
the liver by decreasing hepatic glucose producti-
on through a mostly mild and transient inhibiti-
on of mitochondrial respiratory-chain complex 1 
(11,12). So far adenosine monophosphate protein 
kinase (AMPK) has been suggested as a key tar-
get point for this action (13). Decrease in hepa-
tic energy status activates the AMPK. Activated 
AMPK responds to decreased cellular energy 
level by changing the rate of metabolism of car-
bohydrate, protein and fat (13). Further research 
has identified liver kinase B1 (LKB-1), a well 
recognised tumour suppressor gene, to be the 
essential factor for AMPK activation by metfor-
min (13-15). Activated AMPK reprograms cellu-
lar metabolism by acting on mammalian target of 
rapamycin (mTOR), fatty acid synthase and p53, 
the molecules which are involved in regulating 
cell growth and metabolism (15). Accordingly, 
AMPK has been suggested to affect cell growth 
and replication, it slows it down or, as it seems, 
excludes the growth of aberrant cells (13,16). 
Bearing in mind that metformin treatment is 
inexpensive and relatively safe, its potential anti-
neoplastic activity might be of great importance 
for future cancer pharmacotherapy. 
However, the results of preclinical and clinical 
studies of antineoplastic activity of metformin 
are contradictory (17-20). Preclinical study re-

sults range from no effect to strong inhibition in 
carcinogenesis models. Because of the inconsi-
stency of the results of different clinical trials and 
in order to reach the best possible evidence, more 
than 200 clinical trials are currently investigating 
the effect of metformin on tumours in both diabe-
tic and non-diabetic patients (21).
The aim of this study was to investigate associati-
on between the risk of cancer and metformin use 
in patients with DM2 at the Public Health Centre 
of Sarajevo, Bosnia and Herzegovina.

PATIENTS AND METHODS 

Patients and study design

This was a cross-sectional study. Patients with 
DM2 whose medical records had been availa-
ble at the Public Health Centre of Sarajevo were 
screened for the inclusion in this study. The pati-
ents who met the inclusion criteria with the con-
firmed diagnosis of DM2 and a treatment with 
oral antidiabetic medications were included in 
the study. Patients treated with insulin, patients 
without complete medical records and patients 
whose cancer was diagnosed prior to DM2 were 
not included in the study. 
The study was approved as an academic project 
by the Ethics Committee at School of Medicine, 
University of Sarajevo.

Methods

Data on age, body mass index (BMI), alcohol 
and nicotine consumption, last measured blood 
glucose and HbA1c levels, duration of DM2, me-
dication used in the treatment of DM2 and cancer 
occurrence were collected.
Included patients were divided into two groups: 
patients with or without cancer occurrence.

Statistical analysis

Continuous numerical variables with normal dis-
tribution were expressed as mean±standard de-
viation, while those not normally distributed were 
expressed as median and interquartile range. De-
pending on the type of distribution of continuous 
numerical variables, a comparison between two 
treatment groups was made either by using un-
paired Student’s t-test or Mann-Whitney U test 
as appropriate. Chi-square test (χ2) was used to 
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determine the relationship between categorical 
variables. Logistic regression was used to assess 
how well our set of predictor variables (type of 
medicine use, age, duration of DM2, BMI) pre-
dicts the occurrence of cancer. Omnibus Tests of 
Model Coefficients and Hosmer and Lemeshow 
Test were performed to assess how well the  set 
of our predictor variables is able to  predict the 
occurrence of cancer. The p-values less than 0.05 
were considered statistically significant.

RESULTS

The final analysis was performed based on data 
obtained from 234 patients. The mean age was 
66.8±11.5 years and DM2 duration was 7±6.49 
years. Mean glucose value was 8.51±4.17mmol/L, 
and HbA1c was 7.74±1.53. Metformin therapy 
was prescribed in 190 patients, representing 81% 
of patients, while other oral antidiabetics were pre-
scribed in 44 patients. Cancer was diagnosed in 16 
(6.8%) patients: prostate cancer in eight (3.4%), 
breast cancer in four (1.7%), rectal cancer in two 
patients (0.9%) and cancer of the uterus and cer-
vix in one patient. The differences in demographic 
and clinical characteristics of the patients with and 
without cancer are shown in Table 1. 

p=0.112),  Cox-Snell (R2=0.125) and Nagelkerke 
(R2=0.318) supported the test model (Table 2). 
The overall accuracy of classification was 93.2%.
Variables age, duration of DM2 and BMI did not 
contribute significantly to the model, while met-
formin use was shown to be a significant indepen-
dent predictor (OR=0.049; 95% CI 0.013−0.181; 
p=0.001), indicating evidence of negative asso-
ciation between metfomin use and the diagnosis 
of carcinoma in the population of patients with 
DM2 (Table 2).

Variable
Cancer occurrence*

p 
Absent
(n=218)

Present
(n=16)

Age (years) 66 (59.8; 73) 75 (64.5; 79.8) 0.04
Body mass index (kg/m2) 29 (26; 32) 30.5 (28;34,7) 0.229
Nicotine consumption 102 (46.8%) 5 (31.3%) 0.228
Alcohol consumption 33 (15.1%) 1 (6.25%) 0.479
Duration of DM2 (years) 5 (2; 10.3) 9.5 (4.25;13.7) 0.05
Non regulated glucose 67 (30.7%) 5(31.3%) 0.966
HbA1c level (%) 7.2 (6.7;8.45) 7.42 (6.92; 8.43) 0.516

Table 1. The differences in demographic and clinical charac-
teristics of patients with and without cancer

*Data are expressed as median (25; 75 percentile) or relative count (%) 

B coeffi-
cient p Exp(B)

95% CI for 
EXP(B)

Lower Upper
Age (years) 0.018 0.533 1.018 0.963 1.076
Duration of DM2 (years) 0.52 0.296 1.053 0.956 1.161
Body mass index 0.117 0.052 1.124 0.999 1.265
Type of medicine use -3.015 0.000 0.049 0.013 0.181
Constant -6.113 0.040 0.002

Table 2. The logistic regression model assessing independent 
predictors of carcinoma in patients with DM2* 

*Omnibus Tests of Model Coefficients χ2 (4)=31.188, p<0.001; 
Hosmer; and Lemeshow Test χ2=13.002; p=0.112; Cox & Snell 
R2=0.125; Nagelkerke R2=0.318; Exp(B), odds ratio ; 95% CI, 95% 
confidence interval;

Figure 1. Prevalence of cancer in metformin-treated vs other 
oral antidiabetic-treated patients with DM2

From a total of 190 participants treated with met-
formin, four (4/190; 2.1%) had cancer, whereas in 
the group treated with other oral antidiabetics 12 
(12/44; 27.3%) had cancer (Figure 1). Proportion 
of metformin-treated patients who had a diagnosis 
of carcinoma was significantly lower (p<0.001).
Logistic regression was used to assess how well 
our set of predictor variables (type of medici-
ne use, age, duration of DM2, BMI) predicted 
the occurrence of carcinoma. Omnibus Tests of 
Model Coefficients (χ2 (4)=31.188; p<0.001), 
Hosmer and Lemeshow Test (χ2=13.002; 

DISCUSSION

Our results showed that compared to other oral 
antidiabetics, metformin use was significantly 
associated with decreased risk of cancer disease 
in patients with DM2. Although well known risk 
factors such as patients’ age (22-24), BMI (23), 
nicotine and alcohol consumption (24), duration 
of DM2, regulation of glucose and HbA1c value 
were modelled, in the presented study only met-
formin use was found as a significant indepen-
dent predictor of cancer occurrence.
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Prevalence and type of cancer recorded in this 
study were in accordance with literature data 
on general cancer statistics, where the probabi-
lity of developing cancer is the largest for the 
following five cancer types: prostate, breast, 
lung and bronchus, colorectal, uterine corpus 
and cervix (25). Extensive research has shown 
that DM2 itself is associated with an increased 
risk of cancer (26-33), as well as with increased 
rate of mortality in patients with cancer (34). The 
mechanisms of such an increased cancer risk in 
the patients with DM2 may be related to insulin 
resistance, hyperinsulinemia, proinflammatory 
status and increased oxidative stress (35). On the 
contrary but in accordance with our results, the 
use of metformin was proposed to be an associa-
ted protective factor against cancer (1-3).
Anticancer potential of metformin has been 
shown in Libby et al. (2009) observational co-
hort study among people with DM2. In this study 
metformin users had significantly lower risk of 
overall cancer incidence  (7.3% vs. 11.6%) (2), 
like in our study (2.1 vs. 27.3%). In addition, our 
results, even in a small sample, have shown that 
metformin contibutes significantly to the predic-
tive abilitiy of the model, which indicates that  an 
increase of metfomin use will result in decreased 
probability of the cancer occurrence (B=-3.015; 
OR=0.049; 95% CI 0.013−0.181).  Accordingly, 
in systematic review and meta-analysis of 47 
independent studies with 65540 cancer cases in 
patients with DM2, Gandini et al. (2014) repor-
ted overall cancer incidence reduction in 31% 
with summary relative risk (SRR) 0.69 (95% CI: 
0.52−0.90) and cancer mortality in 34% patients 
with  SRR 0.66 (95%CI: 0.54−0.81) (1). 
Our findings refer to the use of metfomin in mo-
notherapy, while a population-based cohort study 
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SAŽETAK

Cilj U cilju povećanja baze podataka vezane za antikancerski potencijal metformina, istražili smo po-
vezanost rizika pojave karcinoma i primjene metformina u pacijenata s dijabetesom melitusom tipa 2 
(DM2). 

Metode U prikazanoj presječnoj studiji obrađeni su medicinski kartoni pacijenata s DM2 na pojavu 
karcinoma. Analizirani su sljedeći parametri: starost pacijenta, indeks tjelesne mase (BMI), konzumaci-
ja alkohola i nikotina, vrijednost glukoze i HbA1c, dužina trajanja DM2, lijekovi koji se primjenjuju i 
pojava karcinoma. U statističkoj analizi za poređenje tretmanskih grupa korišten je nezavisni Studentov 
t-test ili Mann-Whitneyev U-test, a logistička regresija za analizu varijabli kao prediktora pojave karci-
noma. Statistički značajna smatrana je vrijednost p˂ 0.05.

Rezultati U istraživanje su bila uključena 234 pacijenta, prosječne starosti 66,8±11,5 godina i prosječ-
nim trajanjem DM2 7± 6,49 godina. Prosječna vrijednost glukoze iznosila je 8,51±4,17mmol/L i HbA1c 
7,74±1,53. Metformin je primijenjen kod 190 (81%) pacijenata. Karcinom je dijagnosticiran kod 16 
(6,8%) pacijenata, odnosno karcinom prostate kod osam (3,4%), karcinom dojke kod četiri (1,7%), kar-
cinom debelog crijeva kod dva (0,9%) te karcinom uterusa i cerviksa kod po jednog pacijenta. Starost, 
dužina trajanja DM2 i BMI nisu značajno utjecali na model, dok se metfomin pokazao kao signifikantan 
neovisni prediktor smanjenog rizika pojave karcinoma (OR=0,049; 95% CI=0,013−0,181; p=0,001).

Zaključak Rezultati našeg istraživanja potvrdili su hipotezu da je primjena metfomina u odnosu na 
druge oralne antidijabetike povezana s manjim rizikom pojave karcinoma u pacijenata s DM2. 

Ključne riječi: hipoglikemici, dijabetes tipa 2, neoplazme

Kusturica et al. Metformin use and risk of cancer
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ABSTRACT

Aim To investigate the effects of carbocisteine treatment in the 
reduction of frequency of productive cough episodes, preventing 
disease progression and improving the quality of life as well as the 
tolerability of the administered treatment and patient compliance 
during the study.

Methods This observational, non-interventional, multicenter, 
cohort study included 501 patients with chronic obstructive pul-
monary disease (COPD) who were administrated carbocisteine 
capsules 375 mg and followed up during the next 15 days. The 
patients were observed at 3 points, baseline and two additional 
assessments. General clinical condition of patients, along with the 
spirometry testing at all three points were examined. Thr quality 
of life was assessed on the 1st and 3rd observation with Leicester 
Cough Questionnaire. Tolerability and patient compliance were 
measured throughout the study.

Results There was a significant change of forced expiratory vo-
lume in 1 second (FEV1) status between the second and third ob-
servation (p=0.002). Examination of general symptoms showed a 
statistically significant reduction in cough by 74.9%, in sputum 
production by 48.5%, in dyspnea by 29% and in fatigue by 50%. 
After the administration of carbocisteine the median value of ove-
rall quality of life was 3.79 (3.63 – 3.89).

Conclusion 375mg carbocisteine capsules were found to be effec-
tive and well-tolerated in the treatment of COPD, with a small per-
centage of reported mild adverse reactions and with a significant 
improvement of quality of life.  

Keywords: lung disease, cough, expectorants 
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) 
is a leading cause of mortality and morbidity 
both in developed and developing countries that 
is mainly characterized by progressive and not 
fully reversible airflow limitation (1). There are 
wide variations in the prevalence of COPD acro-
ss countries (2). The COPD is common in older 
population and is highly prevalent in those aged 
over 75 years. The Burden of Obstructive Lung 
Disease (BOLD) study from 12 sites involving 
9425 subjects, who had completed post broncho-
dilator spirometry testing, found that the overall 
prevalence of COPD of GOLD stage II or higher 
was 10.1 per cent and the prevalence was 11.8 
per cent for men and 8.5 per cent for women (2).
According to the Health institute of the Federati-
on of Bosnia and Herzegovina, a leading cause of 
morbidity of patients in the Federation of Bosnia 
and Herzegovina are the diseases of the respiratory 
system with 30% of share. They are also the lar-
gest burden for the primary care units in the Fede-
ration of Bosnia and Herzegovina. In the structure 
of morbidity, the most common respiratory system 
diseases are acute respiratory infections (70.7%) 
and COPD (6.4%). For most patients, the diagno-
sis of COPD is made in the mid – fifties. 45-65% 
of COPD patients are not diagnosed because dys-
pnea and fatigue are commonly associated with 
normal process of aging, and the smoker’s cough 
is considered normal (3).
COPD is characterized by a decline in lung func-
tion over time and accompanied by respiratory 
symptoms, primarily dyspnea, cough, and spu-
tum production (4).Active smoking remains the 
main risk factor, but other factors are becoming 
better known, such as occupational factors, infec-
tions and the role of air pollution (5).Current data 
suggest that COPD mortality is increasing, and 
by 2020, COPD is predicted to be the third-lea-
ding cause of death worldwide (4).
Guidelines from the Czech Republic, England 
and Wales, France, Germany, Poland, Portugal, 
Russia and Sweden stratified patients on the basis 
of the degree of airflow limitation into the four 
stages set forth in the Global Initiative for Chro-
nic Obstructive Lung Disease (GOLD) strategy, 
as follows. Stage 1 (mild): FEV1 (forced expi-
ratory volume) ≥80% predicted; stage 2 (mode-

rate): FEV1 50–79% predicted; stage 3 (severe): 
FEV1 30–49% predicted; and stage 4 (very seve-
re): FEV1 <30% predicted (6).
Health-related quality of life (HRQOL) is a mul-
ti-dimensional concept that includes domains 
related to physical, mental, emotional and social 
functioning (8). The Leicester Cough Questionna-
ire (LCQ) is a 19-item questionnaire that assesses 
cough-related QOL and takes 5 to 10 minutes 
to complete. Scores in three domains (physical, 
psychological and social) are calculated as a mean 
for each domain (range 1 to 7). A total score (range 
3 to 21) is also calculated by adding the domain 
scores together. Higher scores indicate better qua-
lity of life (8). In this study, the LCQ used was in 
the Bosnian language. Because the LCQ is a mea-
sure originally developed in the English language, 
it should be translated to the target language, in 
our case Bosnian, and adapted to the social and 
cultural circumstances of the target country (8).
Over the years evidence has accumulated that mu-
cus hypersecretion is an important manifestation 
of chronic obstructive pulmonary disease (COPD). 
In the classical phenotype of chronic bronchitis, 
mucus hypersecretion is the key presenting symp-
tom that appears independent of airflow obstructi-
on (9). A large number of studies have been perfor-
med on the use of mucolytic drugs in the treatment 
of chronic bronchitis and COPD (9). These studies 
clearly demonstrate that treatment with mucoac-
tive drugs reduces exacerbations in patients with 
COPD with virtually no side-effects, though the 
mechanisms by which these effects might be ob-
served are still unclear (9).
The aim of this study was to examine the effects 
of carbocisteine treatment in the reduction of the 
frequency of productive cough episodes, pre-
venting disease progression and improving the 
quality of life as well as the tolerability of the 
administered treatment and patient compliance 
during the study.

PATIENTS AND METHODS 

Patients and study design

An observational, non-interventional, multicen-
ter, cohort study in 15 medical centers from major 
cities of Bosnia and Herzegovina including Sara-
jevo, Tuzla, Zenica, Žepče, Gradačac, Ljubače, 
Bukinje, Devetak, Kalesija, Tešanj, Hadžići and 
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Ilijaš was conducted. The study included a total 
of 501 patients with COPD, who were admitted 
to a family medicine practice at the primary he-
althcare level in the period from February 2016 to 
April 2016. The patients were administered car-
bocisteine capsules 375 mg manufactured by Bo-
snalijek Sarajevo and followed up 15 days after 
the start of carbocisteine administration. Criteria 
for inclusion in the study included patients with 
stage I COPD (FEV1/FVC <70 %; FEV >80%), 
patients with stage II COPD (FEV1/FVC < 70%; 
50% < FEV1< 80%) and patients with productive 
cough for a period longer than three months a year. 
The clasification is based on the GOLD Classifica-
tion of severity of airflow obstruction (6).
Patients who showed hypersensitivity to car-
bocisteine or had an active peptic ulcer were 
not included in the study, and the patients who 
showed deterioration of the underlying disease, 
development of serious adverse events that requ-
ire discontinuation of the therapy or developed 
a disease that affected the flow of research were 
excluded from the study.

Methods

Patients were observed at 3 time points, e.g. the 
first baseline and two additional control asse-
ssments. For assessments of HRQOL on COPD 
the cough-specific quality-of-life questionnaire, 
Leicester cough questionnaire (LCQ) was used 
(8), since the questionnaire addresses some of the 
main symptoms of COPD. 
The FEV1 in the first second obtained by spiro-
metry, before and after the treatment with car-
bocisteine capsules 375 mg, was measured. For 
result comparison general guidelines were used 
as the criteria for defining airflow obstruction 
in the diagnosis of COPD. Blood examination 
including C - reactive protein (CRP), leukocytes 
(LKC) and sedimentation (SE) as well as the 
patient’s general symptoms were examined.
First observation (day 0) included spirometry and 
an assessment of whether the inclusion criteria 
were met. Patients were further divided into two 
groups based on the spirometry: Group A - pati-
ents with stage I COPD and Group B – patients 
with stage II COPD. The first observation also 
includes an assessment of the quality of life ba-
sed on the validated LCQ. The second observation 
was performed on the 5th day and included only an 

assessment of the general clinical condition of the 
patient along with spirometry. Third observation 
was performed on the 15th day (from the start of 
the study) and included a final assessment of the 
effectiveness of the treatment based on the impro-
vement of the patient’s general condition, spiro-
metry as well as the assessment of the quality of 
life based on the LCQ. After 15 days, effectivene-
ss, tolerability and patient compliance were also 
recorded. The measurements of the study outco-
mes was independent from the study investigators.
The drug effectiveness was assessed on the basis 
of physician’s examination of the patients. The sa-
fety of the product administration was observed by 
monitoring the incidence of adverse reactions of 
drugs with the assessment of the relation between 
drug administration and adverse reaction occu-
rrence (certain, probable, possible, not probable, 
unclassified relation and non-classifiable).

Statistical analysis

The study results were presented as the mean value 
(X) and standard deviation (SD) for variables that 
followed a normal distribution, or as a median and 
interquartile range for variables that did not follow 
a normal distribution and as absolute and relative 
numbers. Evaluation of categorical variables was 
performed by the χ2- test for independent vari-
ables or by the McNemar’s test for dependent cat-
egorical data. Fridman test was used for dependent 
variables that are ordinal. The accepted statistical 
significance was set at the level p<0.05.

RESULTS

The study included a total of 501 patients with 
COPD, who met the inclusion criteria. Out of 
the total of 501 patients, 273 (54%) were males 
and 228 (46%) were females with no significant 
difference in gender distribution. The average 
age of the patients was 52±17.3 years. Out of the 
total of 501 patients, 222 (44%) were smokers 
and 279 (56%) were non-smokers. The patients 
were given carbocisteine during 15 days. Primary 
dosage was two capsules of carbocisteine 375 mg 
three times a day for the first five days. Mainte-
nance dosage was one capsule of carbocisteine 
375 mg four times a day for the next ten days.
The FEV1 in the first second did not show a si-
gnificant change in the status of patients between 
the first and second observation (p=0.092). There 
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was a significant change of FEV1 status betwe-
en the second and third observation (p=0.002) 
(Table 1). During the first observation 2.5% of 
patients had FEV1 < 30%. During the second 
observation 2.27% of patients had FEV1 < 30% 
and during the third observation a significant 
change was noticed, 0.62% patients had FEV1 < 
30%. During the first observation 23.29% pati-
ents had FEV1 between 30-50%, during the se-
cond observation the percentage of patients with 
FEV1 between 30-50% was 19.32% and during 
the third observation it was 18.63%. During the 
first observation 62.33% of patients had FEV1 
between 50-80% from expected. During the se-
cond observation the percentage of patients with 
FEV1 between 50-80% increased to 65.91% and 
during the third observation the percentage of 
patients was lowered to 52.18%. During the first 
observation 12.33% of patients had FEV1>80 % 
than expected. During the second observation the 
percentage of patients was 12.5% and during the 
third observation the percentage of patients with 
FEV1>80% was 28.5%.

before the treatment was 9.10 (7.10 – 11.19) and 
the median value after the administration of carbo-
cisteine was 7.88 (6.30 – 9.10). Also, the median 
value for sedimentation before the treatment was 
16.00 (10.00 – 24.00) and the median value after 
the treatment was 11.00 (7.50 – 17.00). These re-
sults show a significant reduction in all three po-
ints of blood examination (p=0.001).

FEV1 (%) FEV1 
(%)

Obstruc-
tion
level (%)

Ob-
serva-
tion I

Obser-
vation 

II

Change 
from obser-
vation I to II 

(%)

p
Obser-
vation 

III

Change 
from obser-
vation II to 

III (%)

p 

<30.00 2.05 2.27 0.22 0.092 0.62 -1.65 0.002
30.01 – 
50.00 23.29 19.32 -3.97 0.092 18.63 -0.69 0.002

50.01 – 
80.00 62.33 65.91 3.58 0.092 52.17 -13.74 0.002

80.01 + 12.33 12.50 0.17 0.092 28.57 16.07 0.002

Table 1. Results of forced expiratory volume (FEV) 1spirom-
etry measurements in patients with chronic obstructive 
pulmonary disease (COPD) before and after the administra-
tion of carbocisteine

General 
symptoms

Observati-
on I (%)

Observati-
on II (%)

Observati-
on III (%)

Change 
from obser-
vation I to 

III (%)

p 

Cough 485 (96.9) 346 (69.1) 110 (22) -74.9 0.0001
Sputum 
production 396 (79) 326 (65) 153 (30.5) -48.5 0.0001

Dyspnea 194 (39) 131 (26) 48 (10) -29 0.0001
Fatigue 323 (65) 167 (33) 77 (15) -50 0.0001

Table 2. Presence of general symptoms in patients with 
chronic obstructive pulmonary disease (COPD) before and 
after the administration of carbocisteine

Figure 1. Quality of life in all three domains before and after 
the administration of carbocisteine

Examining general symptoms in patients with 
COPD before and after the treatment with carbo-
cisteine, a significant reduction in the number of 
patients with cough, sputum production, dyspnea 
and fatigue was found (Table 2). There was also a 
significant reduction of CRP, LKC and SE before 
and after the treatment with carbocisteine. Blood 
examination showed a significant improvement 
after the treatment with carbocisteine in the num-
ber of patients involved in the study. The median 
value of CRP before the treatment was 5.75 (2.08 - 
9.85) and after the treatment the median value was 
4.0 (2.0 – 5.5). The median value for leukocytes 

Patients’ quality of life (Leicester Cough Ques-
tionnaire)

The median value for physical domain was 3.63 
(3.25 – 4.0) before  the treatment. After the ad-
ministration of carbocisteine the median value 
for physical domain was 3.88 (3.64 – 4.0).  The-
se results showed a significant improvement of 
physical domain (p=0.0001).
The median value for psychological domain be-
fore the treatment with carbocisteine was 4.14 
(3.71 – 4.4) and the median value after the tre-
atment was 3.57 (3.43 – 3.86), which shows a 
significant deterioration of psychological domain 
(p=0.0001).
When it comes to social domain there was no 
significant improvement (p=0.722).  Before the 
treatment, the median value for social domain 
was 3.75 (3.5 – 4.25). After the treatment, the 
median value for social domain was 4.0 (3.5 – 
4.0) (Figure 1).

Alibašić et al. Carbocisteine in the treatment of COPD
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Examining the results of overall assessment of 
quality of life obtained by the LCQ before and 
after the treatment, we found no significant im-
provement of the quality of life in patients invol-
ved in the study (p=0.065).
The median value of overall quality of life before 
the treatment was 3.84 (3.53 – 4.16). After the 
administration of carbocisteine the median value 
of overall quality of life was 3.79 (3.63 – 3.89).

DISCUSSION 

This study was conducted to show the effective-
ness of carbocisteine in patients with COPD that 
was measured as an improvement in the gene-
ral clinical features as well as the quality of life 
conditions. Examination of general symptoms 
in patients before and after the treatment with 
carbocisteine showed a statistically significant 
reduction in cough by 74.9%, in sputum produc-
tion by 48.5%, in dyspnea by 29% and in fatigue 
by 50%. The overall results of spirometry testing 
showed a reduction in airflow obstruction in pa-
tients with all stages of COPD (I, II, III and IV).  
S-Carboxymethylcysteine (carbocysteine or 
SCMC) is a mucoactive drug with antioxidant and 
anti-inflammatory properties, and is commonly 
used for the treatment of COPD. Pre-clinical and 
clinical studies on the pharmacological properties 
of SCMC have demonstrated that this cysteine de-
rivative has the ability to increase the synthesis of 
sialomucins, important structural components of 
mucus. In effect, SCMC resets the balance betwe-
en sialomucins and fucomucins, possibly by intra-
cellular stimulation of sialyl transferase activity, 
restoring the viscoelastic properties of mucus (10).
Carbocisteine is available as an oral preparation 
both as SCMC and its lysine salt (SCMC-Lys). 
The structure and mechanism of action of carbo-
cisteine differs from other commonly available 
mucolytic drugs such as N-acetylcysteine (NAC) 
and erdosteine that bear free sulfhydryl (thiol) 
groups via which they split glycoprotein bonds 
in mucus (11). Carbocisteine is well absorbed 
when taken orally. Peak serum concentrations 
are achieved at 1 to 1.7 hours and the plasma 
half-life is 1.33 hours. It achieves good pene-
tration into lung tissue and bronchial secretions. 
Approximately 30% to 60% of the drug is excre-
ted unchanged in urine (11). Thanks to its unique 
pharmacological properties, it has an excellent 

safety profile and is suitable for special groups of 
patients such as children, adults and people with 
impaired liver and/or kidney function.
This study shows that COPD exacerbation may 
have important effects on health status and is a 
useful outcome measure in clinical studies of the 
disease. Reduction of exacerbation frequency wo-
uld be expected to improve well-being, though this 
has not been formally tested in an interventional 
study.  Health status measures show a strong re-
lationship with exacerbation frequency and thus 
may be useful in determining which patients are at 
risk of exacerbation and associated disability (12).
A study conducted in 1998 has shown the impact 
of chronic cough on the quality of life. First, chro-
nic cough was significantly associated with mea-
ningful adverse psychological and physical effects 
on the quality of life. Compared with individu-
als with no health-related dysfunction, baseline 
Sickness Impact Profile (SIP) scores revealed that 
cough was associated with dysfunction in patients’ 
usual daily activities, particularly in the categories 
of ambulation, social interaction, sleep and rest, 
work, home management and recreation and pa-
stimes. Secondly, successful treatment of chronic 
cough was associated with the resolution of pati-
ents’ deterioration in the quality of life (13).
Carbocisteine reduces intercellular adhesion mo-
lecule-1 expression and blocks entry of rhinovirus 
ribonucleic acid into the endosomes. Therefore, 
carbocisteine may be useful in the prevention of 
common colds and exacerbations in COPD pati-
ents (7). The preventive effects of carbocisteine on 
acute exacerbations of COPD were investigated in 
a multicenter (n523), parallel-group, randomized 
study (7). The study showed a significant reducti-
on in the number of common colds and exacerba-
tions in the study group than in the control group. 
St George’s Respiratory Questionnaire (SGRQ) 
total score and components (impacts, symptoms, 
and activities) total score decreased in the study 
group but not in the control group, indicating that 
carbocisteine improved patients’ quality of life 
(QOL). In addition, all three component scores 
decreased in the study group, suggesting that car-
bocisteine administration improved both physi-
cal and mental aspects of QOL (7).
Most recently, PEACE study supported previous 
findings that long-term use of carbocisteine re-
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duced the rate of exacerbations of COPD. The 
advantage of carbocisteine over placebo in pre-
vention of exacerbations was note-worthy even 
after the adjustment for COPD severity and con-
comitant therapy (14). In addition to preventing 
COPD exacerbations, carbocisteine was shown 
to improve the patients’ quality of life (14).This 
finding differed from our study in which signifi-
cant improvement of the quality of life by car-
bocisteine was shown, which may indicate that 
only long-term studies may evaluate the effect of 
carbocisteine on exacerbation rate.
Future randomized controlled trials should exa-
mine the value of mucolytic drugs in patients 
who have repeated, prolonged or severe exacer-
bations or who are repeatedly admitted to hos-
pital with exacerbations of chronic obstructive 
pulmonary disease. The use of mucolytic in acute 
exacerbations of chronic obstructive pulmonary 
disease should also be studied. All of these stu-
dies should include a measure of the use of he-
althcare resources (15).
While a great deal is known about the diagnosis 
and treatment of cough, there are methodologi-
cal challenges that need to be solved in order to 
achieve further advances in our understanding of 
how to best manage patients with this common 
symptom. One of the most basic challenges is 
the development of a valid and reliable method 
by which to assess the impact of cough on the 
health-related quality of life of patients. Such a 
method would provide an important measure of 
the efficacy of cough therapies (16).

The other part of our study was focused on exa-
mining the quality of life in patients with COPD. 
The examination of physical domain showed a 
significant improvement.
The main limitation of this study is the short du-
ration as well as the limited follow up with the pa-
tients in the study. However, this study is the first 
in our region that has been conducted to show 
the importance of measurement of the quality of 
life in patients with COPD. Also, it is the first 
application of the Leicester Cough Questionnaire 
in monitoring the quality of life in patients with 
COPD in Bosnia and Herzegovina. 
Available medical evidence supports the conclu-
sion that mucolytic drugs containing carbocistei-
ne in the dose of 375 mg xx daily  in the treatment 
of chronic obstructive pulmonary disease contri-
bute to the improvement of the general condition 
of the patient and reduce cough, decrease sputum 
production, reduce dyspnea and fatigue. In addi-
tion, the therapy with carbocisteine affects the 
reduction of C – reactive protein, leukocytosis 
and sedimentation, which confirms carbocisteine 
anti-inflammatory properties. The results of our 
study show that cabocisteine has good effective-
ness and tolerability.
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Efikasnost karbocistina u tretmanu hronične opstruktivne plućne 
bolesti i njegov utjecaj na kvalitet života
Esad Alibašić1, Amira Skopljak2, Aida Čengić2, Gorana Krstović2, Nataša Trifunović2, Tarik Čatić3, Belma 
Kapo3, Meliha Mehić3, Amila Hadžimuratović4

1Centar za porodičnu medicinu, Dom zdravlja Kalesija, Kalesija, 2Dom zdravlja Kantona Sarajevo, Sarajevo, 3Bosnalijek d.d., Sarajevo, 
4Medicinski fakultet Univerziteta u Sarajevu, Sarajevo

SAŽETAK

Cilj Ispitati efekte terapije s karbocisteinom u smanjenju učestalosti epizoda produktivnog kašlja, spre-
čavanju progresije bolesti i poboljšanju kvalitete života, te podnošljivost primijenjene terapije i surad-
ljivost ispitanika tokom istraživanja. 

Metode Ova opservacijska, neintervencijska, multicentrična, kohortna studija uključivala je 501 paci-
jenta s hroničnom opstruktivnom plućnom bolesti (HOPB), kojima su ordinirane kapsule karbocisteina 
od 375 mg, te su praćeni narednih 15 dana. Pacijenti su se pratili kroz tri mjerenja: nulto i dva kontrolna. 
Opće kliničko stanje i spirometrija su praćeni tokom sva tri mjerenja. Kvalitet života je procjenjivan na 
prvom i trećem mjerenju, koristeći Leicester Cough Questionnaire. Podnošljivost terapije i suradljivost 
ispitanika su praćeni tokom čitave studije.

Rezultati Postojala je značajna promjena FEV1 statusa između drugog i trećeg mjerenja (p=0.002). 
Ispitivanje općih simptoma pokazalo je statistički značajno smanjenje kašlja za 74.9%, iskašljaja za 
48.5%, dispneje za 29% i zamora za 50%. Nakon terapije karbocisteinom srednja vrijednost kvalitete 
života iznosila je 3.79 (3.63 – 3.89).

Zaključak Primjena karbocistein kapsula od 375 mg pokazala se efikasnom, i dobro podnošljivom u 
tretmanu HOPB-a, sa rijetkim neželjenim efektima te  značajnim poboljšanjem kvalitete života pacijenata.

Ključne riječi: plućne bolesti, kašalj, ekspektoranti



189

Attainment of gross motor milestones in children with Down 
syndrome in Kosovo - developmental perspective

1Department of Physiotherapy, School of Medicine, University of Prishtina, Prishtina, Republic of Kosovo, 2School of Physical Educa-

tion, Sport and Health, Ss. Cyril and Methodius University in Skopje, Skopje, Republic of Macedonia

Corresponding author:

Samire Beqaj

School of Medicine, 

University of Prishtina

St. Bulevardi i Dëshmorve, nn, 

10 000 Prishtina, Republic of Kosovo

Phone & fax: +381 38 512 223;

E-mail: samirebeqaj@gmail.com 

ORCID ID: http://www.orcid.org/0000-

0001-5239-7263

Original submission:

11 June 2017;

Revised submission:

04 July 2017;

Accepted:

09 July 2017.

doi: 10.17392/917-17

Med Glas (Zenica) 2017; 14(2): 189-198

ORIGINAL ARTICLE

Samire Beqaj1,2, Njomza Jusaj1, Vujica Živković2

ABSTRACT

Aim To investigate the age (in months) at which motor skills are 
developed in children with Down syndrome (DS), and compare it 
to the age of the development of the same skills in both, children 
with typical development (TD), and children with DS reported by 
four other studies.

Methods Sixteen children (7 girls and 9 boys) were monthly asse-
ssed for the development of nineteen motor skills between 2008 
and 2011. The mean ages when the skills were accomplished were 
presented using descriptive statistics. Independent T-samples test 
(significance < 0.05) was used to compare the mean developmen-
tal ages from our study with those seen in children with TD (Com-
parison 1) and also in children with DS reported by four other 
authors (Comparison 2a-2d).

Results Children with DS developed at a significantly slower 
pace compared to children with TD (p=0.005). Generally, delay 
and variance of developmental age in children with DS increased 
chronologically with the complexity of the skills. No significant 
difference was found between developmental age in children from 
the present study and children with DS from other studies.

Conclusion The rate of attainment of motor skills is delayed in 
children with DS in comparison to children with TD, however, the 
developmental sequence is the same. The delayed development is 
more prominent in more complex skills.  

Keywords: motor skills, physical therapy, early intervention



Medicinski Glasnik, Volume 14, Number 2, August 2017

190

INTRODUCTION

Down syndrome is the most frequent gene-
tic intellectual disability (1). From 2005 until 
now 878 cases with Down syndrome (DS) have 
been recorded in the Republic of Kosovo, while 
approximately 30-35 children with this syndrome 
are born annually (S. Beqiri, personal communi-
cation, 2017). The prevalence of live births of 
children with DS is 11.2 in 10,000 births in Eu-
rope (2), while 9.0 to 11.8 in 10,000 births in 10 
regions of the United States (3).
One of the challenges faced by children with DS 
are the difficulties in motor development. Accor-
ding to some authors, motor development of chil-
dren with intellectual disabilities, and those with 
DS in particular, is delayed compared to typically 
developing (TD) children (4,5). On the other 
hand, other authors claim that motor development 
of children with intellectual disabilities differs 
from that of children without disability, especially 
applying to children with DS, arguing that their 
central nervous system has different physical con-
struction due to chromosomal deviations and that 
they also have a unique learning style (6). 
Children with DS have dominance of tracks of 
primitive muscle response controlled by the spi-
nal cord, compared to tracks of more coordinated 
movements (7). This happens due to poor myeli-
nation of descending brain and stem neurons and 
a reduced number of connections of neurons in 
higher nerve centres, such as the motor cortex, 
basal ganglia, cerebellum, and brain stem. These 
pathophysiologic processes in the brain change 
in size at maturity, and disorders in the central 
nervous system are observed especially after the 
6th month of life (8,9).
Characteristic motor disturbances which appear 
in children with DS and which seem to influen-
ce their motor development are reduced postural 
tone as a typical neuromuscular symptom, ina-
dequate postural control and reactions, insuffi-
cient stabilizing myogenic contractions around 
joints, disturbed proprioception and joint hyper-
mobility (7,10). It is considered that cerebellum 
hypoplasia is responsible for low muscle tone, 
problems of trunk control, balance, coordination 
and speech disorders. Furthermore, commonly 
accompanying health problems such as heart de-
fect, decreased thyroid gland function, difficulti-

es with vision and hearing, and obesity can im-
pact the motor function of a person with DS (11).
There is a limited number of studies that evalua-
ted the effect of early motor development inter-
vention in children with DS. Gross motor and 
fine motor skills of children with DS who partici-
pated in Early Intervention Programs had shown 
to improve over time (12). However, interventi-
ons in accordance with the principles of Neuro-
developmental Treatment or Vojta (techniques 
that facilitate movement with the assistance of a 
therapist using passive handling), or functional 
skills training, did not show to accelerate deve-
lopment or improve quality of movement, and 
interventions that aim to stimulate the child’s 
exploration of active motor behaviour was seen 
as a potential method to positively affect motor 
development (13,14).
Even fewer studies, such as the one carried out by 
Malak et al. (15) assessed the effect of physical 
therapy (PT) on gross motor function in children 
with DS. They found that standing and walking 
skills, among other motor skills, were signifi-
cantly delayed despite PT treatment. 
The aim of this study was to prospectively follow 
children with DS who are treated with PT and 
identify their age at the time of development of 
19 motor skills, and to compare the motor skill 
developmental age of the same children with DS 
to that of TD children, and to that of children 
with DS as reported by four other authors.

EXAMINEES AND METHODS

Examinees and study design

Sixteen children with DS (7 girls and 9 boys) 
participated in this study. All of them are of Ko-
sovar nationality and registered members of the 
Down Syndrome Kosova (DSK) organization 
(a non-governmental organization representing 
the community of people with DS in the Repu-
blic of Kosovo). The participants were receiving 
PT sessions as part of the Early Intervention and 
Education (EIE) program offered by the DSK 
between 2008-2011. Their mean age at the start 
of treatment was 10.56 months ± 6.28 months. 
Five of these children presented congenital me-
dical problems: heart disease, umbilical hernia, 
epigastric hernia, congenital cataract, right hemi-
paresis, and strabismus. 
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The permission for the development of this stu-
dy was granted by the Oversight Board for Pro-
fessional Ethics of the Ministry of Health in the 
Republic of Kosovo. An informed consent was 
obtained from all children’s parents/guardians.

Methods

Sixteen (16) children participated in this pros-
pective study. They underwent PT sessions once 
a week and each session lasted for 45 minutes. 
Sessions were offered by two physical therapists 
recruited by the DSK, and were performed only 
within the premises of this organization in the 
city of Prishtina. The mean duration of the tre-
atment was 9.5 months. 
The approach used focused on strategically te-
aching the chronologically sequenced motor 
skills, and targeting the skills of the next higher 
level. The equipment used were mats, pillows, 
sofa cushions, a table, an exercise ball, and other 
items usually found at home. Toys were a very 
important component and played a crucial role in 
motivating a child to perform desired moves nee-
ded to practice a new skill. The therapists, using 
holding and moving techniques, guided the child 
in performing the new skills, while embracing 
all components needed to learn those particular 
skills. During the mastering of a new skill, the 
tendency to use compensatory patterns was avo-
ided. Parents/guardians were present during each 
session and were instructed to practice the skill/s 
at home daily, several times a day.
Nineteen motor skills were observed and recor-
ded. The list of observed milestones was derived 
from already well-established data on motor mi-
lestones of TD children (16,17). The descripti-
on, testing method and performance criteria for 
all motor skills observed in this study are found 
in Table 1. During the course of the treatment, 
each child was assessed once a month for iden-
tification of a newly accomplished skill/s. Achie-
vement of milestones did not have to follow an 
exact sequence. Each of the skills was recorded 
as accomplished if the child was able to perform 
it three times. Only those milestones witnessed 
by the therapists were taken into consideration 
and the exact age of their accomplishment recor-
ded (skills 0-16). After the children ended the PT 
program (could walk with support), respective 
parents/guardians were asked to report the age 

of achievement of remaining motor milestones 
(skills 16-19). 
The motor milestones were in most cases presen-
ted in a successive pattern coinciding with what 
is generally seen in the literature (18). Sometimes 
it happens that general sequential presentation is 
reversed between two or more motor milestones, 
or already observed milestones might be inhibi-
ted later (19). In certain cases, development of 
a milestone was skipped, or did not occur at all, 
such as crawling. Hence, the age of achievement 
of those particular milestones is left blank.

Statistical analysis

Using descriptive statistics, the following was 
presented for each examined motor skill: number 
of children for whom the exact age of the skill 
accomplishment is recorded, range, minimal and 
maximal values, mean, standard deviation, stan-
dard error, variance, skewness, and kurtosis.
In order to compare the means of motor skill 
developmental age found in children with DS 
who participated in our study to that of TD chil-
dren (comparison 1), and also to that of chil-
dren with DS as reported by four other authors, 
Cunningham (20) (comparison 2a), Berry, An-
drews & Gunn as seen in Sacks & Buckley (5) 
(comparison 2b), Winders (21) (comparison 2c) 
and Melyn&White (22) (comparison 2d), an In-
dependent T-samples test was used. Values p< 
0.05 were considered statistically significant. A 
Cohen’s d, as an effect size measure, was also 
calculated. For comparison 1, means of 19 motor 
skills, were used. For comparisons 2a-2d, means 
of the skills which were commonly assessed in 
both comparison groups were used: comparison 
2a - 8 skills, comparison 2b – 5 skills, compari-
son 2c – 11 skills, and comparison 2d – 6 skills. 

RESULTS

In table 2 descriptive statistics were used to pre-
sent the participants’ mean age (in months) of de-
velopment of motor skills. 
In general, all motor skills were delayed. The de-
lay was more prominent in the development of a 
fine motor skill ‘grasps using thumb and index 
finger’ (18.3 months), and in skills which also in-
corporate the trunk and lower limb muscles such 
as ‘’stands with support’’ (16.9 months), ‘’gets to 
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sitting position from tummy without assistance’’ 
(16.8 months), and so on. The skills that deve-

loped the slowest were ‘’pulls himself/herself 
up to the standing position at furniture’’ (21.8 

Motor skills Testing method Performance criteria

1 Holds head straight wit-
hout support

Support the child in sitting, holding him/her firmly around his/her chest or 
shoulders.

Child holds her/his head steady for 
five seconds, the chin should not bob 

forward or to the side.

2 Grasps small objects and 
puts them into mouth

Place a toy or object in a child’s hand, wait for him/her to grasp it, and 
observe. Choose a light, well-balanced object.

The child grasps the toy and brings his/
her hand to his/her mouth while still 

holding the toy.

3
Routinely rolls from 
stomach to back and back 
to stomach

Observe the child when he/she is playing on his/her tummy/back, with the 
toys to the side out of reach.

The child deliberately rolls to his/her 
back/tummy to reach the toys. 

4
Pushes down against a 
surface when in vertical 
position

Place the child in standing, supporting him/her around his/her upper trunk.
The child maintains the standing 

position while taking most of his/her 
own weight.

5 Sits unsupported The child is placed in a sitting position. Then he/she is given a toy to play 
using both hands so that he/she does not use arms for support.

The child sits up straight with the head 
erect at least for 10 seconds. The child 
does not use arms or hands to balance 

body or support position.

6
Grasps objects with one 
hand and puts into the 
other

Place a toy (e.g. a rattle) in one hand. The child transfers a rattle to the other 
hand.

7 Grasps using thumb and 
index finger

Place a small object on the table, e.g. a raisin or similar sized-object. Draw 
the child’s attention to it and direct him to ‘take’. 

The child picks up the object with 
thumb and fingers in opposition.

8 Stands with support Place the child standing and holding onto a table or another stable object, 
with toys to play with.

The child can maintain the position, 
supporting himself/herself with the 

hands. The child no longer leans his/
her chest or arms on the support.

9
Gets to sitting position 
from tummy  without 
assistance

Place the child on tummy and encourage him/her to sit up or observe him/
her during play.

The child gets from tummy to sitting 
without assistance.

10 Pulls self-up to standing 
position at furniture

Place the child in a crawl or sitting position, in front of the table with a toy 
on it. Show the child the toy and encourage him/her to take it.

The child pulls up to stand by pushing 
down strongly on his/her arms, at the 

same time straightening both legs.

11 Crawls Place the child on tummy or in the crawl position with toys two meters in 
front.

The child crawls for two meters wit-
hout stomach touching the supporting 

surface.

12 Walks holding onto 
furniture

Place the child so that he/she is standing at a low table. Use toys to encou-
rage him/her to cruise around the table.

The child travels around the table, half-
turned in the direction of his/her travel.

13 Stands without support

Stand the child in the middle of the floor, or lean the child against the 
wall and then gently pull him/her forward away from the wall. Or lean the 
child forward against a couch and encourage him/her to stand by himself/

herself. 

The child stands unsupported for 10 
seconds.

14 May walk two or three 
steps without support

Place a child standing against the first support. Put the toys on the other 
support at a distance two to three steps away. Encourage the child to reach 

to the second support by walking.

The child can get himself/herself from 
one support to the next.

15 Walks independently Place your child standing in the middle of the floor or leaning back against 
a wall or supported by furniture. Encourage him/her to walk to you.

The child walks alone for four or five 
steps.

16 May climb stairs Ask the child to walk up the stairs.

The child steps up one step at a time, 
holding the rail with one hand, and 

with the other hand free. He/she may 
go up two feet to a step.

17 May run gently Encourage the child to run by either chasing him/her, or getting him/her to 
chase you or a ball or another child.

The child runs for at least 2 meters; 
a stiff, upright run on the whole foot, 

rather than the toes.

18 Climbs onto and down 
from furniture unsupported Ask the child to climb up a table, a chair or another piece of furniture. The child can climb up and down a 

piece of furniture without assistance.

19 Walks on tiptoes Ask the child to walk on tiptoes or demonstrate.
The child can walk on tiptoes without 
his/her heels touching the ground for 

3 meters.

Table 1. Testing method and performance criteria of 19 motor skills

Adapted from Pieterse & Treloar (43)
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months), ‘’may walk two or three steps without 
support’’ (29 months), and ‘’may run gently’’ 
(37.9 months). On the contrary, the delay in the 
age of development of the skill ‘’climbs onto and 
down from furniture unsupported’’ was not that 
large (28.2 months).
The values of standard deviation (SD) mainly 
showed an increase with chronological deve-
lopment of skills: they were lowest in skills that 
developed first, such as ‘’grasps small objects and 
puts them into mouth’’ (SD=1.5), whereas largest 
values were seen in the latter skills such as ‘’may 
run gently’’ (SD=15.3). The range and variance 
values followed the same trend as SD. 
Five different comparisons of means of motor 
skill developmental age were done. Compari-
son 1: Children with DS from the present study 
vs. children with TD (p=0.005, Cohenʼs d=1.6). 
Comparisons 2a-2d: Children with DS from the 
present study vs. children with DS reported by 
Cunningham (20) (p=0.86); Berry, Andrews & 
Gunn as seen in Sacks & Buckley (5) (p=0.72); 
Winders (21) (p=0.29); Melyn&White (22) 
(p=0.63). These results show that a statistically 
significant difference, with a very high Cohen’s 
d, was found only in Comparison 1 (Table 3).
In table 4, the mean developmental ages of the 
same motor skills as seen in TD children, and as 
seen in children with DS were descriptively pre-
sented in order to contribute to better interpreta-
tion of Table 3. 

DISCUSSION

In this study children with DS underwent PT 
sessions once a week and during this period the 
developmental age of motor skills was recorded. 
Descriptive statistics were used to present the 
sequence and age of attainment of 19 observed 
motor skills. These data were further compared 
to existing data on motor development in chil-
dren with TD, and to that of children with DS 
who participated in four other studies. A signifi-
cant difference was only found in the first com-
parison, whereas the developmental age of motor 
skills of children with DS observed in our study 
matched quite well with the data on developmen-
tal age of motor milestones in the same populati-
on reported by other studies. 
From the motor development presented in table 4 
we understand that the sequence of development 
of motor skills in this study matches the one ob-
served in TD children. No big difference was seen 
in the age of attainment of first two motor skills 

Motor skills N
(16) Range Min. Max. Mean Std. 

err
Std. De-
viation Variance Skewness Kurtosis

1 Holds head straight without support 9 7.0 4.0 11.0 6.4 0.8 2.74 7.5 0.6 1.5
2 Grasps small objects and puts them into mouth 8 4.0 4.0 8.0 5.4 0.4 1.5 2.3 0.7 2.0
3 Routinely rolls from stomach to back and back to stomach 13 12.0 5.0 17.0 8.9 0.8 3.0 8.9 1.6 4.1
4 Pushes down against a surface when in vertical position 14 20.0 4.0 24.0 9.0 1.4 5.1 25.8 2.3 5.9
5 Sits unsupported 15 7.0 5.0 12.0 8.2 0.5 2.0 4.0 0.5 0.1
6 Grasps objects with one hand and puts into the other 14 24.0 6.0 30.0 11.9 1.6 6.0 36.0 2.4 6.7
7 Grasps using thumb and index finger 12 24.0 12.0 36.0 18.3 1.9 6.7 45.5 1.7 3.9
8 Stands with support 14 37.0 11.0 48.0 16.9 2.5 9.4 88.7 3.1 10.7
9 Gets to sitting position from tummy  without assistance 13 25.0 11.0 36.0 16.8 1.7 6.3 39.3 2.6 8.3
10 Pulls self-up to standing position at furniture 13 39.0 14.0 53.0 21.8 2.9 10.5 110.6 2.5 6.9
11 Crawls (quadruped) 12 16.0 11.0 27.0 18.2 1.4 4.9 24.0 0.4 -0.5
12 Walks holding onto furniture 15 34.0 14.0 48.0 20.8 2.3 9.0 81.7 2.2 5.6
13 Stands without support 14 35.0 13.0 48.0 21.3 2.3 8.6 73.6 2.7 7.9
14 May walk two or three steps without support 12 42.0 18.0 60.0 29.0 3.3 11.5 131.3 1.9 4.8
15 Walks independently 10 44.0 19.0 63.0 32.5 3.9 12.3 152.1 1.7 4.4
16 May climb stairs 9 37.0 19.0 56.0 30.2 4.1 12.2 149.9 1.3 1.3
17 May run gently 8 52.0 20.0 72.0 37.9 5.4 15.3 235.6 1.7 4.2
18 Climbs onto and down from furniture unsupported 10 36.0 17.0 53.0 28.2 3.5 11.0 122.0 1.4 1.9
19 Walks on tiptoes 5 35.0 25.0 60.0 44.2 5.8 12.9 166.2 -0.6 1.0

Table 2. Descriptive statistics for developmental age (months) of 19 motor skills in children with Down syndrome (N=16)

Table 3. Overview of comparisons of mean motor skill devel-
opmental age

Compari-
son 1*

Compari-
son 2a†

Compari-
son 2b‡

Compari-
son 2c§

Compari-
son 2d¶

p 0.005 0.86 0.72 0.29 0.63
Cohen’s d 1.6 0.02 0.23 0.46 0.3

*Children with DS (our study sample) vs. children with TD; †Chil-
dren with DS (our study sample) vs children with DS according to 
Cunningham (20); ‡Children with DS (our study sample) vs. children 
with DS according to Berry, Andrews & Gunn as seen in Sacks & 
Buckley (5); §Children with DS (our study sample) vs children with 
DS according to Winders (21); ¶Children with DS (our study sample) 
vs. children with DS according to Melyn&White (22)
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(‘holds head straight without support’, and ‘grasps 
small objects and puts them into mouth’) between 
children from our study and TD children. From the 
3rd skill onwards (‘routinely rolls from stomach 
to back and back to stomach’) the difference in 
age increases, with the exception of the 5th skill 
(‘sits unsupported’), where hardly any difference 
is seen. The skill ‘routinely rolls from stomach 
to back and back to stomach’ was achieved at the 
mean age 8.9 months in the present study (ran-
ge 5-17 months old), somewhat later than what 
Cunningham (8 months) (20) and Berry, Andrews 
& Gun (6-7 months) (5), Winders (6-7 months) 
(21), and Melyn&White (6.38 months) (22) repor-
ted. Palisano et al. (7) predicted the probability for 
achieving the rolling skill by 6 months of age to be 
51%, and by 18 month 74%.
The unsupported sitting was achieved at around 
11-15 months of age according to Berry, Andrews 
& Gun (5), Winders (21), Melyn&White (22), 
and Vasques (23). However, the participants of 
our study showed to have achieved the same skill 
at a mean age of 8.2 months, which is similar to 
the finding of Cunningham (20) that children with 
DS sit unsupported at the mean age of 9 months.
When compared to children with TD, a more 
pronounced difference is found in the 7th skill 
(“grasps using thumb and index finger”), whe-
re mean age of its achievement in children with 
DS is 18 months, whereas in TD children it is 9 

months. When compared to other studies invol-
ving children with DS, according to Cunningham 
(20), the same skill was attained at a mean age of 
20 months, similar to what was noted in this study. 
The mean developmental age of the 13th skill 
(“stands without support”), which is one of the 
most reported milestones, was achieved by the 
participants of this study at a mean age of 22.3 
months. This corresponds to the mean deve-
lopmental age for the same skill reported in seve-
ral other studies: 21 months (5,21), 21.2 months 
(20), and 18.97-22.17 months (22). The maximal 
age for the unsupported standing seen in this stu-
dy is 48 months, which coincides with the esti-
mated probability of Palisano et al. (4) according 
to whom all children with DS are expected to 
achieve this skill by 48 months of age.
In comparison to TD children, the trend of increa-
sing difference is seen in all skills, particularly in 
the 14th and 17th (“may walk two or three steps 
without support” and “may run gently”). The age 
of attaining these two skills is more than twofold in 
children with DS compared to those with TD. The 
15th skill (“walks independently”) was attained at 
the mean age of 32.5 months in this study. When 
other studies involving children with DS were con-
sulted, a variability in the mean age of attainment 
of the same skill was found. It appeared to had 
been acquired sooner according to a few authors, 
such as at 26 months (5) and 22.72-26.09 months 

Motor skills N
(16)

Typical 
development 

(16,17)

Our 
study

Cunningham 
(20)

Berry, Andrews & 
Gunn as seen in 

Sacks & Buckley (5)

Win-
ders 
(21)

Melyn& 
White 
(22)

1 Holds head straight without support 12 4.0 6.4 5 - - 4
2 Grasps small objects and puts them into mouth 12 4.0 5.4 - - - -
3 Routinely rolls from stomach to back and back to stomach 13 6.0 8.9 8.0 6 to 7 6 to 7 6.4
4 Pushes down against a surface when in vertical position 14 6.0 9.0 - - - -
5 Sits unsupported 15 8.0 8.2 9.0 11 11 11.8
6 Grasps objects with one hand and puts into the other 14 9.0 11.9 - - - -
7 Grasps using thumb and index finger 12 9.0 18.3 20.0 - - -
8 Stands with support 14 9.0 16.9 - - - -
9 Gets to sitting position from tummy  without assistance 13 9.0 16.8 - - 17 -
10 Pulls self-up to standing position at furniture 13 9.0 21.8 15.0 17 15-17 -
11 Crawls (quadruped) 12 9.0 18.2 - - 17 12.2
12 Walks holding onto furniture 15 12.0 20.8 - - 18 -
13 Stands without support 14 12.0 21.3 18.0 21 21 20.9
14 May walk two or three steps without support 12 12.0 29.0 - 24.0 26 -
15 Walks independently 10 18.0 32.5 23 - 26 24.4
16 May climb stairs 9 18.0 30.2 - - 20 -
17 May run gently 8 18.0 37.9 48 - - -
18 Climbs onto and down from furniture unsupported 10 24.0 28.2 - - 20-22 -
19 Walks on tiptoes 5 24.0 44.2 - - - -

Table 4. The mean age (in months) of development of motor skills in typically developing children, in our study sample of children 
with Down syndrome, as well as in four other studies involving children with Down syndrome
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(22). However, our mean age for the walking skill 
compares favourably with the mean age reported 
by Vasques (23), which is 30.2 months and Hall B 
(24), who stated that the debut of walking usually 
occurred at the age of 30 months. Similarly, accor-
ding to Palisano et al. (4) the estimated probabi-
lity of walking by 30 months is 74%, while by 36 
months 92%. Also, Centerwall (25) and Carr (26) 
reported that 78-80 % of children with DS were 
able to walk by the age of 36 months. According 
to Malak et al. (15), only 10% of children with DS 
under three years of age walked at expected age, 
while 95% of those 3-6 years old. 
The data for the last skill (‘walks on tiptoes’) was 
reported for only 5 children in the present study, 
and the difference in age is almost doubled compa-
red to children with TD (TD-24 months, DS-44.2 
months). On the other hand, the difference in the 
mean age of attainment of the 18th skill (“climbs 
onto and down from furniture unsupported”) is 
only 4 months of age (TD-24 months, DS-28.2 
months). The probable reason for expressed and 
increased difference in age of attainment of mo-
tor skills after the 6th month of life are the pat-
hophysiological processes in cerebrum, change in 
its size, and disorders in central nervous system 
maturation, observed in children with DS notably 
after the 6th month of life (9). The slower motor 
development of children with DS seen in this stu-
dy coincides with the existing data on delayed mo-
tor and postural control development in this po-
pulation (4, 27-29). However, it is still ambiguous 
whether the motor development is just delayed or 
if it is a result of differently constructed central 
nervous system and unique learning style (5,10). 
High values of standard deviation (DS) indicate a 
large variability within the sample, showing that 
16 children developed same skills at quite different 
ages. Standard error (SE) values are high as well, 
meaning that mean ages of the development of 
skills in this sample cannot be very representative 
for the whole community of children with DS. The 
difference in mean age of skill attainment betwe-
en the observed sample and reference values for 
TD children increases with the complexity of the 
skill. The values of SD and SE follow the similar 
trend, letting us understand that the more complex 
the skill, the larger the variability in age of its de-
velopment in children with DS. The lowest values 
of SD and SE were found in the 2nd skill (‘grasps 

small objects and puts them into mouth’), 1.5 and 
0.4, respectively, whereas the largest range value, 
52, was seen in the 17th skill (‘may run gently’). 
Consistent with the findings of this study, a lar-
ge variability in the age of the development of 
motor skills in children with DS is also reported 
by other authors (5, 20-22). When comparing the 
results of these authors with each other, we note 
that according to Melyn&White (22) and Win-
ders (21) motor skills were acquired earlier than 
what is seen in the studies of Cunningham (20), 
and Berry, Andrews & Gun (5). 
As expected, in this study we found a statistically 
significant difference (p=0.005) with a very high 
Cohen’s d (1.6) between the developmental age of 
motor skills between the study sample of children 
with DS and the reference developmental age of 
the same skills in children with TD. This finding 
agrees with the previous studies that claim that 
motor development in children with DS is delayed 
compared to children with TD (4,5). Children with 
DS often present with health problems (30). Parti-
cipants included in the present study had noticea-
ble health difficulties. Ill health negatively impacts 
motor performance in TD population (31-33), and 
it is expected that the same applies to persons with 
DS. The slower motor development seen in the 
participants of our study was probably affected by 
the above mentioned health implications. 
Our results also show that children with DS who 
participated in this study presented with a mo-
tor developmental sequence, which did not differ 
from that of children with TD, supporting the 
stands of Cunningham (20) and Winders (21), 
while contrasting the stands of Haley (32) who 
claims the opposite. 
Another important finding was a lack of statisti-
cally significant difference between the results 
from our study in comparison to the results of four 
authors described in the statistical analysis section, 
which possibly tells us that children with DS from 
our study, who were treated with PT as part of early 
intervention program, did not physically develop 
differently from what is generally reported for the 
same population. Differently from the children in 
our study who were being treated with PT, some 
of the studies which our results were compared to 
(5,22) were carried out before the spread of early 
intervention programs, whereas others did not pro-
vide any information regarding whether their par-
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ticipants took part in early intervention programs. 
Perhaps PT, being widely offered within the fra-
mework of early information programs, does not 
affect sooner development of motor milestones 
in children with DS as commonly assumed. The 
role of PT might instead be a promotion of more 
efficient motor skills and reduction or avoidance 
of compensatory movements, which might lead to 
orthopaedic problems if left untreated (35). This 
issue has not been discussed in the present study, 
but should be explored in the future knowing from 
current studies that impaired posture and walking 
can lead to changes in step characteristics in adoles-
cence and adulthood such as slower walking, wider 
strides, longer stance and double support (36,37), 
greater lower limb muscles’ co-contraction during 
swing phase of gait (38), and lesser stability (39). 
Accordingly, it has been suggested that physical 
therapists continue to address impairments in chil-
dren with DS enhancing their participation in sport 
and leisure activities with their peers by focusing 
on coordination and balance problems, and stren-
gthening of the trunk and the legs (40).
The mean age of participants in our study at the 
time of dismissal from PT was 20.5 months, whe-
reas according to Winders (41), PT should follow 
the child’s development until the age of six. This 
stand is very much acceptable having in mind that 
more complex skills, as seen in this study, develop 
notably later in comparison to TD children. This 
is especially evident for the skills requiring body 
vertical position. Consistent with our results, the 
study of Pereira (42) showed that only 40% of chil-
dren with DS managed to pull themselves to stand 
with support by 12 months of age. In our study this 
skill was achieved at a mean age of 21 months. 
In addition, as previously mentioned, the study of 
Malak (15) showed that walking was achieved by 
95% of children with DS only at the age of six. In 
compliance with the aforementioned author, our 
results show that maximal age at which the 15th 
skill (‘Walks independently’) was developed was 
63 months or slightly more than 5 years. Also, the 
maximal age for the 17th skill (‘May run gently’) 
was 72 months or 6 years. Seeing the large varia-
bility and delay in the development of motor skills 
in children with DS, which is especially emphasi-
zed in subjects dealing with accompanying health 
problems, in order for PT to have greater impact, 
we believe the treatment should last until a toddler 

with DS achieves all motor skills needed for effi-
cient motor function, including those developing 
after independent walking, such as running and 
using stairs independently.  
Limitations of this study are a relatively small 
sample size of participants and a short duration of 
PT treatment (9.5 months). There was also a va-
riability in the age of start of the treatment (4-29 
months). Input from parents regarding the amou-
nt of time weekly dedicated to the application of 
home exercises prescribed by physical therapists 
was not taken into consideration. For future studi-
es, we recommend that the possible effect of PT 
on acceleration of mastering of motor skills sho-
uld be more thoroughly investigated in a larger 
sample size and randomly assigned participants 
into the treated and untreated groups who do not 
have accompanying health problems. Also, stan-
dardized tests, validated for children with DS sho-
uld be used. We consider that active involvement 
of parents in carrying out stimulating daily exerci-
ses as instructed by a physical therapist is manda-
tory and a key factor in optimizing motor function 
and efficiency in children with DS. The effect of 
parent engagement should be comprehensively 
examined in future studies, together with effects 
of PT on efficiency of motor skills and prevalence 
of compensatory movements in this population.
This longitudinal study showed a significantly de-
layed development of 19 motor skills in children 
with DS when compared to the reference deve-
lopmental age for the same skills in children with 
TD. As much as this was expected, it was intere-
sting to find that, despite the treatment with PT, 
no significant discrepancy was found between the 
motor developmental age of our study sample and 
other four studies involving children with DS. A 
large variability in the age of attainment of the 
skills was observed, which increased chronologi-
cally with the complexity of the skill. 
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ABSTRACT 

Aim The aim of this study is to investigate the possibilities of 
non-invasive diagnostic imaging methods, positron emission to-
mography/computed tomography (PET/CT) and CT, in clinical N 
staging of non-small cell lung cancer (NSCLC).

Methods Retrospective clinical study included 50 patients with 
diagnosed NSCLC who have undergone PET/CT for the purpose 
of disease staging. The International association for the study of 
lung cancer  (IASLC) nodal mapping system was used for analysis 
of nodal disease. Data regarding CT N-staging and PET/CT N-
staging were recorded. Two methods were compared using χ2 test 
and Spearman rank correlation coefficient. 

Results Statistical analysis showed that although there were some 
differences in determining the N stage between CT and PET/CT, 
these methods were in significant correlation. CT and PET/CT fin-
dings established the same N stage in 74% of the patients. In five 
patients based on PET/CT findings the staging was changed from 
operable to inoperable, while in four patients staging was changed 
from inoperable to operable.

Conclusion PET/CT and CT are noninvasive methods that can be 
reliably used for N staging of NSCLC.

Key words: pulmonary cancer, multimodal imaging, lymph nodes 
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INTRODUCTION

Lung cancer is a malignant disease with the 
highest mortality rate despite advances in diagno-
sis, staging and treatment (1). Of the total number 
of diagnosed lung cancers, 75-85% are classified 
as non-small cell lung cancer (NSCLC) (2). 
Best results in the treatment and long-term sur-
vival are achieved when surgical resection of the 
cancer is possible. Accurate staging of NSCLC is 
obligatory (3) in order to properly select the pa-
tients who will have the benefits of surgical tre-
atment and to mitigate unnecessary surgical pro-
cedures in the advanced stages of the disease (4). 
The NSCLC staging is based on the TNM system, 
using the tumour (T), node (N) and metastasis 
(M) evaluations provided by non-invasive and 
invasive procedures (5). Traditionally, computed 
tomography (CT) of thorax and upper abdomen 
is used for the staging of NSCLC, while recently 
there is a tendency to use positron emission to-
mography/computed tomography (PET/CT). 
This method combines anatomic information of 
CT and metabolic information of the PET (6).
Accurate N staging is an important prognostic 
factor and is critical in deciding the best tre-
atment option. Stage N1 and N2 of the disease 
may be resectable, while N3 is considered to be 
inoperable and could treated with concurrent 
chemo-radiation therapy (7). 
Mediastinal nodal disease is evaluated using CT 
scan and more recently PET/CT has been used 
for the evaluation of metastatic spread in the 
mediastinal lymph nodes (8). Size of the lymph 
node is the criterion used on CT scan to distin-
guish benign from malignant nodes: a node with 
short axis diameter of more than 1 cm is gene-
rally considered to be malignant (9-11).
The use of size cut-off can be problematic becau-
se inflammatory lymph nodes larger than 1 cm 
can be considered as malignant and metastatic 
lymph nodes smaller than 1 cm can be considered 
as benign (12). On the other hand, hybrid ima-
ging method PET/CT enables obtaining anatomi-
cal data regarding the presence and size of lymph 
nodes as well as functional information regarding 
eventual pathological metabolic activity in these 
lymph nodes (7,13).
The aim of this study was to investigate the pos-
sibilities of CT and PET/CT non-invasive diag-

nostic imaging methods in clinical N staging of 
NSCLC.  Results of this study should provide 
additional information that should be considerd 
when deciding on a diagnostic method to be used 
for staging of NSCLC, e. g. whether to give the 
preference to traditional method - CT or insist on 
the newer method - PET /CT. 

PATIENTS AND METHODS

Patients and study design

The retrospective clinical study conducted at the 
Radiology Clinic of the University Clinical Cen-
tre of Sarajevo, Bosnia and Herzegovina, during 
the period June 2015 – October 2016 included 50 
patients with diagnosed NSCLC who have under-
gone PET/CT for the purpose of disease staging.
Before the realisation of PET/CT examination for 
the purpose of staging, diagnosis of NSCLC was 
confirmed based on histopathological analysis of 
tumour tissue samples obtained during bronchos-
copy or by biopsy under CT control for all pati-
ents included in the study.

Methods

The PET/CT was performed using a scanner GE 
Discovery (GE Healthcare, General Electric, 
Milwakee, Viskonsin, USA). Multislice CT and 
PET emission data were acquired from the skull 
to the mid-thigh in all the patients. Image acqui-
sition started 60 min after intravenous injection 
of 370–550 MBq of 18F-FDG. CT (120 kV; auto 
mA: 15-200 mAs; slice thickness for CTAC – 
3.75 mm and for interpretation – 1.25 mm; pitch 
– 1.75; rotation time, 0.8 s) was performed. CT 
scan was acquired in a middle respiratory posi-
tion. Directly after CT, the PET acquisition was 
started. The acquisition time was 1.45 min per 
bed position (5–8 bed positions per patient). Dur-
ing imaging of the chest, patients were instructed 
to breathe shallowly. Each position had 35 scan-
ning planes with a 14.6-cm longitudinal field 
of view and a 1-slice overlap between scanning 
positions. PET images were reconstructed using 
CT attenuation correction and an ordered-subset 
expectation maximization algorithm. Scans were 
evaluated separately for CT alone and combined 
PET/CT using standard criteria for the evaluation 
of CT and PET/CT. 
The International Association for the Study of 
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Lung Cancer  (IASLC) nodal mapping system 
was used for an analysis of nodal disease (14).
CT findings were analysed and the study was in-
terpreted as positive based on shape and size of 
mediastinal lymph nodes. Lymph nodes were me-
asured on the short-axis diameter and lymph no-
des were considered abnormal if they were 1 cm 
or greater in short axis diameter on CT (15,16).
PET images were analysed qualitatively for re-
gions of focally increased glucose metabolism 
as well as quantitatively by determining standar-
dized uptake values. An increase in the glucose 
uptake to a level greater than that in the surro-
unding tissue at qualitative analysis and a stan-
dard glucose uptake value of more than 2.5 were 
considered to characterize malignancy. For fused 
PET/CT data sets the same criteria used to deter-
mine malignancy among the individual CT and 
PET data sets were applied. However, lymph no-
des with increased glucose uptake were deemed 
positive for metastatic spread even when they 
were smaller than 1 cm in short-axis diameter. 
PET-negative lymph nodes were characterized as 
benign even when they were larger than 1 cm in 
short-axis diameter (17).
Data regarding CT N-staging, PET/CT N-staging 
and sex were also recorded.

Statistical analysis

The test results were analysed using descriptive 
statistics, which included determining the abso-
lute values (N) and percentage (%). Two meth-
ods were compared using χ2 test and Spearman 
rank correlation coefficient. Accepted statistical 
significance was p<0.05.

RESULTS 

Of the total of 50 patients, 25 (50%) were males 
and 25 (50%) were females. 
Statistical analysis showed that although some 
differences in determining the N stage between 
CT and PET/CT were found there was signi-
ficant correlation between these two methods 
(rho=0.723; p = 0.0001). According to both met-
hods the majority of the cases were staged as N2 
both according to CT (21; 42.0%) and PET/CT 
(17; 34.0%) while the least number of cases were 
staged as N3 both according to CT (5; 10.0%) 
and PET/CT (10; 20.0%) (Table 1).

CT and PET/CT findings established the same N 
stage in 37 (74%), while the staging was not ana-
logous in 13 (26%) patients.
In four (6%) patients PET/CT determined lower 
N stage of NSCLC comparing to CT, while in 
nine (18%) patients   PET/CT determined higher 
N stage comparing to CT (Table 2).

No (%) of patients
N stage CT PET-CT
N0 8 (16.0) 11 (22.0)
N1 16 (32.0) 12 (24.0)
N2 21 (42.0) 17 (34.0)
N3 5 (10.0) 10 (20.0)
Total 50 (100.0) 50 (100.0)

Table 1. N staging of patients with diagnosed non-small cell 
lung cancer (NSCLC) based on positron emission tomogra-
phy/computed tomography (PET/CT) and CT imaging

N stage CT PET-CT change
No (%) of patients

Up-staged
N0  0
N1 4 (8.0) in N2
N1 1 (2.0) in N3
N2 4 (8.0) in N3
N3 0
Total 9 (18.0)
Down staged
N0  0
N1  0
N2 3 (6.0) in N0
N2 1 (2.0) in N1
N3  0
Total 4 (8.0)

Table 2. Changes of CT based N staging compared to positron 
emission tomography/computed tomography (PET/CT) findings

Changes of N stage based on PET/CT findings 
were presented in 13 patients. In five patients 
based on PET/CT findings the N stage changed 
from operable to inoperable (N1 to N2 in four 
and to N3 in one case), while in four patients 
staging changed from inoperable to operable 
(N2 to N0 in three cases and to N1 in one case) 
(Table 2). Due to small counts it was impossible 
to conduct valid statistical analysis (χ2=58.182; 
p=0.0000000001).

DISCUSSION

Considering the increasing number of diagnosed 
cases of NSCLC and all advances in the therapy 
of this disease, the correct staging is essential in 
order to avoid unnecessary surgery (3).
The gold standard for the evaluation of metasta-
tic involvement of hilar and mediastinal lymph 
nodes is mediastinoscopy. Since the mediastinos-

Vegar Zubović et al. Non-invasive N staging of lung cancer
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copy is an invasive method, the tendency is to re-
place it with non-invasive methods such as PET/
CT and CT (6). Numerous studies have demon-
strated higher sensitivity and specificity of PET/
CT compared to CT in N staging of NSCLC. The 
conclusion of those studies is that when it comes 
to N staging NSCLC the preference should be 
given to PET/CT as a non-invasive method of 
choice (17,18).
In our study we did not observe a significant 
difference in N staging based on PET/CT and 
CT examinations. Such result can be explained 
by the fact that the CT scans were analysed by a 
radiologist with extensive experience in thoracic 
radiology who deals with NSCLC staging on a 
daily basis. Also, the limited number of patients 
should be taken into account and the fact that pa-
tients did not undergo mediastinoscopy, which is 
the gold standard for determining the N staging.
However, in our study out of the total number of 
discrepant findings regarding N staging, based on 
PET/CT N staging five patients were reclassified 
from operable stage of the disease to inoperable 

stage which assumes chemo-radiotherapy and the 
postponing of surgical procedures, while four pa-
tients were under-staged from inoperable to ope-
rable stage of the disease. An additional advanta-
ge of PET/CT certainly is that this method allows 
analysis of larger regions with the consequent 
possibility of detecting distant metastases which 
influence the staging of disease, all conducted si-
multaneously without requiring the patient to be 
exposed to multiple and different examinations 
(18). On the other hand CT is, especially in the 
South East European countries, far more accessi-
ble and more widespread method.
In conclusion, both PET/CT and CT are nonin-
vasive methods that can be reliably used for N 
staging of NSCLC.

FUNDING

No specific funding was received for this study. 

TRANSPARENCY DECLARATIONS 

Competing interests: none to declare.

REFERENCES

1. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei 
AA. Non-small cell lung cancer: epidemiology, risk 
factors, treatment, and survivorship. Mayo Clin Proc 
2008; 83:584-94.

2. Janssen-Heijnen ML, Coebergh JW. Trends in inci-
dence and prognosis of the histological subtypes of 
lung cancer in North America, Australia. New Zea-
land and Europe. Lung Cancer 2001; 31:123-37. 

3. Detterbeck FC,Boffa DJ, Kim AW,  Tanoue LT. The 
Eighth  Edition Lung Cancer Stage Classification. 
Chest 2017; 151:193–203.

4. Kung BT, Yong TK, Tong CM. The pearl of FDG 
PET/CT in preoperative assessment of patients with 
potentially operable non-small cell lung cancer and 
its clinical impact. World J Nucl Med 2017; 16:21–5.

5. Goldstraw P, Crowley J, Chansky K, Giroux DJ, 
Groome PA, Rami-Porta R, Postmus PE, Rusch V, 
Sobin L, International Association for the Study of 
Lung Cancer International Staging Committee, Par-
ticipating Institutions. The IASLC Lung Cancer Sta-
ging Project: proposals for the revision of the TNM 
stage groupings in the forthcoming (seventh) edition 
of the TNM Classification of malignant tumours. J 
Thorac Oncol 2007; 2:706–14.

6. Chao F, Zhang H. PET/CT in the staging of the non-
small-cell lung cancer. J Biomed Biotechnol 2012; 
2012:783739. 

7. Purandare NC, Rangarajan V. Imaging of lung can-
cer: implications on staging and management. Indian 
J Radiol Imaging 2015; 25:109–20. 

8. Gao SJ, Kim AW, Puchalski JT, Bramley K, 
Detterbeck FC, Boffa DJ, Decker RH. Indications 
for invasive mediastinal staging in patients with 
early non-small cell lung cancer staged with PET-
CT. Lung Cancer 2017; 109:36-41.

9. Beigelman-Aubry C, Dunet V, Brun AL. CT ima-
ging in pre-therapeutic assessment of lung cancer. 
Diagn Interv Imaging 2016; 97:973-89. 

10. Dwamena BA, Sonnad SS, Angobaldo JO, Wahl RL. 
Metastases from non-small cell lung cancer: media-
stinal staging in the 1990s – meta-analytic compa-
rison of PET and CT. Radiology 1999; 213:530–6. 

11. Ikezoe J, Kadowaki K, Morimoto S, Takashima S, 
Kozuka T, Nakahara K. Mediastinal lymph node me-
tastases from non-small cell bronchogenic carcino-
ma: reevaluation with CT. J Comput Assist Tomogr 
1990; 14:340–4.

12. Mattes MD, Weber WA, Foster A, Moshchinsky 
AB, Ahsanuddin S, Zhang Z, Shi W, Rizk NP, Wu 
AJ, Ashamalla H, Rimner A. A predictive model 
for lymph node involvement with malignancy on 
PET/CT in non-small cell lung cancer. J Thorac On-
col 2015; 10:1207-12. 

13. Vaz AP, Fernandes G, Souto Moura C, Bastos P, 
Queiroga H, Hespanhol V. Integrated PET/CT in 
non-small cell lung cancer staging – clinical and 
pathological agreement. Rev Port Pneumol 2012; 
18:109-14. 



203

14. Asamura H, Chansky K, Crowley J, Goldstraw P, 
Rusch VW, Vansteenkiste JF, Watanabe H, Wu YL, 
Zielinski M, Ball D, Rami-Porta R. International 
association for the study of  lung cancer staging and 
prognostic factors committee, advisory board mem-
bers and participating institutions. The International 
association for the study of lung cancer lung can-
cer staging project: proposals for the revision of the 
N descriptors in the forthcoming 8th edition of the 
TNM classification for lung cancer. J Thorac Oncol 
2015; 10:1675-84. 

15. Moon Y, Lee KY, Kim KS, Park JK. Clinicopatho-
logic correlates of postoperative N1 or N2 nodal up-
staging in non-small cell lung cancer. J Thorac Dis 
2016; 8:79-85. 

16. Verschakelen JA, De Wever W, Bogaert J. Role of 
computed tomography in lung cancer staging. Curr 
Opin Pulm Med 2004; 10:248-55.

17. García de Castro AB, Domínguez JF, Bolton 
RD, Pérez CF, Martínez BC, García-Esquinas 
MG, Carreras Delgado JL. PET-CT in presurgical 
lymph node staging in non-small cell lung cancer: 
the importance of false-negative and false-positive 
findings. Radiologia 2017; 59:147-58. 

18. Schreyögg J, Weller J, Stargardt T, Herrmann K, 
Bluemel C, Dechow T, Glatting G, Krause BJ, 
Mottaghy F, Reske SN, Buck AK. Cost-effectivness 
of hybrid PET/CT for staging of non-small cell lung 
cancer. J Nucl Med 2010; 51:1668-75.

Pozitronska emisiona tomografija/kompjuterizirana tomografija 
(PET/CT) i CT u N-stagingu nemikrocelularnog karcinoma pluća
Sandra Vegar Zubović, Spomenka Kristić, Besima Hadžihasanović
Klinika za radiologiju, Klinički centar Univerziteta u Sarajevu, Sarajevo, Bosna i Hercegovina

SAŽETAK

Cilj Istražiti mogućnosti neinvazivnih dijagnostičkih slikovnih metoda, pozitronske emisione tomogra-
fije/kompjuterizirane tomografije (PET/CT) i CT-a, u kliničkom N-stagingu nemikrocelularnog karci-
noma pluća.

Metode Retrospektivna klinička studija obuhvatila je 50 pacijenata s dijagnosticiranim nemikrocelu-
larnim karcinomom pluća, kojima je urađen PET/CT u svrhu staginga bolesti. Za analizu zahvaćenosti 
limfnih čvorova bolešću korišten je sistem za mapiranje predložen od strane Međunarodnog udruženja 
za proučavanje karcinoma pluća. Zabilježeni su podaci koji se odnose na CT N-staging i PET/CT N-
staging. Ove dvije metode su komparirane korištenjem χ2-testa i Spearmanovog koeficijenta korelacije 
ranga. 

Rezultati Statistička analiza je pokazala, iako su ustanovljene određene razlike u određivanju N-stadija 
korištenjem CT-a i PET/CT-a, da ove metode pokazuju signifikantnu korelaciju. Nalaz CT-a i PET/CT-a 
ukazao je na isti N-stadij kod 74% pacijenata. Kod pet pacijenata, na osnovu nalaza PET/CT-a, stadij 
bolesti je promijenjen iz operabilnog u inoperabilni, dok je kod četiri pacijenta stadij promijenjen iz 
inoperabilnog u operabilni.

Zaključak PET/CT i CT su neinvazivne metode koje se mogu pouzdano koristiti za N-staging nemi-
krocelularnog karcinoma pluća.

Ključne riječi: karcinom pluća, multimodalni imaging, limfni čvorovi

Vegar Zubović et al. Non-invasive N staging of lung cancer
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ABSTRACT

Aim Concurrent chemoradiotherapy (CRT) is the standard of care 
for locally advanced, unresectable non-small cell lung carcinoma 
(NSCLC). The aim of this study was to assess the prognostic value 
of maximum standardized uptake values (SUVmax) in patients with 
unresectable stage III NSCLC treated with concurrent CRT.

Method 18F-FDG PET-CT scans were obtained before and after 
treatment in patients with unresectable stage III NSCLC treated 
with concurrent CRT. To determine the prognostic value of SU-
Vmax of the primary tumor (PT), univariate and multivariate Cox 
regression model were carried out.  

Results Between January 2008 and December 2013, this study 
included 43 patients (median age 56 years, 95% male). Univa-
riate analysis showed that having a high post-treatment PT-SU-
Vmax was associated with a higher risk of death and having a high 
post-treatment PT-SUVmax with a higher risk of disease recurrence. 
Multivariate analysis showed that having a low post-treatment PT-
SUVmax (cut off 3.9) was associated with longer overall and pro-
gression free survival (HR 8.55, 95% CI; 2.56-28.55, p=0.000 and 
HR 2.854, 95% CI; 1.43-5.67, p=0.003, respectively).

Conclusion Post-treatment PT-SUVmax may be an independent 
prognostic factor in patients with unresectable stage III NSCLC 
treated with concurrent chemoradiotherapy.

Key words: lung cancer, prognosis, positron emission tomography
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INTRODUCTION

About one third of patients with non-small cell 
lung cancer (NSCLC) present locally advanced 
disease at the time of the diagnosis (1). The stan-
dard of care in patients with unresectable, stage 
III, NSCLC and good performance status is con-
current chemoradiotherapy (CRT) (2). Despite 
curative treatment with concurrent chemoradi-
otherapy (CRT), only a low rate of patients be-
come long-term survivors and 15-40% develop 
recurrence (3,4). Several prognostic factors have 
been studied, but the two most prominent are 
performance status and the distinction between 
stage IIIA and IIIB in stage III NSCLC. Other 
prognostic factors have been suggested such as 
age, weight loss, response to treatment and some 
characteristics describing the locoregional exten-
sion of the tumour (4).
Positron emission tomography (PET) is an imaging 
method based on the metabolic activity of viable 
tumor cells. The PET-CT (computer tomography) 
is superior over conventional staging methods in 
the initial staging of NSCLC (5). A decrease in flu-
deoxyglucose (FDG) uptake in the primary tumor 
and/or lymph nodes is expected in patients who 
responded well to treatment (6, 7). Standardized 
uptake value (SUV) is a semi-quantitative index 
of radiolabeled glucose uptake in tumor tissue and 
has been demonstrated to be correlated with some 
prognostic factors, including tumor differentiation 
and aggressiveness (8-10). Prior studies reported 
that pretreatment maximum SUV (SUVmax) of 
primary tumor predicted treatment response, poor 
prognosis and especially recurrence and survival 
(11-19). Nearly most of them included patients 
with different stages of NSCLC and treated by 
different therapy modalities. Data evaluating the 
predictive value SUVmax in prognosis, treatment 
response, clinical outcome and survival in unre-
sectable stage III NSCLC treated with CRT are 
still limited (4, 19-23). 
The aim of this prospective cohort study was to 
investigate the prognostic value of PET-CT obta-
ined after concurrent CRT in patients with stage 
III, unresectable NSCLC.

PATIENTS AND METHODS

Patients and study design

Patients treated with CRT for unresectable stage 
III NSCLC (according to the 6th edition of the 

TNM staging system) (24) in Suat Seren Chest 
Disease and Surgery Training and Research Hos-
pital between January 2008 and December 2013 
enrolled in the study. 
Patients who met the following criteria were 
included in the study: the FDG uptake by PET-
CT before and after concurrent CRT, unresecta-
ble stage III disease defined by multidisiplinary 
team, and those with histological diagnosis.  

Methods

All patients received cisplatin 50 mg/m2 in-
travenously (IV) on days 1, 8, 29, and 36 with 
etoposid 50 mg/m2 IV on days 1-5 and 29-33. 
Radiotherapy (RT) was delivered using conven-
tional fractionation (1.8-2.0 Gy per day, 5 days 
per week) with a total dose of 60-66 Gy using 
6-10 MV photon beams. All patients received 3D 
conformal radiotherapy. The gross tumor volume 
(GTV) consisted of the primary tumor and the re-
gional lymph nodes considered positive (SUVmax 
>2.5) on PET scan even if not involved by CT 
scan. Any in trathoracic lymph nodes with a dia-
meter greater than 10 mm in the short axis were 
included in GTV regardless of the PET scan. 
Adjuvant chemotherapy was not allowed.
Initial (pre-treatment) 18F-FDG PET/CT scans 
were obtained within 30 days before the tre-
atment. Post-treatment 18F-FDG PET/CT scans 
were performed at 90 days after CRT. Post-tre-
atment PET-CT were not performed in patients 
with clear evidence of progression with systemic 
disease or who died before undergoing post-tre-
atment PET/CT scan or who had reimbursment 
problem for post-treatment PET-CT scans.
All patients involved in the study underwent 
whole-body 18F-FDG PET-CT scaning (Biograph 
16 HR, by Siemens Medical Solutions, Illinois, 
United States). The PET component was a high 
resolution scanner with a spatial resolution of 
4.7mm and had no interval, thus allowing 3-di-
mensional-only acquisitions. The CT portion of 
the scanner was the Somatom Sensation 16-sli-
ces. All patients were advised to fast for at least 
six hours before PET-CT scan. All patient’s were 
required a blood sugar level of less than 180 mg/
dL before 18F-FDG (0.10 mCi/kg) intavenous 
injection. After injection, the patients rested for 
a period of about 60±10 minutes in a comforta-
ble room and chair. The patients were positioned 
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supine, with both arms positioned over the head.  
Next tomography images were acquired in order 
to attenuate correction and anatomic localization,  
PET images were acquired in axial planes from 
the proximal femur until the vertex, 5-7 bed po-
sitions in a 2-minutes per bed postion. Processed 
images were displayed in coronal, transverse, 
and sagittal planes.  
The PET-CT scans were interpreted semiquanti-
tatively by two nuclear medicine physicians with 
experience in lung cancer and reported the SU-
Vmax values in the primary tumor and in each re-
gional lymph nodes. The final PET interpretation 
was based on a consensus of the two observers. 
The SUV for the region of interest (ROI) was de-
cided using SUVmax which indicates the highest 
single voxel SUV within ROI. The lesions with 
SUVmax>2.5 were considered as pathological. 
Patients also underwent response evaluation 
with CT of chest through the upper abdomen in 
4 weeks of completing treatment and follow-up 
continued every 3 months for the first 2 years, 
every 6 months for third year, and yearly thereaf-
ter, with repeated CT of chest through the adre-
nals on each visit. 

Statistical analysis

Overall and progresion free survival (OS and 
PFS, respectively) were estimated by the Ka-
plan–Meier method.  Univariate and multivaria-
te Cox regression (Backward Stepwise) model 
were carried out to determine prognostic factors 
for OS and PFS. Multivariate analysis was per-
formed to the variables that were 2> WALD va-
lues with the univariate analysis. Results of this 
model were presented as Hazard Ratio (HR) and 
95% confidence intervals (95% CIs) for OR and 
PFS. The p≤0.05 was considered statistically si-
gnificant.  To analyze the impact of SUV on the 
study end points, the median values were used 
to divide patients into groups of equal numbers. 
The variables associated with PET scaning were 
defined as follows; ∆PT SUVmax;  Pre-treatment 
Primary Tumor SUVmax - Post-treatment Primary 
Tumor SUVmax,  ∆PT % SUVmax; Pre-treatment 
Primary Tumor SUVmax - Post-treatment Primary 
Tumor SUVmax / Pre-treatment Primary Tumor 
SUVmax X 100, Post-PT SUVmax; Post-treatment 
Primary Tumor SUVmax. 

RESULTS

Between January 2008 and December 2013, 67 
patients were treated with CRT for unresectable 
stage III NSCLC, of whom 43 met all inclusion 
criteria for this analysis (Figure 1). 

No (%) of patients
Age median (range) (years) 56 (40-71)
Gender
Males 41 (95.3)
Females 2  (4.7)
TNM stage
T3N1 1 (2.3)
T3N2 2 (4.7)
T3N3 1 (2.3)
T4N0 8 (18.6)
T4N2 21 (48.8)
T4N3 4 (9.3)
T2N3 1 (2.3)
T2N2 3 (7.0)
T1N2 1 (2.3)
T1N3 1 (2.3)
Disease stage
IIIa 15 (34.9)
IIIb 28 (65.1)
Histology
Squamous Cell 34 (79.1)
Non-squamous Cell 9 (20.9)
Performance status
ECOG 0 32 (74.4)
ECOG 1 11 (25.6)

Table 1. Patient characteristics

ECOG, Eastern Cooperative Oncology Group

Figure 1. Patient selection

The median age of patients was 56 years (40-71) 
with 41 (95.3%) males. Squamous cell carcinoma 
(79.1%) was the most common histologic type. All 
patients were designated as stage III (including 28 
patients who were in stage IIIb, (65.1 %), and all 
patients had good performance status. The median 
follow-up time was 20.4 months (8.3–84.0). The 
median OS and 4-year OS were 25.1 (95%, CI: 
20.0-30.1) months and 21.7%, respectively. The 
median PFS and 3-year PFS were 12.5 (95%, CI: 
9.0-15.9) months and 17.5%, respectively (Table 1). 
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Among the 6 variables of univariate analysis, one 
was significantly associated with overall survi-
val: post-PT SUVmax (hazard ratio [HR], 3.227; 
p=0.002) (Table 2). Multivariate analysis for OS 
included the 4 variables (Wald>2) of univariate 
analysis (Table 2). The results displayed that post-
PT SUVmax was an independent prognostic factor 
(HR, 8.558, 95% CI; 2,565-28,552, p=0.000) for 
overall survival. ∆PT % SUVmax showed a trend 
for overall survival (p=0.051).

An assessment of tumor response to therapy 
using PET-CT has been proposed and supported 
in various malignancies (25-28). Higher FDG up-
take has been suggested by cli nicians to be a use-
ful prognostic indicator as a noninvasive method 
in a routine clini cal setting (29-32). Eschmann et 
al. reported FDG uptake as an independent pro-
gnostic factor in patients with stage III NSCLC 
(33). Also, it has been used to predict response to 
chemotherapy and clinical outcome in stage III 
NSCLC treated with conventional radiotherapy 
(34, 35). As contrary, Ikushima et al. reported 
that FDG uptake has no prognostic significance 
for predicting survival and Vesselle et al pointed 
that the predictive value of FDG uptake disappe-
ars after considering tumor size (36, 37). Also 
Machtay et al. exuded that neither pretreatment 
SUVmax nor SUVpeak could predict long term pro-
gnosis (22). Similar to these studies we found no 
further prognostic significance of pre-treatment 
SUVmax after multivariate analysis.  
In previous studies, FDG PET/CT after definiti-
ve chemoradiation therapy was shown to predict 
survival in patients with NSCLC (20, 37). Mc 
Manus et al. demonstrated that in patients with 
NSCLC who were treated with concurrent che-
moradiotherapy, post-treatment PET scan was a 
better predictor than CT (20).    
Xiang et al. reported that post treatment SUV 
predicted local recurrence free survival, PFS and 
OS (23). Lopez Guerra et al. showed that the 
post RT SUVmax in both the primary tumor and 
the lymph node was a predictor of survival, -spe-
cifically the higher residuel SUVmax after RT, the 
poorer for OS and PFS (21). Similar to these stu-
dies, Machtay reported that post treatment tumor 
SUVmax is associated with worse survival in stage 
III NSCLC (22). Consistent with these studies, 
we found post-treatment primary tumor SUVmax 
was an independent prognostic factors for PFS 
and OS. Predicting survival and identifying pa-
tients who have high risk for progression seems 
to be important for deciding further management 
strategies such as new targeting therapies, con-
solidation or maintenance treatments. Similar to 
Xiang et al. (23) there was no correlation betwe-
en ΔSUV and survival in our study, although 
previous studies have shown such an association 
among patients with stage III/IV NSCLC treated 
with chemotherapy. And, patients demonstrating 

Variable Wald 
test p HR

95.0% 
CI for HR

Lower Upper
Stage IIIa  vs  Stage IIIb 2.070* 0.150 0.585 0.282 1.214
Squamous vs Non-squamous 0.672 0.412 0.669 0.256 1.749
ECOG 0 vs 1 3.537* 0.060 2.098 0.969 4.541
∆ PT %SUVmax ≤ vs >72.6 2.742* 0.098 1.859 0.892 3.873
∆PT SUVmax ≤ vs >12.1 1.282 0.258 1.520 0.736 3.138
Post-PT SUVmax ≤3 vs >3.9 9.245* 0.002† 3.227 1.517 6.889

Table 2. Univariate analyses of pre and post-treatment vari-
ables for overall survival after concurrent chemoradiotherapy

*Wald test >2, †p<0.05; HR, hazard ratio; Sig, significance; ECOG, 
Eastern Cooperative Oncology Group; PT; primary tumor; SUVmax, 
maximum standard uptake value 

Variable Wald 
tes t p HR

95.0% CI for 
HR

Lower Upper
Stage IIIa  vs  Stage IIIb 2.278* 0.131 0.591 0.299 1.170
Squamous vs Non-squamous 0.729 0.393 0.681 0.282 1.645
ECOG 0 vs 1 2.437* 0.118 1.787 0.862 3.705
∆ PT %SUVmax ≤ vs >72.6 2.912* 0.088 1.813 0.915 3.592
∆PT SUVmax  ≤ vs >12.1 0.061 0.804 1.088 0.557 2.127
Post-PT SUVmax ≤ vs >3.9 8.237* 0.004† 2.721 1.374 5.392

Table 3. Univariate analyses of pre and post-treatment 
variables for progression free survival after concurrent 
chemoradiotherapy

*Wald>2, †p<0.05; PT, primary tumor; HR, hazard ratio; Sig, signi-
ficance; ECOG, Eastern Cooperative Oncology Group; PT; primary 
tumor; SUVmax, maximum standard uptake value 

One variable was significantly associated with 
PFS in univariate analysis; post-PT SUVmax (HR; 
2.721; p=0.004) (Table 3). Multivariate analysis 
for PFS included the 4 variables (Wald>2) of uni-
variate analysis (Table 3). The results displayed 
that post-PT SUVmax was an independent pro-
gnostic factor (HR, 2.854, 95% CI; 1,437-5,670, 
p=0.003) for PFS.

DISCUSSION

This study showed that post-treatment primary tu-
mor SUVmax can be an independent prognostic fac-
tor for PFS and OS. Cut off level of post-treatment 
primary tumor SUVmax was determined as 3.9. We 
found no further significant prognostic factors 
associated with survival in the current study. 

Yilmaz et al. SUV as a prognostic factor in NSCLC
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an absence of metabolic response on post-tre-
atment PET had a shorter time to disease progre-
ssion and decreased overall survival (38, 40). 
The cut-off values used for survival have vari-
ed across all previous studies. The best cut-off 
value that could be used universally remains un-
known. Lopez Guerra et al. reported the median 
post-treatment PT SUVmax was 3.7 and patients 
with SUVmax less than the median had a 2 year 
survival rate 50% when compared with 20% for 
patients greater than the median (21). Machtay 
et al. studied various cut off ranges but they co-
uld not identify a clinically sufficent cut off value 
(22). Ryu et al. reported FDG uptake by residual 
tumor masses 2 weeks after induction chemora-
diotherapy predicted pathologic response with 
88% sensitivity when an SUV cutoff of 3.0 was 
used (40). In Xiang et al.’s findings, cut off va-
lue 3.6 predicts local relaps free survival (23). In 
consistence with this study, cutt of value of 3.9 
was found in our study population. Variability of 
these values may be because of the different pre-
valence of NSCLC subtype and whether or not 
carcinoids have been studied as well. 
The optimal timing of post-treatment PET scan 
has also been questioned by previos studies, 
especially in light of potential alteration of the 
SUVmax reading due to the inflammatory respon-
se associated with chemoradiotherapy in various 
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ABSTRACT

Aim To investigate biosynthesis in nitric oxide (NO) during nor-
mal pregnancy and in pregnancies complicated by preeclampsia.

Methods This prospective cross-sectional study included 80 pa-
tients hospitalized at the Department of Women’s Health, Neona-
tology and Perinatology Cantonal Hospital in Zenica. Serum NO 
concentration in 20 non-pregnant women, 40 healthy pregnant 
women and 20 pregnant women with preeclampsia aged 17-40 ye-
ars were measured. The group of  healthy pregnant women were 
divided into 4 subgroups by gestational age. For each woman with 
preeclampsia, a healthy pregnant control was matched for age, pa-
rity and gestational age. Serum NO concentrations were determi-
ned after reduction of nitrates to nitrites using the Griess reaction.

Results NO concentrations during second trimester of pre-
gnancy (37.2±1.7µM; p<0.05) and third trimester of pregnancy 
(40.9±2.8μM; p<0.05) were significantly higher in healthy pregnant 
women than in non-pregnant women (29.3±1.7μM). Serum NO 
concentrations were lower in preeclamptic women (30.7±1.8μM) 
compared to matched healthy pregnant women of the third and the 
late third trimester (35.1±2.2μM), without significant differences. 
Mean NO concentrations in pre-eclamptic women was positively 
correlated with systolic blood pressure (r=0.58; p<0.01), diasto-
lic blood pressure (r=0.45; p<0.05), creatinine clearance (r=0.48; 
p<0.05), uric acid (r=0.49; p<0.05), and negatively correlated with 
platelet count (r=-0.57; p<0.05).

Conclusion NO production was increased with gestational age du-
ring normal pregnancy and slightly decreased in preeclampsia su-
ggesting that NO may modulate the cardiovascular changes during 
normal pregnancy and pregnancy complicated by preeclampsia.

Key words: pathogenesis, vasoconstriction, hypertension, pre-
gnancy complications
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INTRODUCTION

Normal pregnancy is associated with intensive 
changes in the maternal cardiovascular system that 
enables adequate oxygen delivery and nutritive in-
gredients to the fetus. Physiological vascular adap-
tation (increased blood volume, increased cardiac 
minute volume and reduced vascular resistance) is 
followed by increased endogenous production of 
nitric oxide (NO) and improved response of smo-
oth muscles on the reaction of NO (1,2). Impaired 
response of the blood vessels on vasoconstrictor 
agonists during the pregnancy could be partly regu-
lated by NO (3). Recently, in several in vitro studies 
the role of NO in vascular reactivity in pregnancy 
and preeclampsia has been estimated (4). Choi et 
al. and Shaamash et al. (5,6) studies showed that 
the biosynthesis of NO has increased in normal pre-
gnancy, especially in the second trimester, with its 
peak in the third trimester of pregnancy. However, 
Hata et al. (7) obtained the results about reduced 
production of NO, while Brown et al. and Smara-
son et al. (8,9) showed that there were no changes 
in the biosynthesis of NO in normal pregnancy 
compared with non-pregnant women suggesting 
that the biosynthesis of NO during normal pre-
gnancy still remains controversial. Preeclampsia is 
considered to be one of the most significant health 
problems in pregnancy, complicating 6-10% of 
all gestation over 20 weeks (10). However, World 
Health Organisation estimates that frequency of 
preeclampsia is seven times higher in developing 
countries than in developed countries (11). This di-
sease is one of the leading causes of fetal growth 
disorders, fetal morbidity and mortality, premature 
labour and mother’s death. Despite numerous fin-
dings and surveys, pathophysiology, treatment and 
early prediction of preeclampsia, it still represents a 
major challenge in modern medicine (12). Reliable 
evidence suggests that general vascular endothelial 
dysfunction, which occurs during preeclampsia can 
explain mechanism responsible for its pathogene-
sis. Endothelial cell dysfunction can cause hyper-
tension with its increased production of vasocon-
strictor agents such as plasma endothelin or reduced 
release of vasodilator agents such as prostacyclin 
and NO (13). NO biosynthesis data are also con-
troversial in preeclampsia. Therefore, some authors 
obtained different results and they showed that the 
biosynthesis of NO in preeclampsia was decreased 
(14,15), unchanged (16,17) and increased (18,9).

The aim of this research was to examine the bi-
osynthesis of NO during normal pregnancy and 
pregnancy complicated by preeclampsia, as well 
as factors that influence its production (foods 
high in nitrates, consuming cigarettes, anaemia, 
low serum iron and renal function).

PATIENTS AND METHODS

Patient and study design

Eighty females aged 17 to 40 who were hospita-
lized at the Department of Women’s Health, Ne-
onatology and Perinatology, Cantonal Hospital 
Zenica during the period January 2011 to January 
2013, were included in this study. The study was 
approved by the Ethics Committee of the School 
of Medicine, University of Sarajevo, and all su-
bjects gave informed, written consents. Investi-
gations were carried out in accordance with the 
Declaration of Helsinki as revised in 2000. 
In order to clarify the biosynthesis of NO in nor-
mal pregnancy the two groups of were formed: a 
control group of non-pregnant women (n=20) and 
the group of healthy pregnant women (n=40). The 
group of healthy pregnant women was divided 
into 4 subgroups according to gestational age: the 
first trimester (1.0-12.0 weeks, n=10), the second 
trimester (12.1-24.0 weeks, n=10), the third trime-
ster (24.1-32.0 weeks, n=10) and late third trime-
ster (32.1-40.0 weeks, n=10). In order to clarify the 
biosynthesis of NO in pregnancy complicated by 
preeclampsia the two groups were formed: a gro-
up of pre-eclamptic women (n=20) and the control 
group of healthy pregnant women in the third and 
the late third trimester (n=20). The control group 
of healthy pregnant women were matched to the 
pre-eclamptic women by age (±4 years old), parity 
(0,1,2,3≥4) and gestational age (±13 days). Pati-
ents were allowed to take only these medications: 
antihypertensive (methyldopa), corticosteroids 
(dexamethasone) and benzodiazepine (diazepam) 
for which it has been proven not to affect serum 
NO concentration (9). The patients suffering from 
chronic diseases such as renal diseases and diabe-
tes mellitus were not included in the research.

Methods

Body weight, blood pressure and the haemato-
logical and biochemical parameters (comple-
te blood count, creatinine clearance, uric acid 
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level) were measured in all patients using the 
standard diagnostic methods. Gestational age 
was calculated from the first day of the mother’s 
last menstrual period. Diagnosis of preeclampsia 
was made by strict criteria: appearance of blood 
pressure >140/90 mmHg on at least two conse-
cutive measurements and proteinuria over 300 
mg/24 hours which appeared for the first time af-
ter 24 weeks of gestation, and disappeared the six 
months after labour (19).
Serum was prepared from peripheral vein blood, 
collected between 7 and 10 AM, 24 hours after 
prescription of diets low in nitrite and nitrate (no 
spinach, beetroot, cured meats, fish and cheese) 
followed by overnight fasts. Blood samples for the 
determination of NO concentrations were diluted 
1:1 (vol/vol) with 0.9% saline, protein-precipitated 
(30% ZnSO4, 0.05 mL per mL of blood), centrifu-
ged at 2000 g for 10 minutes and frozen at -20°C 
until the determination of NO concentrations. 
The measurement of NO concentrations in serum 
was carried out at the Institute of Physiology and 
Biochemistry, School of Medicine, University 
of Sarajevo. Conversion of NO3- into NO2- was 
done with elementary zinc. NO2- concentrations 
in serum was determined by classic colorime-
tric Griess reaction (20). Briefly, equal volumes 
of samples and Griess reagent (N-(1-Naphthyl)
ethylenediamine) were mixed at room tempera-
ture. After 5 min, the absorbance was measured 
at 570 nm using Perkin Elmer 550 S spectropho-
tometer. The concentrations of nitrite were deter-
mined by a standard curve prepared with sodium 
nitrite (NaNO2) (1-200 μM). 

Statistical analysis

Results were expressed as a mean ± SEM. In order 
to compare the results between comparative gro-
ups, one-way analysis of variants (ANOVA) was 
carried out, followed by post hoc multiple com-
parisons with Bonferroni adjustment. To assess 
correlation between serum NO concentrations in 
pre-eclampsia and various laboratory and clinical 
parameters the Pearson’s coefficient of correlation 
was calculated as well as Spearman’s rank correla-
tion since some of these parameters may not have 
a normal distribution. The Student’s t-test was 
used to compare NO concentrations of women 
with pre-eclampsia and pregnant controls. The va-
lue of p<0.05 were taken as significant.

RESULTS

Systolic and diastolic blood pressure of the 
preeclamptic women showed more values com-
pared with healthy pregnant women in the third 
and the late third trimester (p<0.05). There was 
no statistically significant difference in age, body 
weight and parity between the four studied gro-
ups (Table 1).

Clinical characteristics (X±SEM)

Non-
pregnant 
women

Healthy 
pregnant 
women

Healthy pre-
gnant women in 
third and late 

third trimester

Preec-
lamptic 
women 

Age (years) 36.2±1.2 25.7±0.9 25±1.2 26.6±1.6
Week of gestation / 23.9±1.9 34±1.3 33.9±1.4
Body weight (kg) 68.3±2.3 70.1±1.6 76.7±1.6 85.6±2.3
Systolic blood pre-
ssure  (mmHg) 119±1.7 114±1.1 111±1 171±1.8*

Diastolic blood 
pressure  (mmHg) 79.5±1.2 78.6±0.9 77±1.1 107±1*

Parity 1±0.2 1.3±0.1 1.4±0.2 1.6±0.2

Table 1. Clinical characteristics of the women included in the study

* p<0.05

Figure 1. Serum NO concentrations of nonpregnant (controls) 
and healthy pregnant women
*healthy pregnant women 1st, 2nd, 3rd and late 3rd trimester vs 
non-pregnant women; †healthy pregnant women 3rd trimester vs 
healthy pregnant women 1st trimester
NS, non-significant

There were no significant differences in serum 
NO concentration between healthy pregnant wo-
men in the first trimester (27.3±1.3µM) and con-
trol group of non-pregnant women (29.3±1.7µM). 
The values of serum NO concentrations in the 
second trimester (37.2±1.7µM; p<0.05) and the 
third trimester (40.9±2.8µM; p<0.05) were si-
gnificantly higher compared to control group of 
non-pregnant women. In the late third trimester 
the values of serum NO concentrations in healthy 
pregnant women (29.2±2.1µM) were not signi-
ficantly different comparing to control group of 
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nonpregnant women (Figure 1). There was not 
statistically significant difference in serum NO 
concentrations between the preeclamptic wo-
men (30.7±1.8µM) and nonpregnant women 
(29.3±1.7µM). Serum NO concentrations in the 
preeclamptic women were lower than in healthy 
pregnant women of the third and the late third tri-
mester (35.1±2.2µM). However, this difference 
was not statistically significant (Figure 2). 

pared to the nonpregnant healthy subjects. From 
the above examples, we can conclude that the bi-
osynthesis of NO during pregnancy still remains 
unclear. These discrepancies could be explained 
by using different methods for the determination 
of NO in different types of biological tissue (se-
rum, plasma, urine etc.) (21). 
Several studies have shown that iron-deficiency 
anaemia increases production of NO at humans, 
and that the increased concentrations of NO re-
turn to the normal level after supplemental the-
rapy with iron (22). Ni et al. (23) have found that 

Figure 2. Serum NO concentration of non-pregnant, preec-
lamptic and healthy pregnant women in third and late third 
trimester
*preeclamptic vs non-pregnant women; †healthy pregnant wom-
en in third and late third trimester vs preeclamptic women
NS, non-significant

Figure 3. Correlation of NO level with diastolic blood pres-
sure, creatinine clearance, uric acid level and  platelet count 
in serum samples from preeclamptic women. A) positive cor-
relation (r=0.45; p<0.05) between serum NO concentration 
and diastolic blood pressure; B) positive correlation (r=0.48; 
p<0.05) between serum NO concentration and creatinine 
clearance; C) positive correlation (r=0.49; p<0.05) between 
serum NO concentration and uric acid level; D) negative cor-
relation (r=-0.57; p<0.05) between serum NO concentration 
and platel

There was a positive correlation between se-
rum NO concentrations and systolic blood pre-
ssure (r=0.58; p<0.01), diastolic blood pressure 
(r=0.45; p<0.05), creatinine clearance (r=0.48; 
p<0.05), uric acid (r=0.49; p<0.05), and a negati-
ve correlation of platelet count (r=0.57; p<0.05) 
of the preeclamptic women (Figure 3). Gestatio-
nal age, as well as the level of serum iron, were 
not related to serum NO concentrations.

DISCUSSION 

In our study we found that NO production has 
increased with gestational age during normal pre-
gnancy and slightly decreased in preeclampsia. 
These results are in accordance with the results 
of the authors who also established that the bi-
osynthesis of NO increases in normal pregnancy, 
especially in the second trimester, with its peak in 
the third trimester of pregnancy (5,6). However, 
the results of NO biosynthesis vary in different 
studies. Hata et al. (7) reported that the level of 
circulating NO in mother’s blood decreases du-
ring pregnancy. Brown et al. (8) and Smarason 
et al. (9) have proved that there is no change in 
NO production during normal pregnancy com-
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the level of NO in plasma grows significantly in 
animal models of iron-deficiency anaemia. Ma-
bott et al. (24) have proved that the production of 
NO correlates directly with development of ana-
emia and that systemic inhibition of NO synthe-
sis leads to significant increase of haemoglobin 
concertation in the animal experiments. In order 
to exclude the effects of iron-deficiency anaemia 
on the results of serum NO concentrations du-
ring normal pregnancy, we analysed serum NO 
concentrations only in those healthy pregnant 
women in whom serum iron concentrations did 
not statistically significantly differ in relation to 
control group of nonpregnant subjects. 
Serum NO concentration of the healthy pregnant 
women was significantly higher during the se-
cond and the third trimester of pregnancy in re-
lation to control nonpregnant subjects, although 
there was no statistically significant difference 
in the concentration of serum iron between these 
groups. Also, there was no statistically significant 
difference in serum NO concentration between 
the women with preeclampsia and healthy pre-
gnant women. Our results are in accordance with 
previous results of Lyall et al. (25) and Davidge 
et al. (16) who showed no significant difference 
in serum NO concentrations between the control 
group of healthy pregnant women and the group 
of women with preeclampsia. On the other hand, 
Brennecke et al. (26) and Zeng et al. (15) obtai-
ned the results which show the reduced producti-
on of NO in the group of women with preeclamp-
sia. Reduced NO serum levels of preeclamptic 
women could be caused by increased binding and 
reduced releasing of nitrates from red blood cells 
(27). However, there are some groups of authors 
who showed that the biosynthesis of NO became 
increased at preeclamptic subjects (25), as well 
as that serum NO concentration in patients with 
preeclampsia is significantly higher in compari-
son with the control group of healthy pregnant 
women (18). These results could be explained in 
many ways. Food rich in nitrates such as cured 
meats or vegetables are sources of exogenous ni-
trates. In these studies, the subjects were not su-
bjected to the long-lasting specific diet which is 
poor in nitrates, before collecting the serum sam-
ples. In our research, all patients with diagnosis 
of preeclampsia were hospitalized at our depar-
tment and at a certain time they were at identical 

dietary regimen such as the control group of he-
althy pregnant women of the third and late third 
trimester. We can ascertain that in our study we 
were measuring the level of the main metabolite 
of NO (nitrates and nitrites) in serum, but only at 
subjects who were subjected to diet poor in nitra-
tes and nitrites. 
The severity of preeclampsia is another factor 
that could explain a disagreement in results of 
these studies. Cameron et al. (17) found no diffe-
rence between hypertensive pregnant women 
and control normotensive groups even though 
the systolic pressure of hypertensive pregnant 
women correlated positively with excretion of 
nitrates and nitrites, similarly as in our study, 
suggesting that this could be compensatory res-
ponse in achieving homeostasis. In addition, our 
research showed a positive correlation between 
serum NO concentrations and creatine clearance 
as well as uric acid concentration of the preec-
lamptic group, which is in accordance with the 
research of authors who observed the correlation 
between serum NO concentrations and creatine 
clearance of patients at intensive care (28). Da-
vidge et al. (16) found no difference in the con-
centration of nitrates in plasma of healthy and 
preeclamptic pregnant women, but they proved 
decreased fractional excretion of nitrates and re-
duced urinary relation of nitrates and creatine in 
preeclamptic pregnant women; in non-pregnant 
healthy women clearance of nitrate was about 
20 mL/min suggesting a component of tubular 
reabsorption. Paşaoğlu et al. (29) showed that 
serum NO concentrations correlates positively 
with plasma urate concentration of preeclamp-
tic patients, what is in accordance with our re-
sults. Our results showed a negative correlation 
between serum NO concentrations and platelet 
count of the preeclamptic group. Beside direct 
effect on cardiovascular system, NO inhibits the 
adhesion of monocytes on layers of blood vessels 
and prevents aggregation of thrombocytes. Un-
der conditions which activate thrombocytes and 
stimulate the production of thrombin, throm-
bocytes and endothelial cells release NO, so in 
that way they restrict thrombus formation and 
maintain mobility of vascular system. Therefore. 
NO inhibits mobility and flow of calcium ions in 
thrombocytes. We can say that our results are in 
accordance with above-mentioned facts.
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Biosinteza nitričnog oksida u normalnoj trudnoći i trudnoći 
kompliciranoj preeklampsijom
Jasmin Hodžić1, Sebija Izetbegović2, Bedrana Muračević1, Rasim Iriškić1, Hana Štimjanin Jović1
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Hercegovina

SAŽETAK

Cilj Ispitati biosintezu nitričnog oksida (NO) u normalnoj trudnoći i trudnoći kompliciranoj preeklamp-
sijom.

Metode Ovo prospektivno presječno istraživanje obuhvatilo je 80 pacijentica, starosne dobi između 
17 i 40 godina, koje su bile hospitalizirane na Službi za ženske bolesti, perinatologiju i neonatologiju 
Kantonalne bolnice Zenica. Ispitivana je koncentracija NO u serumu 20 negravidnih žena, 40 zdravih 
trudnica i 20 trudnica s preeklampsijom. Grupa zdravih trudnica bila je podijeljena u 4 podgrupe prema 
gestacijskoj dobi. Za svaku pacijenticu s preeklampsijom uzeli smo kontrolnu zdravu trudnicu koja je 
odgovarala po starosnoj dobi, paritetu i gestacijskoj dobi. Nivo NO u serumu određivali smo mjerenjem 
koncentracije nitrita korištenjem klasične kolorimetrijske Griessove metode.

Rezultati Vrijednosti serumske koncentracije NO zdravih trudnica u drugom (37.2±1.7μM; p<0.05) i 
trećem trimestru (40.9±2.8μM; p<0.05) bile su statistički signifikantno više u odnosu na kontrolnu gru-
pu negravidnih ispitanica (29.3±1.7μM). Serumska koncentracija NO grupe ispitanica s preeklampsi-
jom (30.7±1.8μM) bila je niža u poređenju s kontrolnom grupom zdravih trudnica trećeg i kasnog trećeg 
trimestra (35.1±2.2μM). Međutim, ova razlika nije bila statistički signifikantna. Utvrđena je pozitivna 
korelacija između serumske koncentracije NO i sistolnog pritiska (r=0.58; p<0.01), dijastolnog pritiska 
(r=0.45; p<0.05), klirensa kreatinina (r=0.48; p<0.05), urične kiseline (r=0.49; p<0.05), te negativna 
korelacija nivoa trombocita (r=-0.57; p<0.05) grupe ispitanica s preeklampsijom.

Zaključak Biosinteza nitričnog oksida se postepeno povećavala u normalnoj trudnoći, a blago smanji-
vala u preeklampsiji. Rezultati ukazuju da nitrični oksid utječe na kardiovaskularne promjene tokom 
normalne trudnoće i trudnoće komplicirane preeklampsijom.

Ključne riječi: patogeneza, vazokonstrikcija, hipertenzija, komplikacije u trudnoći

Hodžić et al. NO in normal pregnancy and preeclampsia
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ABSTRACT

Aim To determine socioeconomic and demographic factors asso-
ciated with abdominal obesity in women of childbearing age.

Methods This cross-sectional study was carried out in family me-
dicine outpatient departments of the Primary Health Care Centre 
of Canton Sarajevo, Bosnia and Herzegovina. The study included 
300 respondents who were divided into two groups: non-abdo-
minal obesity (n=150) and abdominal obesity (n=150). Abdomi-
nal obesity was estimated measuring waist  circumference. Data 
concerning socioeconomic and demographic factors (age, marital 
status, “live alone”, place of residence, formal education level, 
self-perceived financial status) were collected using a designed 
questionnaire. Logistic regression analysis was used to estimate 
the association between socioeconomic, demographic factors and 
abdominal obesity.

Results Abdominal obesity was significantly associated with the 
life in the urban area (OR=2.174, 95%CI=1.362-3.471), university 
education (OR=9.881, 95%CI=3.222-30.301) and slightly better 
financial status than average (OR=2.412, 95%CI=1.302-4.470). 
Marital status (OR=0.190, 95%CI=0.104-0.347) and no living alo-
ne (OR=0.357, 95%CI=0.165-0.773) protect from abdominal obe-
sity.  Respondents aged between 20-29 years represent a particu-
larly vulnerable group in terms of abdominal obesity (OR=1.030, 
95%CI=0.097-10.946).

Conclusion The strongest associations have been found between 
abdominal obesity and education. Public health programs that aim 
to reduce abdominal obesity in women of childbearing age should 
mainly focus on women with university education.

Key words: abdomen, adipose tissue, female, social-class
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INTRODUCTION

Due to the epidemiological and nutrition transiti-
on, low and middle-income countries have experi-
enced increase in the prevalence of abdominal and 
overall obesity (1). Especially, abdominal obesity 
among women of childbearing age has become 
one of the main public health problems, which 
needs an instant action to prevent and control (2). 
Untreated abdominal obesity negatively impacts 
the reproductive health of women in many ways 
(3). Abdominal obesity negatively affects both 
contraception and fertility as well (4,5). Mater-
nal obesity is linked with higher rates of cesarean 
section as well as higher rates of high risk ob-
stetrical conditions such as diabetes and hyper-
tension (6,7). Visceral fat appears to be associa-
ted with insulin resistance which leads to type 2 
diabetes (8,9). Visceral fat is also associated with 
adverse lipid profiles which in turn predispose to 
cardiovascular disease (10,11).
There are various risk factors, which are respon-
sible for abdominal obesity (12). Some studies 
showed a significant correlation between socioe-
conomic, demographic factors and abdominal 
obesity (13,14).  Previous studies have shown 
that educational level (15,16), occupational sta-
tus (17), and income level (18) are associated 
with abdominal obesity, especially among wo-
men.  Musaiger carried out a systematic review 
of published papers which discuss possible fac-
tors that are associated with obesity in the Eastern 
Mediterranean region between 1990 and 2011. 
The review has shown that abdominal obesity in 
women in this region was significantly associa-
ted with socioeconomic and demographic factors 
such as marital status and urbanization (19).
In Bosnia and Herzegovina risk factors for abdo-
minal obesity have been poorly explored, particu-
larly with regard to women of childbearing age.
The aim of this study was to determine socioeco-
nomic and demographic factors associated with 
abdominal obesity in women of childbearing age 
in the area of Sarajevo Canton.

EXAMINEES AND METHODS

Study design

This cross-sectional study was carried out in fa-
mily medicine outpatient departments of the Pu-

blic Institution Primary Health Care Centre of 
Canton Sarajevo, Bosnia and Herzegovina (B&H) 
in the period 15 February– 31 March 2015. 
The study was approved by the Ethics Committee 
of the School of Medicine, University of Sara-
jevo. For this investigation a written consent of 
the General Director of the Primary Health Care 
Centre of the Sarajevo Canton was obtained. An 
informed consent for participation in the study 
was taken from all respondents.
The respondents were patients who used health 
care services at the Primary Health Care Centre 
during the course of the study period. The stu-
dy included 300 respondents on the principle of 
systematic random sampling. The respondents 
were divided into two groups: non- abdominal 
obesity (n=150) and abdominal obesity (n=150). 
The inclusion criteria were females aged 18-49 
years  who had a medical record in the Primary 
Health Care Centre of the Sarajevo Canton. The 
exclusion criteria were male gender, persons yo-
unger than 18 or older than 49 years, persons who 
did not have medical records at the Primary Health 
Care Centre of the Sarajevo Canton, pregnant wo-
men and women who had given birth within twel-
ve months before the date of inclusion in the study.

Methods

The study used a specially designed and structured 
questionnaire which was first piloted on a small in-
tentional sample of respondents selected from the 
sampling population. The questionnaire consisted 
of two parts: the part that was completed by a nur-
se and a part that was completed by a respondent. 
The part that was completed by nurse contained: 
general information about the respondent (ini-
tials, date of birth) and data on anthropometric 
measurement (waist circumference). 
Waist circumference was measured  at midpoint 
between the lower rib and the iliac crest using a 
flexible tape measure. During the measurement, 
participants stood in an upright position, with 
arms relaxed at the side, feet evenly spread apart, 
and body weight evenly distributed in accordan-
ce with the World Health Organization (WHO) 
expert consultation report on waist circumferen-
ce and waist-to-hip ratio (20).
The part that was completed by the respondent 
contained information on marital status, “live 
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alone”, place of residence, formal education le-
vel and self-perceived financial status. Marital 
status was categorized as living with a spouse 
(including married and co-habiting subject), 
single, divorced and widowed. The respondents 
were supposed to respond with “yes” or “no” to 
the question whether she lives alone. Place of re-
sidence was categorized as urban and suburban. 
Formal education  level was categorized as in-
complete elementary school, completed elemen-
tary school, completed secondary school, high 
school diploma and completed high school/colle-
ge. Self- perceived financial status was catego-
rized as a lot worse than average, slightly worse 
than average, average, slightly better than avera-
ge and much better than average.
Abdominal obesity was defined as waist cir-
cumference  ≥80 cm (the criteria of abdominal 
obesity given by the International Diabetes Fede-
ration) (21).  Respondents with measured waist 
circumference less than 80 cm were considered 
as those with no abdominal obesity. Respondents 
with measured waist circumference ≥80 cm were 
considered as those with abdominal obesity.

Statistical analysis

Testing of differences in the age distribution of 
respondents between non-abdominal obesity gro-
up and abdominal obesity group was performed 
by Mann-Whitney test.  Testing of the difference 
in socioeconomic and demographic characteri-
stics  between non-abdominal obesity group and 
abdominal obesity group was performed by χ2 
test. The individual effects of categorical predic-
tors variables, socioeconomic and demographic 
characteristics of the respondents, on the presen-
ce of abdominal obesity were obtained by logi-
stic univariate regression analysis through the 
calculation of the odds ratio (OR). The level of 
significance was set at p<0.05, and the confiden-
ce level of 95%.

RESULTS

The study evaluated 300 respondents in two gro-
ups of 150 each (i.e., non-abdominal obesity and 
abdominal obesity).
Age of the respondents in the abdominal obesity 
group and non-abdominal obesity group was si-
gnificantly different (p=0.000). As many as three 
times more respondents aged 20-29 were in the 
abdominal obesity group, 34 (22.7%), than in 

non-abdominal obesity group, 11 (7.3%) (Ta-
ble 1). Respondents aged between 20-29 years 
were represented a particularly vulnerable gro-
up in terms of abdominal obesity (OR=1.030, 
95%CI=0.097-10.946; 0.000).

Socioeconomic and demographic 
characteristics

No (%) of respon-
dents p

Abdominal 
obesity

Non-ab-
dominal 
obesity

Age group (years)

0.000
<20 3 (2.0) 1 (0.7)
20-29 34 (22.7) 11 (7.3)
30-39 68  (45.3) 53 (35.3)
40-49 45 (30,0) 85 (56.7)
Marital status

 0.000
Single 63 (42.0) 18 (12.0)
Divorced 10 (6.7) 14 (9.3)
Living  with a spouse 74 (49.3) 111 (74.0)
Widowed 3 (2.0) 7 (4.7)
Lives alone

0.007Yes 25 (16.7) 10 (6.7)
No 125 (83.3) 140 (93.3)
Place of residence

 0.001Urban 101 (67.3) 73 (48.6)
Suburban 49 (32.7) 77 (51.4)
Formal education  level

0.000

Incomplete elementary school 0 (0.0) 7 (4.7)
Completed elementary school 4 (2.7) 24 (16.0)
Completed secondary school 80 (53.3) 64 (42.6)
Completed high school/college 15 (10.0) 15 (10.0)
High school diploma 51 (34.0) 40 (26.7)
Self-perceived financial status

0.000

Lot worse than average  4 (2.7) 16 (10.7)
Slightly worse than average 13 (8.7) 17 (11.3)
Average 74 (49.3) 85 (56.7)
Slightly better than average 42 (28.0) 20 (13.3)
Much better than average  vs average 17 (11.3) 12 (8.0)

Table 1. Socioeconomic and demographic characteristics 
of the respondents according to the presence of abdominal 
obesity

Marital status in the abdominal obesity group and 
non-abdominal obesity group was significantly 
different (p=0.000). There were three and a half 
times as many unmarried respondents in the abdo-
minal obesity group, 63 (42.0%), than in non-abdo-
minal obesity group, 18 (12.0%) (Table 1). There 
was interdependence that existed between abdomi-
nal obesity and marital status, e.g. marital status in 
total protects from abdominal obesity (OR=0.190, 
95%CI=0.104-0.347; 0.000) (Table 2). 
The abdominal obesity group and non-abdominal 
obesity group had significant difference regarding 
the variables whether respondents were living or 
not living alone (p=0.007). Even two and a half ti-
mes more respondents who lived alone were in the 
abdominal obesity group, 25 (16.7%), than in the 
non-abdominal obesity group 10 (6.7%) (Table 1). 
There was an interdependence between abdomi-
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nal obesity and the variables whether respondents 
were living or not living alone. Not living alone in 
total protect from abdominal obesity (OR=0.357, 
95%CI=0.165-0.773; p=0.006) (Table 2). 
Place of residence in the abdominal obesity gro-
up and non-abdominal obesity group was signi-
ficantly different (p=0.001). More respondents 
with the residence in urban areas were in the ab-
dominal obesity group than in the non- abdomi-
nal obesity, 101 (67.3%) and 73 (48.6%) (Table 
1). There was an interdependence that existed 
between abdominal obesity and the place of resi-
dence, e.g. living in an urban area was a risk for 
abdominal obesity (2.174, 95%CI=1.362-3.471; 
p=0.001) (Table 2).
Formal education level in the abdominal obesity 
group and non-abdominal obesity group was si-
gnificantly different (p=0.000).  A slightly lar-
ger number of respondents with the university 
degree were in the abdominal obesity group, 51 
(34%), than in the non-abdominal obesity gro-
up, 40 (26.7%). In the same group, there were no 
respondents with incomplete primary education, 
while those respondents were present in the non-
abdominal obesity group in 4.7% (Table 1). There 
was an interdependence that existed between ab-
dominal obesity and formal education level, e.g. 
university degree has a risk for abdominal obesity 
(9.320, 95%CI=3.155-27.532; p=0.000) (Table 2).

Self-perceived financial status in the abdominal 
obesity group and non-abdominal obesity gro-
up was significantly different (p=0.000). Twice 
as many respondents with the financial status, 
which was slightly better than average, was in 
the abdominal obesity group, 13 (8.7%), than 
in the non-abdominal obesity group, 17 (11.3%) 
(Table 1). There was an interdependence betwe-
en abdominal obesity and self-perceived financi-
al status. Financial status better than an average 
was a risk for abdominal obesity (OR=2.412, 
95%CI=1.302-4.470; p=0.001) (Table 2).

DISCUSSION

This study evaluated socioeconomic and demo-
graphic factors associated with abdominal obe-
sity in women of childbearing age. The results 
revealed that university education, slightly better 
financial status than the average and life in the 
urban area are positively associated with abdo-
minal obesity.
The respondents with a university degree com-
pared to those with complete or incomplete pri-
mary education had almost ten times higher risk 
of having abdominal obesity. Respondents who 
evaluated their financial status as somewhat 
better-than average compared to those who eva-
luated their financial status as average had two 
and a half times higher risk of having abdominal 
obesity. These findings are consistent with the 
results of studies conducted in the middle-inco-
me and developing countries where abdominal 
obesity was mainly prevalent among women of 
higher economic status and women with higher 
education (22,23). In highly developed countries 
greater economic, educational status was gene-
rally negatively associated with abdominal obe-
sity (24). Studies carried out in countries with the 
GDP (gross domestic product) of more than 12 
275 US$ per capita demonstrated that the GDP 
increase leads to abdominal obesity as a growing 
problem of the poor, population with lower edu-
cation, especially poor women (25).
In this study marital status and not living alone 
protect from abdominal obesity.  This finding is 
the opposite to the results of a study conducted by 
Veghari et al. They found that abdominal obesity 
was approximately four times more prevalent in 
married subjects than in single ones. According 
to them it is possible that marriage increases cues 
and opportunities for eating because they tend to 

Categorical predictor p OR (95% CI)
Age group (years)

0.000
20-29 vs <20 1.030 (0.097-10.946)
30-39 vs <20 0.428 (0.043-4.230)
40-49 vs <20 0.176 (0.018-1.746)
Marital status

0.000
Divorced vs single 0.204 (0.078-0.536)
Living  with a spouse vs single 0.190 (0.104-0.347)
Widowed  vs  single 0.122 (0.029-0.522)
Lives alone 0.006
No vs Yes 0.357 (0.165-0.773)
Place of residence

 0.001
Urban vs suburban 2.174 (1.362-3.471)
Formal education  level

0.000

Completed high school/college vs 
incomplete/ completed elementary 
school

9.881 (3.222-30.301)

Completed secondary school / high 
school diploma vs  incomplete/ comple-
ted elementary school

9.320 (3.155-27.532)

Self-perceived financial status

0.001
Much better than average  vs average 1.627 (0.730-3.629)
Slightly better than average  vs average 2.412 (1.302-4.470)
Lot worse than average  vs average 0.287 (0.092-0.897)
Slightly worse than average  vs average 0.878 (0.400-1.929)

Table 2. Individual effects of categorical predictor variables 
for the presence of abdominal obesity obtained by logistic 
regression analysis

OR, Odds Ratio; CI, confidence interval

Kurspahić-Mujčić et al. Risk factors for abdominal obesity



Medicinski Glasnik, Volume 14, Number 2, August 2017

222

eat together and thus reinforce each other’s incre-
ased intake (26).
In the majority of studies abdominal obesity is 
more often prevalent in urban than in rural areas 
(27). In this study, respondents with residence in an 
urban area were twice more likely to have abdomi-
nal obesity than respondents who lived in a subur-
ban area. In a research conducted in Iran urban area 
was the main determinant of abdominal obesity. 
Logistic regression analysis also included other so-
cioeconomic and demographic factors (28). Even 
in developing countries obesity is significantly 
more common among the urban population than 
rural (29). Urbanization means decreased levels of 
physical activity and increased availability of food, 
as well as exposure to fast foods (27).
In this study, younger respondents represent a par-
ticularly vulnerable group in terms of abdominal 
obesity.  Several recent studies reported that res-
pondents aged between 20-29 years had highest 
increase rates of abdominal obesity (30). This 
high increase in prevalence of abdominal obesity 
among young people may be due to changes in li-
festyle and a shift in nutritional patterns. Research 
conducted in the area of Sarajevo Canton, in the 
period 2011-2012 has shown greater representa-
tion of inadequate nutrition among young people 
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dentary lifestyle, regulation of the food industry, 
the media and parenting courses. The implementa-
tion of programs designed in this manner can con-
tribute to the prevention and control of abdominal 
obesity in women of childbearing age.
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Socioekonomski i demografski faktori povezani s abdominalnom 
pretilošću u žena fertilne dobi
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SAŽETAK
Cilj Utvrditi socioekonomske i demografske faktore povezane s abdominalnom pretilošću u žena fer-
tilne dobi.
Metode Rad predstavlja studiju presjeka provedenu u ambulantama porodične medicine javne ustanove 
Dom zdravlja Kantona Sarajevo, Bosna i Hercegovina. U istraživanje je bilo uključeno 300 ispitanika 
koji su bili podijeljeni u dvije grupe: bez abdominalne pretilosti (n=150) i s abdominalnom pretilošću 
(n=150). Mjerenje obima struka je korišteno za određivanje prisustva abdominalne pretilosti. Podaci 
o socioekonomskim i demografskim karakteristikama ispitanika (starost, bračni status, „živi sama“, 
mjesto stanovanja, formalno obrazovanje, samoprocijenjeni materijalni status) dobiveni su korištenjem 
posebno dizajniranog anketnog upitnika. Logistička regresiona analiza je korištena za određivanje po-
stojanja povezanosti između socioekonomskih, demografskih faktora i abdominalne pretilosti. 
Rezultati Abdominalna pretilost je statistički značajno povezana sa životom u gradu (OR=2.174, 
95%CI=1.362-3.471), fakultetskim obrazovanjem (OR=9.881, 95%CI= 3.222-30.301) i materijal-
nim statusom koji je nešto bolji od prosječnog (OR=2.412, 95%CI=1.302-4.470). Brak (OR=0.190, 
95%CI=0.104-0.347) i život u zajednici (OR=0.357, 95%CI=0.165-0.773) štite od nastanka abdomi-
nalne pretilosti. Posebno osjetljiva grupa za nastanak abdominalne pretilosti su ispitanice u dobi od 20 
do 29 godina (OR=1.030, 95%CI=0.097-10.946).
Zaključak Utvrđeno je postojanje najjače povezanosti abdominalne pretilosti s obrazovanjem. Jav-
nozdravstveni programi koji imaju za cilj smanjenje broja abdominalno pretilih žena fertilne dobi treba-
li bi se fokusirati na univerzitetski obrazovane žene.
Ključne riječi: abdomen, masno tkivo, žena, društvena klasa

Kurspahić-Mujčić et al. Risk factors for abdominal obesity
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ABSTRACT

Aim To evaluate the demographic and clinical data of fifty two 
patients with the diagnosis of ulcerative colitis. 

Methods A total of 52 patients diagnosed with ulcerative colitis 
by clinical, endoscopical and histopathological evaluations were 
included the study. Demographic data, colon involvement site of 
the disease and disease severity were examined from the patients’ 
records. The patients were divided into groups according to the 
Baron grading system. 

Results  Distribution of patients according to the colon invol-
vement site was: 10 (9.2%) rectal, 16 (30.8%) rectosigmoid, 13 
(25%) left sided, 10 (19.2%) extensive colitis and 3 (5.8%) panco-
litis. According to colon involvement sites and Baron classificati-
on the results were: five (9.6 %), two (3.8%) and three (5.7%) pati-
ents with ulcerative proctitis were at grade 1, 2 and 3, respectively. 
Two (3.8%), six (11.5 %),  six (11.5 %) and  two (3.8%) patients 
with rectosigmoid ulcerative colitis were at grade 0, 1, 2 and 3, 
respectively. Four (7.6 %), five (9.6%) and four (7.6%) patients 
with left sided ulcerative colitis were at grade 1, 2, and 3, respec-
tively. One (1.9 %), three (5.7%), and six (11.5 %) patients with 
extensive ulcerative colitis were at grade 1, 2 and 3, respectively. 
All three (5.7%) patients with pancolitis were at grade 3 (p=0.11)

Conclusion The ratio of pancolitis is found to be lower in our 
series. There was no statistically significant difference among the 
genders according to the age, involvement site and the severity of 
the disease as well as according to the colon involvement sites and 
grading.

Key words: disease severity, inflammatory bowel diseases, colo-
noscopy, classification



225

Karagoz et al. Epidemiology of ulcerative colitis

INTRODUCTION

Inflammatory bowel diseases (IBD) are chro-
nic inflammatory disorders that affect the ga-
strointestinal tract and are characterised by the 
chronic and repetitive activation of the immune 
system and inflammation (1). There are two cli-
nical forms of IBD: ulcerative colitis (UC) and 
Crohn’s disease. CD affects both the colon and 
small intestine, whereas UC affects the colon and 
rectum, but does not involve the small intestine 
(2). It is a relapsing and remitting disorder with 
disease free intervals and the inflammation li-
mited to the mucosal layer of the colon (3). The 
number of new cases of UC each year in North 
America is 10-12/100,000 individuals/year and 
the disease is most often seen between the ages 
of 15-25 (3). A family history is considered a risk 
for the development of UC because several studi-
es have demonstrated an increase in the prevalen-
ce of UC among the relatives of patients  with UC 
(4-6). The UC is mainly presented with diarrhoea 
mixed with blood and  other symptoms such as 
abdominal pain, mucous stool, weight loss and 
tenesmus also can be seen (7). 
The UC presents variable demographic and clini-
cal characteristics in different regions of the world 
and the environmental and genetic factors seem 
to be related to this phenotypic heterogeneity (8). 
Some studies have shown that UC usually shows 
a less severe form in Asian countries than in deve-
loped Western countries (i.e. a decreased need for 
surgery, a lower incidence of colorectal cancer and 
fewer intestinal manifestations) (9,10).
The aim of this study was to describe the demo-
graphic and clinical characteristics of patients 
with UC in Turkey as well as to evaluate the re-
lationship between the disease severity and the 
colon involvement site in UC patients. 

PATIENTS AND METHODS

Study design

Fifty two patients with the diagnosis of ulcera-
tive colitis from the Gastroenterology Clinic of 
Kayseri Training and Research Hospital, Kayse-
ri, Turkey, were included this study. The patients 
were diagnosed according to clinical, histopatho-
logical and endoscopical evaluations of the dise-
ase. Demographic data, colon involvement site 
and disease severity were retrospectively exa-

mined from the patients’ records for the periods 
2010-2012. The patients who were admitted with 
weight loss, chronic diarrhoea, bloody diarrhoea, 
abdominal pain and anaemia were diagnosed as 
UC after colonoscopy and biopsy. 

Methods

The patients were classified in five groups after 
colonoscopy:  ulcerative proctitis (if only rectum 
is affected), rectosigmoid ulcerative colitis (if 
rectum and sigmoid colon are affected), left sided 
ulcerative colitis (if the colon up to the splenic 
flexura is affected), extensive ulcerative colitis 
(if the colon above the splenic flexura up to the 
hepatic flexura is affected), and pancolitis (if the 
entire colon from rectum to caecum is affected). 
Severity of the disease was defined according 
to Baron classification (11). Baron score inclu-
des four grades (0-3) according to the severity of 
macroscopic inflammation of the rectal mucosa 
appearances at rigid sigmoidoscopy: grade 0 - 
normal matt mucosa, no spontaneous bleeding or 
no bleeding to light touch; grade 1- abnormal but 
non-haemorrhagic (appearances between 0 and 
2); grade 2 - moderately haemorrhagic, bleeding 
to light touch but no spontaneous bleeding on ini-
tial inspection; grade 3 - severely haemorrhagic, 
spontaneous bleeding on initial inspection. After 
colonoscopic and pathologic studies the patients 
were divided into 4 groups according to Baron 
classification: grade 0 (normal), grade 1 ( mild), 
grade 2 (moderate) and grade 3 (severe). 

Statistical analysis

Continuous variables were tested for normal distri-
bution by the Kolmogorov–Smirnov test. The data 
of descriptive analysis for normally distributed va-
riables were expressed as mean and standard de-
viations whereas the minimum, maximum and me-
dian values were defined for the variables that do 
not distribute normally. Mann-Whitney U test was 
used for the comparison of groups that do not dis-
tribute normally. For the comparison of normally 
distributed groups, Student’s t-test was used.  Cate-
gorical variables were summarized as percentages 
and compared with the chi-square test. The p<0.05 
was considered as statistically significant.

RESULTS

Among 52 patients included in the study, 32 
(61.5%) were males and 20 (38.5%) were fe-
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males. The mean age among male patients was 
47.15± 13.06 while the mean age among female 
patients was 40.90±12.98 (p=0.09).
Ten (19.2%) patients were presented with procti-
tis, 16 (30.8%) with rectosigmoid UC, 13 (25%) 
with left sided UC, 10 (19.2%) with extensive 
UC and 3 (5.8%) with pancolitis. The distributi-
on of the colon involvement sites of the disease 
among genders were: one (5%) proctitis, eight 
(40%) rectosigmoid ulcerative colitis, four (20%) 
left sided ulcerative colitis, five (25%) extensive 
ulcerative colitis and two (10%) were pancolitis 
for females; nine (28.1%) proctitis, eight (25%) 
rectosigmoid ulcerative colitis, nine (28.1%) left 
sided ulcerative colitis, five (15.6%) extensive 
ulcerative colitis and one (3.1%) were pancolitis 
for males (p=0.18).
According to Baron classification two (3.8%) 
patients were in remission (normal) at grade 0, 
16 (30.8%) patients were at grade 1, 16 (30.8%) 
patients were at grade 2, and 18 (34.6%) patients 
were at grade 3. The distribution of the patients 
according to gender was: for males - 10 (31.2%) 
patients were at grade 1, 10 (31.2%) patients were 
at grade 2 and 12 (37.5 %) patients were at grade 
3; for females - two (10%) patients were in remi-
ssion (normal) at grade 0, six (30%) patients were 
at grade 1, six (30%) patients were at grade 2 and 
six (30%)  patients were at grade 3 (p=0.33). 
The relation between disease severity and the 
involvement places is shown in Table 1. Five 
(9.6 %) patients with ulcerative proctitis were 
at grade 1, two (3.8%) patients were at grade 2 
and three (5.7%) patients were at grade 3. Two 
(3.8%) patients with rectosigmoid ulcerative co-
litis were at grade 0, six (11.5%) patients were at 
grade 1, six (11.5%) patients were at grade 2 and 
two (3.8%) patients were at grade 3. Four (7.6%) 

patients with left sided ulcerative colitis were at 
grade 1, five (9.6%) patients were at grade 2 and 
four (7.6%) patients were at grade 3. One (1.9%) 
patient with extensive ulcerative colitis were at 
grade 1, three (5.7%) patients were at grade 2 and 
six (11.5 %) patients were at grade 3. All three 
(5.7%) patients with pancolitis were at grade 3. 
There was no statistically significant difference 
among the patients according to the colon invol-
vement sites and grading (p=0.11)

DISCUSSION

The UC is a chronic inflammatory condition 
causing continuous mucosal inflammation of the 
colon which is characterised by a relapsing and 
remitting course (3). Although the etiology is not 
clear yet, genetic, immunologic and environmen-
tal factors have been confirmed to contribute to 
the etiopathogenesis of ulcerative colitis (12). It 
appears more frequently in developed countries 
(13). Colonoscopy is an important diagnostic 
tool and it enables seeing the whole colon se-
gments directly and performing a biopsy (14). In 
our study, rectosigmoid was the most commonly 
involved area among all patients. The previous 
studies showed the involvement from rectum to 
splenic flexura in 80% of patients and pancolitis 
in 20% of patients (15). Kühbacher et al. demon-
strated that pancolitis was present  in 11-30 % 
of patients (16). The results of a study including 
116 cases from Istanbul were as follows: 60.3 % 
of pancolitis, 25% of left sided ulcerative colitis, 
13.8% of proctitis and 0.9% of backwash ileitis 
(15). Su and Lichtenstein revealed that  37% of 
the patients had  pancolitis, 36-41% proctitis and 
44-49% proctosigmoiditis in their study (17). 
Regueiro showed proctosigmoiditis in 25-75% 
of patients with UC (11). Ozin et al investigated 
507 UC patients in their study and they found that 
161 of them (31.7%) had proctitis, 150 (29.6%) 
had left-sided colitis and 196 (38.7%) had pan-
colitis and extensive colitis (18). The distribution 
of the disease in the colon showed 45%  panco-
litis, 14% left-sided colitis, 21% proctosigmoidi-
tis and 20 % proctititis in a study from Kuwait 
(19). Compared to the studies above (both from 
Turkey and other countries), our data showed si-
gnificantly less pancolitis. When we analysed our 
results according to gender, rectosigmoid was the 
most commonly affected area in females with the 

Colon involvement 
site                   

Number (%) of patients according to 
Baron classification

Grade 0 Grade 1 Grade 2 Grade 3 p
Ulcerative proctitis 0  5 (9.6) 2 (3.8) 3 (5.7)

0.11

Rectosigmoid ulce-
rative colitis 2 (3.8) 6 (11.5) 6 (11.5) 2 (3.8)

Left sided ulcerati-
ve colitis 0 4 (7.6) 5 (9.6) 4 (7.6)

Extensive ulcerative 
colitis 0 1 (1.9) 3 (5.7) 6 (11.5)

Pancolitis 0 0 0 3  (5.7)

Table 1. Number of patients according to Baron classification 
and colon involvement site
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percentage of 40%. On the other hand, there were 
two most affected places for males, both rectum 
and left side colon with 28.1%. The studies 
showed the risk of developing colorectal cancer 
as 1.7% for proctitis, 2.8 for left sided ulcerative 
colitis and 14% for extensive colitis and also it 
has been shown that the risk of developing colo-
rectal cancer is higher in patients with pancolitis 
than the left-sided ulcerative colitis patients (20).
In our study, ulcerative colitis is more often 
seen in male patients with a ratio of 61.5% and 
the mean age of males was higher than women. 
Karlén et al. followed 1547 UC patients in the 
years between 1955-1989 and they found that the 
risk of developing cancer was higher in the popu-
lation under 29 than the population over the age 
of 29 (20). Ekbom et al. compared the patients in 
their study by dividing them into three groups: 
patients under the age of 14 -high risk group-, pa-
tients in the age 14-29 -medium risk group- and 
patients aged over 30 - low risk group (21). Also 
in our study young people were the majority so 
we must be careful at this point. 
In our study, most patients were in stage 3 accor-
ding to the Baron classification. When the female 
patients were examined, 10% of them were in re-
mission. The distribution of patients was equal for 
each stage among the women (30% for stage 1, 2 
and 3). A high number of male patients was in sta-
ge 3 and all female patients in remission suggest 
that the disease progresses more severely in males. 
Severe inflammation disrupts the homeostasis 
and increases the risk of developing neoplasias 

by contributing the formation of genetic mutati-
ons (22). Microsatellites are the simple and short 
nucleotide repeats situated along the human ge-
nome. It was shown that chronic inflammation 
causes insufficiency in the mechanism of DNA 
repair because of increased cell destruction and 
proliferation and microsatellite instability occurs 
as a sign of this insufficiency (22,23).  Microsa-
tellite instability has been detected in colorectal 
cancers associated with UC. The attention is 
drawn to the point that the microsatellite instabi-
lity is significantly higher in the lesions showing 
severe inflammation (23). Microsatellite instabi-
lity and the risk of developing malignancy in the 
neoplastic and non-neoplastic colonic mucosa 
of the patients with UC have been found to be 
related with continuous and severe inflammation 
(22). Among UC patients, those with pancolitis 
and high disease activity are under a higher risk 
of malignity (20). Patients with widespread and 
severe involvement have to be closely followed 
up for malignity. 
In conclusion, the ratio of pancolitis was found to 
be lower in our series. There was no  statistically 
significant difference among the genders accor-
ding to the age, involvement site and the severity 
of the disease as well as according to the colon 
involvement sites and grading. 
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ABSTRACT

Aim To determine the serum levels of matrix metalloproteinase 9 
(MMP-9) concentration and their association with the stage and 
histopathologic sizes of colorectal cancer (CRC). 

Methods One hundred and two patients with clinically diagnosed 
and histologically confirmed colorectal cancer ready for surgical 
treatment were included in the study. In each patient, preoperative 
peripheral venous blood samples were taken for determination of 
the concentration of MMP-9 using ELISA immunoassay test. Re-
sected tumour specimens were studied pathologically according 
to the criteria of the TNM classification. All patients were divided 
into groups according to the TNM classification. The control gro-
up presented 30 subjects of the appropriate age and gender with no 
family history of cancer, clinical signs of malignancy or inflamma-
tory bowel disease.

Results The serum levels of MMP-9 were progressively increa-
sed in patients with CRC reaching the highest value in the fourth 
stage of CRC. It was also confirmed that the serum concentrations 
of MMP-9 were significantly higher in patients with pericolonic 
lymph nodes involvement compared to the patients with no in-
volvement of lymph nodes, 456.4 (445.9-464.7) ng/mL vs. 438.4 
(418.4-447.8) ng/mL (p<0.001). Significantly higher serum levels 
of MMP-9 were found in the patients with metastatic CRC, 458.5 
(452.0-468.1) ng/mL compared with the CRC patients without 
metastasis, 445.8 (436.9-456.5) ng/mL (p<0.001). 

Conclusion It was confirmed that serum concentration of MMP-9 
presented the significant independent risk factors for the progre-
ssion of CRC. 

Key words: colorectal cancer, proteolytic enzyme, serum, risk, 
progression 
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INTRODUCTION

Colorectal cancer (CRC) is the third most 
common cancer in human pathology, which was 
estimated as the third cause of mortality due to 
cancer disease in the United States in 2016 and 
the  second most common cause of death from 
cancer in the European Union (EU) according 
the statistics for 2015 (1,2). More than a half of 
colorectal cancers are still diagnosed only when 
the disease involves regional or distant organs 
(1). This cancer is a heterogeneous disease that 
occurs only by complex and partially known 
sequence of molecular events. It is believed that a 
significant role in the pathogenesis of this disea-
se has disrupted the relationship of apoptosis and 
proliferation of tumour cells, increased oxidative 
stress and impaired antioxidant protection (3-5). 
In addition, proteolytic enzymes play a sophisti-
cated role in cancer development and progression 
due to their abilities to degrade various substrates 
(6). Matrix metalloproteinases (MMP) are mul-
tigenic family of structurally similar proteolytic 
enzymes. These are zinc-dependent endopeptida-
ses, which have the capacity to degrade almost 
any extracellular matrix component (7). It is be-
lieved that tumour cells perform overexpress of 
protease enzyme activity causing the action of 
enzymes in the adjacent stromal cells for the pur-
pose of degradation of the basement membrane 
and invasion of the surrounding tissue (8).
Higher activity of MMP and their over-expression 
has been confirmed in several malignant conditi-
ons, such as colon cancer (9), lung cancer (10), 
pancreas cancer (11), ovarian cancer (12), prosta-
te cancer (13), breast cancer (14) and brain cancer 
(15), and its correlation with tumour aggressive-
ness and its malignant potential. Some studies 
have presented conflicting results regarding the 
expression of the most commonly related MMP-2 
(gelatinase A), MMP-7 (matrilysin) and MMP-9 
(gelatinase B) with the prognosis in patients with 
colorectal cancer (16,17). Recent publications 
about this cancer indicate that serum levels of ma-
trix metalloproteinases 9 (MMP-9) are elevated in 
the patients with colorectal cancer (18,19) and can 
act even in non-proteolytic way (20).  Immunohi-
stochemical staining confirmed that the MMP-9 
is very positive in the colorectal cancer cells and 
confirmed that tumour associated macrophages 
are significant sources of MMPs in the process of 

carcinogenesis (21). However, the question of the 
association of serum levels of MMP-9 with the 
different histopathologic size and progression of 
colorectal cancer still remains open (22). 
The aim of the study was to analyse the serum 
concentration of MMP-9 in the patients in vario-
us depth of wall invasion, lymph nodes involve-
ment and stage of colorectal cancer, estimated 
on the basis of preoperative, intraoperative fin-
dings and histological findings made after sur-
gical resection of tumour altered organ, and to 
determine predictive significance of MMP-9 in 
the disease progression. 

PATIENTS AND METHODS 

Patients and study design

The research was designed as a cross-sectional 
study conducted from January 2014 to Decem-
ber 2015 at the Clinic for General and Abdomi-
nal Surgery, Clinical Centre of the University 
of Sarajevo (CCUS). A total of 102 patients of 
both genders with clinically diagnosed and histo-
logically confirmed colorectal cancer who met 
the inclusion criteria were included in the study. 
Inclusion criteria were clinically diagnosed and 
histologically confirmed colorectal cancer and a 
need for surgical treatment of CRC. Exclusion 
criteria were evidence of neoplasm on an organ 
that is not linked to colorectal cancer, patients 
treated by preoperative radiotherapy or che-
motherapy, those with inflammatory bowel dise-
ase or a known history of familial adenomatous 
polyposis and refusing surgical treatment. 
A control group included 30 healthy volunteers 
of the appropriate age and gender without family 
history of cancer or clinical signs of malignant 
or inflammatory bowel disease, who went for 
preventive examinations at the Gastroenterology 
Counselling Centre. Informed consents were 
obtained from all participants.  The study was 
approved by the Ethics Committee of the Clini-
cal Centre and the Ethics Committee of the Scho-
ol of Medicine, University of Sarajevo.

Methods 

Preoperative confirmation of the diagnosis of 
colorectal cancer was prepared on the basis of 
clinical examination, colonoscopy with biopsy 
following the histological evidence of tumour 
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lesions and additional radiological findings 
(chest X-ray, ultrasound and computed tomo-
graphy of the abdomen and pelvis, and if ne-
cessary, other radiological imaging). Complete 
preoperative diagnostics was carried out in the 
institutions of the Clinical Centre of the Univer-
sity in Sarajevo.
A sample of 5 mL of peripheral venous blood 
was collected from each CRC patient for MMP-
9 determination. Blood sample was taken before 
the surgical treatment of colorectal cancer in BD 
Vacutainer test tube with no additive, while the 
control blood was taken on the day of  physical 
examination.  Each test tube with blood sample 
was labelled with patient’s number and  promptly 
transported to the laboratory, where it was imme-
diately centrifuged at 1.006 x  g for 10 minutes 
at room temperature followed by separation of 
serum. All serum samples were stored at  -80°C 
until analysis of the serum concentration of 
MMP-9. Serum concentration of MMP-9 was 
quantified on duplicate aliquots of each sample 
using the technique of enzyme-linked immu-
nosorbent assay (ELISA) at the Department of 
Clinical Immunology of CCUS according to the 
manufacturer’s instructions (R&D Systems, Inc; 
RD-DMP900). Reading of the results was carried 
out spectrophotometrically at 450 nm on a plate 
reader BioTek ELX50, with the correction wa-
velength at 540 nm or 570 nm. The measurement 
concentration of MMP-9 was expressed in nano-
grams per millilitre (ng/mL). 
Surgical treatment of colorectal cancer (right 
hemicolectomy, left hemicolectomy or resec-
tion of the rectum, synchronous operation co-
lon with metastasectomies) was performed as 
part of the therapeutic process under general 
anaesthesia. Oncology surgery principle “en 
bloc” resection of colon cancer with associated 
lymph-vascular arcade was complied with du-
ring the operative treatment. After surgical re-
section and macroscopic examination of surgi-
cally obtained samples of colon cancer, samples 
of the tumour mass and lymphatic nodes were 
taken for microscopic analysis. 
Resected tumour specimens were studied histo-
logically. Histological examination included de-
termination of histological type of malignancy 
according to the categorization of the World 
Health Organization, the depth of tumour inva-

sion in the intestinal wall (pT) and the number 
of pericolic lymph nodes infiltrated with cance-
rous tissue (pN) (23). The TNM classification 
of the American Joint Committee on Cancer of 
2010 (24) was used for staging of colorectal can-
cer, in which “T” marks the degree of invasion 
of the intestinal wall, “N” level of involvement 
of lymph nodes and “M” means metastases and 
spread staging. Staging of the colorectal cancer 
was marked with numbers I to IV. All patients 
were divided into groups according to the TNM 
classification (24).

Statistical analysis

All data were expressed as the mean ± stan-
dard deviation (SD) or as median and interqu-
artile range. The normality of data distribution 
was determined by Kolmogorov-Smirnov test 
or Shapiro-Wilk test. Comparison of mean va-
lues between two groups was performed using 
Student’s t-test for variables with normal dis-
tribution and using Mann Whitney U test for 
variables without normal distribution. Kruskall-
Wallis test was used for statistical evaluation 
of more than 3 groups. A model of regression 
analysis was applied to examine the impact of 
MMP-9 on stage, depth of CR-wall invasion 
(pT) and carcinoma infiltration lymph nodes. 
The level of significance was set at p<0.05.

RESULTS

Clinical and histopathologic colorectal cancer 
was more commonly confirmed in older peo-
ple, mean age was 66.2 (range 47-78) years of 
which 61 (60%) were males. Adenocarcinoma 
was found in 100% of cases, predominantly 
grade 2, in 72 (70.6%) patients. The most 
common location of colorectal cancer was in 
the area of rectum, 34 (33.3%), and the rarest 
in the area of cecum, three (2.9%). According 
to the depth of tumour invasion of the intestine, 
histopathological pT3 was most common, in 65 
(63.3%), while pT2 was the least common, in 
nine (8.9%) patients. Distant metastasis was 
found in 29 (28.4%) patients, mostly liver me-
tastasis, in 26 (25.4%) patients. The serum con-
centration of MMP-9 was significantly higher 
in patients with CRC compared to the control 
group, 446.8 (433.2-454.3) vs. 323.6 (236.2-
374.1) ng/mL (p<0.001) (Table 1).
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Statistically significant differences in serum 
MMP-9 concentration in different stages of 
colorectal cancer and pericolonic lymph no-
des infiltrated with cancerous tissue was found 
(p < 0.01) (Table 2). The serum level of MMP-9 
was statistically significantly higher in the third 
stage of CRC as compared to the second stage 
of CRC, 454.8 (447.0-461.6) and 437.9 (403.7-
444.8) ng/mL, respectively (p<0.001). Registe-
red dynamics of the change of this parameter 

according to the depth of the CR-wall invasion 
(pT) indicated that the concentration of MMP-
9 in serum is significantly higher in pT4 group 
as compared to pT3 group of the CRC patients, 
459.5 (453.1-464.6) and 447.0 (436.8-457.0) ng/
mL, respectively (p<0.001).
Statistically significant differences were confir-
med in the average level of MMP-9 in sera in 
cohort group of patients according to the exi-
sting infiltration of the lymph nodes (p<0.01). 
Mean value of the MMP-9 serum concentrati-
on was higher in the group N1 (the abstraction 
of 1-3 regional lymph node with cancer tissue) 
compared to N0 group of patients with no lymph 
node presentation in cancerous tissue, as well as 
in group N2 (metastases to 4 or more regional 
lymph nodes) compared to N0 group without 
lymph nodes involvement. It was also confirmed 
that the serum level of MMP-9 was significantly 
higher in patients with metastatic CRC than in 
those without metastasis, 458.5 (452.0-468.1) vs. 
445.8 (436.9-456.5) ng/mL (p<0.001).
The model of regression analysis showed that 
MMP-9 serum concentrations were an indepen-
dent predictor for the stage of colorectal cancer 
(p<0.001) as well as of the carcinoma infiltration 
lymph nodes (p<0.05) (Table 3). 

Demographic and clinical 
parameter

Control
(n=30)

CRC
(n=102) p  

Age (years) (median; min, max)  64.1 (47-78)   66.2 (51-78) 0.06
Males (No, %)  14 (46.7%) 61 (60%) 0.20
MMP-9 (ng/mL) (median and 
interquartile range)

323.6
(236.2-374.1)

446.8
(433.2-454.3) 0.001

Localization of CR cancer (No, %)
Cecum 3 (2.9%)      -
Ascendens 15 (14.7%)      -
Transversum 3 (2.9%)      -
Descendens 6 (5.9%)      -
Sigmoid 22 (21.5%)      -
Rectosigmoid 19 (18.6%)      -
Rectum 34 (33.3%)      -

Table 1. Demographic and clinical characteristics of the 
control group and colorectal cancer group patients

MMP-9, matrix metalloproteinase 9; CRC, colorectal cancer

Characteristics MMP-9 (ng/mL) (median 
and interquartile range)     p 

Stage of CRC
    I stage 
   II stage
   III stage
   IV stage

436.1 (409.9-442.8)
437.9 (403.7-444.8)
454.8 (447.0-461.6)*
458.5 (452.0-468.1)*

stage II vs stage I
stage III vs stage II
stage IV vs stage II
stage IV vs stage III

<0.01

0.145
0.000
0.000
0.102

Depth of CR-wall invasion (pT)     
   pT2
   pT3
   pT4

450.4 (438.8-454.8)
447.0 (436.8-457.0)
459.5 (453.1-464.6)*

pT3 vs. pT2
pT4 vs. pT2
pT4 vs. pT3

<0.01

0.396
0.081
0.000

Lymph node involvement

<0.01

0.000
0.543
0.000

   N0
   N1
   N2

438.4 (418.4-447.8)
456.4 (445.9-464.7)*
456.6 (449.8-464.5)*

N1 vs. N0
N2 vs N1
N2 vs N0

Metastatic disease

<0.001
   M0
   M1

445.8 (436.9-456.5) 
458.5 (452.0-468.1)

Table 2. Serum concentration of matrix metalloproteinase 9 
(MMP-9) according to the stage of colorectal cancer (CRC), 
depth of CR-wall invasion (pT), lymph node involvement and 
metastatic disease

 *p<0.001, the difference between stages III – II and stages IV - II, 
between pT4 and pT3, between N1 and  N0, and between N2 and  N0.

B SE Beta t p CI 95.0%
(lower – higher)

Constant   -1.711 0.692 -2.472 0.015 -3.083 -0.339
MMP-9 0.007 0.001 0.351 6.390 0.000 0.005 0.009

The dependent variable: the stage of CRC

Constant -2.143 1.149 -1.865 0.066 -4.426 0.141
MMP-9 0.006 0.002 0.246 2.632 0.010 0.002 0.011

Dependent variable: carcinoma infiltration of the lymph nodes

Table 3. Matrix metalloproteinase 9 (MMP-9) as an independ-
ent predictor of colorectal cancer (CRC) progression

SE, standard error; CI, confidence interval; B, regression coefficient 

DISCUSSION

Matrix metalloproteinases are involved in the re-
modelling of extracellular matrix in a variety of 
normal and pathological processes, such as mor-
phogenesis, angiogenesis, tissue repair. In some 
solid tumours this enzyme enhances tumour in-
vasion and metastasis ability (25). Several studies 
have shown that matrix metalloproteinase can play 
an important role as indicators of colorectal cancer 
and its progression (26,27). The question of the si-
gnificance of these enzymes, particularly MMP-9 
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and their serum levels correlation with progression 
of colorectal cancer remains open (22). 
The results of our study indicate that the concen-
tration of MMP-9 in the serum of patients with co-
lorectal cancer was significantly higher than in the 
control group. Significant increase in serum levels 
of MMP-9 was observed with disease progression.  
Although the highest value was found in patients 
in the fourth stage of colorectal cancer, we found 
that serum MMP-9 levels were significantly incre-
ased in stage III patients compared to stage II pa-
tients, as well as in stage IV patients compared to 
stage II patients. Biasi et al. reported a statistically 
significant increase in the serum enzymatic acti-
vity and protein levels of MMP-9 only for the se-
cond and the third stage of colorectal cancer, com-
parable to the tendency we found (28). They also 
confirmed by immunohistochemistry that MMP-9 
was clearly produced in large amounts in tumours 
at stage two and third. 
Metastasis of cancer is a complex, multifacto-
rial and multistage process, involving stromal 
invasion, penetration into the bloodstream from 
the primary site, the secondary site extravasa-
tion and growth of new tumours (29). These 
processes require degradation of extracellular 
matrix by proteolytic enzymes, among which 
the most important are the matrix metalloprote-
inases (6). In our research, it was found that the 
concentration of matrix metalloproteinase 9 in 
patients with colorectal cancer was significantly 
higher in patients with metastatic form of the di-
sease, suggesting that MMP-9 is included in the 
cancer invasion and formation of metastases. A 
study of Hurst and colleagues also indicates ele-
vated serum levels of MMP-9 in patients with 
colorectal cancer (18). Wilson et al. demonstra-
ted that higher serum MMP-9 concentrations 
were significantly associated with the presence 
of colorectal neoplasia, with the suggestion that 
MMP-9 probably has the highest predictive value 
when used as part of a panel of biomarkers (19). 
Conversely, some authors did not show clear asso-
ciation of MMP-9 with significant colorectal patho-
logy despite robust sampling protocols in evaluati-
on of accuracy of a serum matrix metalloproteinase 
9 test in indicating colorectal cancer or its precur-
sor conditions in a symptomatic population (30). 
Recent study of Jonsson et al. demonstrated si-
gnificant differences regarding concentrations of 

some matrix metalloproteinases including MMP-9, 
using plasma vs serum (31). In this study all MMPs 
expressed higher concentration in serum compared 
with plasma. The authors of this study considered 
that measurements in serum could reflect the rele-
ase of proteases by involved blood cells during the 
clotting process and that the use of anticoagulant in 
the collected blood prevent this artefact, and there-
fore they recommended the use of plasma samples 
for future studies of these proteases.
Herszényi et al. showed that the matrix metallo-
proteinases and their tissue inhibitors (TIMPs) are 
particularly important in the process of tumour 
invasion, progression and metastasis of colorectal 
cancer (32). The results of our study also suggest 
that MMP-9 plays an important role during the 
metastasis of colorectal cancer. Research by Ting 
and associates suggests that genetic variations in 
MMP-2 and MMP-9 may be potential predictors 
of survival without the existence of distant meta-
stases after curative surgery (33). Recent studies 
have also shown that the level of gene expression 
and enzyme activity of MMP-2 and MMP-9 corre-
lates with the initiation, progression, angiogenesis, 
metastasis and recurrence of colorectal cancer (34-
36). In a study Said et al. (37) the level of expressi-
on of MMP-1, -2, -7, -9 and -13 is correlated with 
poor outcome, and MMP-12 may be protective. 
Such findings suggest that the matrix metallopro-
teinase can be an attractive therapeutic target. 
The results of linear regression analysis in our 
study indicate that serum MMP-9 concentration 
is statistically significant independent positive 
predictor of stages of colorectal cancer and car-
cinoma infiltration of pericolonic lymph nodes. 
In conclusion, a significant increase in serum con-
centrations of MMP-9 in relation to the stage of 
CRC, depth of CR-wall invasion, lymph nodes 
involvement and present of metastatic disease in-
dicates the involvement of MMP-9 in carcinoge-
nesis and progression of human colorectal cancer. 
The search for non-invasive markers and useful 
parameters progression of neoplastic diseases of 
the colon is of great importance. Our findings su-
ggest that serum MMP-9 could establishes itself 
as a “liquid biopsy” parameter, but there is a need 
for additional clinical studies with a large group of 
patients with CRC and meta-analysis to determine 
the “cut-off” values for different stages of colo-
rectal cancer.
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SAŽETAK

Cilj Utvrditi nivoe koncentracije matriks metaloproteinaze 9 (MMP-9) u serumu i njihove povezanosti 
sa stadijem i patohistološkom veličinom kolorektalnog karcinoma (KRK). 

Metode Stotinu i dva pacijenta sa klinički i patohistološki potvrđenom dijagnozom kolorektalnog karci-
noma, koji su bili za hirurško liječenje, uključeni su u studiju. U svakog pacijenta preoperativno su uzeti 
uzorci periferne venske krvi za određivanje koncentracije MMP-9 pomoću ELISA-testa. Resecirani 
uzorci tumora proučavani su patološki prema kriterijima TNM klasifikacije, te su i pacijenti podijeljeni 
u grupe prema TNM klasifikaciji. Kontrolnu grupu predstavljalo je 30 ispitanika odgovarajuće dobi i 
spola, bez porodične historije karcinoma, kliničkih znakova maligniteta ili upalne bolesti crijeva. 

Rezultati Serumski nivoi MMP-9 progresivno su se povećavali u pacijenata sa KRK-om dostigavši 
najveću vrijednost u četvrtom stadiju bolesti. Također je potvrđeno da su koncentracije MMP-9 u se-
rumu bile značajno više u bolesnika sa zahvaćenim u odnosu na bolesnike bez zahvaćenih perikoličnih 
limfnih čvorova 456,4 (445,9-464,7) ng/mL nasuprot 438,4 (418,4-447,8) ng/mL (p<0,001). Statistički 
značajno veći serumski nivoi MMP-9 nađeni su u pacijenata sa metastatskim kolorektalnim karcino-
mom, 458,5 (452,0-468,1) ng/mL, u odnosu na pacijente bez metastatske bolesti, 445,8 (436,9-456,5) 
ng/mL (p<0,001). 

Zaključak  Potvrđeno je da je serumska koncentracija MMP-9 predstavljala značajan neovisan faktor 
rizika za progresiju KRK-a.

Ključne riječi: karcinom debelog crijeva, proteolitički enzim, serum, rizik, progresija

Rašić et al. Matrix metalloproteinase 9 and colon cancer
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ABSTRACT

Aim To evaluate  immobilization with dorsal forearm plaster splint 
with the wrist in dorsal flexion vs palmar flexion in patients with 
distal radius fracture.

Methods In the prospective study (2012-2014) 122 patients (of 
which 22 patients lost) with fractures of the distal radius type A2, 
A3 and C according to the AO classification were investigated. At 
the end there were 50 patients in each of the two groups: the dor-
siflexion (DF) group had a total of 37 women and 13 men, mean 
age was 63.48 ± 14.70, and in the palmar flexion (PF) group there 
were respectively 38/12, and the mean age was 64.20 ± 12.99. In 
both groups measurements of radiological, clinical and functional 
parameters were conducted. Patient related wrist evaluation sur-
vey (PRWE) and SF12 questionnaire were used for evaluation of 
pain and function of the wrist and physical and mental condition, 
respectively. 

Results The study showed excellent results in both groups but there 
was significant improvement in the range of motion (ROM) on 
every measurement in the DF group: dorsal flexion 47.70±15.29;  
ulnar deviation 24.10±7.80; radial deviation 11.50±5.65 vs PF 
22.80±19.04; 16.00± 9.31; 4.80± 494 (p<0.001). Also, radiologi-
cal parameters showed significant improvement until the end of 
the follow-up. Functional parameters showed significant improve-
ment of physical component of SF-12 in the DF group (p˂0.014).

Conclusion Immobilization with forearm plaster splint on the dor-
sal side and with the wrist in dorsiflexion gives better early clini-
cal, radiological and functional results in patients with fractures 
of type A2, A3, C1-3 in patients of all age groups, compared to 
immobilization with the wrist in palmar flexion.

Keywords: wrist, distal radius fracture, conservative treatment, 
splints
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INTRODUCTION

According to the Arbeitsgemeinschaft für Os-
teosynthesefragen (AO) classification, which is 
the preferred classification system, distal radius 
fractures are divided into extra-articular (A), par-
tial articular (B) and complete articular (C) (1-4). 
There is a consensus about the best way of treat-
ment only for the B type fracture, e.g. open reduc-
tion and internal fixation (5,6). Fractures without 
displacement can be treated conservatively and 
only displaced fractures without stability param-
eters (shortening of the radius ˂3mm, articular 
step˂2 mm, and dorsal inclination ˂10°) should 
be treated surgically (4). However, the same au-
thors cannot suggest the best type of treatment for 
the fractures with displacement which are stabile 
after reposition, means within stability parameters 
(7-9). On the other hand, any type of surgical treat-
ment of stabile fractures with displacement does 
not give better results in terms of improvement of 
function versus conservative treatment (10-14). 
Today there are different conservative ap-
proaches in traumatology in terms of the 
type of immobilization,duration of immo-
bilization, immobilization level, reposition-
ing techniques and rehabilitation (15,16). 
For most authors, the treatment of distal radius 
fracture consists of immobilization with forearm 
dorsal plaster splint with the wrist in a position 
of palma reflexion and ulnar adduction (14,17). 
Ligamentotaxis is based on the preservation of the 
positions of fracture fragments using strained sur-
rounding soft tissues (18). The first ligamentotaxis 
techniques consisted of the placement of the wrist 
in position of maximum palmare flexion which led 
to a great number of complications in terms of neu-
ropathy of median nerve or extensor pollicis tend 
on rupture. Therefore, it was replaced by a modifi-
cation of the same position as suggested by Charl-
ney and Bölerwith the 20° of palmar flexion and 
20°of ulnar adduction, which reduced the incidence 
of these complications (19,20). On the other hand, 
better functional, clinical and radiological results in 
the intra and extra articular fractures of the distal 
radius were demonstrated in patients with the same 
type of immobilization, but with the wrist in the po-
sition of dorsal flexion and ulnar adduction (21-23).
The aim of this study was to compare two types 
of ligamentotaxis or immobilisation of wrist in 
dorsal and palmar flexion. Based upon our expe-

rience and above mentioned positive results, 
immobilisation of the wrist in dorsiflexion/ad-
duction should give better results than the immo-
bilisation in palmar flexion/ulnar adduction in 
patients with distal radius fracture.

PATIENTS AND METHODS

Patients and study design

In this prospective cohort study122 patients ad-
mitted to the Trauma Centre of the University 
Clinical Hospital Mostar, Bosnia and Herzegovi-
na, from spring of 2012 to spring 2014 with distal 
radius fracture.
Inclusion criteria were patients with distal radius 
fracture and the age above 25 years. Exclusion 
criteria were previous fracture in the same place, 
associated diseases such as diabetes mellitus and 
rheumatoid arthritis, open distal radius fractures, 
ulna fracture (except fracture of the styloid pro-
cess), patients with unstable distal radius fractu-
res (fractures that are unstable immediately after 
the reposition or on the control after 7-days and 
Smith’s fracture). Patients were selected in the 
groups, oral clarification was made by an exami-
ner obtaining informed patients’ consents. Insti-
tutional review board and the Ethical Committee 
of the University Clinical Hospital Mostar appro-
ved the investigation. The patients were divided 
in two groups: with immobilisation of the wrist 
in dorsal flexion and ulnar deviation (DF group), 
and in group with immobilisation of the wrist in 
palmar flexion and ulnar deviation (PF group). 
At the beginning there were 62 patients in the DF 
group and 60 in the PF group. During the follow-
up period 22 patients were lost (15 patients did 
not come to the control and seven did not satisfy 
stability parameters). In the PF group seven pa-
tients were lost because they did not come to the 
control and three patients were opted to another 
type of treatment due to instability.
At the end of the investigation 50 patients remai-
ned in each group; mean age was 63.48±14.70 in 
DF group and 64.20±12.99 in PF group; 25 were 
males and 75 females. 

Methods

After hematoma block with 4mL of 2% lido-
caine injected in the fracture site, fractures were 
manipulated with traction by two assistants with 
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forearm in pronation. Upon the reduction of frag-
ments, the immobilisation with plaster splint on 
the dorsal side was done. In the DF group with 
constant counter traction of two assistants, the 
surgeon was giving a pressure on the distal radi-
us fragment while the assistant was bringing the 
wrist in 20° of dorsal flexion and minimal devia-
tion. In the PF group everything was done in the 
same way, except for the wrist that was positioned 
in 20°of palmar flexion and minimal ulnar devia-
tion which was completely done by the surgeon, 
while the upper arm counter traction was done by 
the assistant. After wrist anteroposterior (AP) and 
lateral radiographs (L) was done, the measure-
ments of radiological parameters of volar inclina-
tion and the radial height and the radial inclina-
tion were taken, and in the case of intra articular 
fracture ‘’step off’’ was measured. Radial height 
was measured on AP: two lines perpendicular to 
the radial shaft were drawn; one was drawn along 
the articular surface and the second one along the 
styloid tip (a normal measure 9.9mm - 17.3mm). 
Radial inclination was measured on AP: the angle 
of the distal radial surface with respect to a line 
perpendicular to the shaft (a normal slope should 
be 15° - 25°). Volar inclination was measured on 
L: the angle of the distal radial surface with respect 
to a line perpendicular shaft  (10°- 25° was con-
sidered normal). If the fracture was stable (short-
ening of the length of radius bone<3mm, dorsal 
inclination 10° and intra articular step<2mm), the 
patient would have the next control in 7days; in 
case that the control radiograph demonstrated the 
stability, the next control was in four weeks after 
the immobilisation, and in case of instability at the 
first appointment the patient left the study and was 
referred to a different form of the treatment. 
After 4 weeks from the beginning of the study the 
immobilization was removed, a new radiograph 
control was conducted during which again the ra-
diological measurement of radial height (RH) in 
millimetres (mm) and radial inclination (RI) and 
palmar inclination (PI) in degrees (°) were mea-
sured, and in addition, clinical measurements   of 
the range of motion (ROM) with goniometer (ex-
pressed in degrees) (dorsal and palmar flexion DF/
PF, ulnar/radial deviation UD/RD), grip strength 
(GS) (mmHg, with pressure gauge) were made.
Patient rated wrist evaluation surveys (PRWE) 
were conducted examining pain and function of 

the wrist. The PRWE questionnaire consisting of 
15 questions related to pain and disability in daily 
activities of the wrist. The PRWE allows the pa-
tient to assess their pain and disability from 0-10 
with two sets of questions with regard to pain- 
5 items (0 = no pain, 10 = strongest ever) and 
the function- 10 items (6 specific and 4 common 
activities; 0 = feasible without difficulty, 10 = 
impossible). The total number of points for both 
groups of questions was 100 (0 = no difficulty), 
where items for pain and function carry the same 
number of points (24).
The SF 12 questionnaire (short form) that exami-
ned the general physical and mental condition of 
the patient were also conducted. The SF 12 is a 
questionnaire that measures the quality of health 
through subjectively described physical and men-
tal condition. It consists of 12 questions taken 
from the larger questionnaire SF-36. At the end of 
the questioning, the questionnaire obtained sepa-
rate sums for both domains (physical and mental 
component of SF 12 survey SFPCS/SFMCS) thro-
ugh the sum of all 12 questions (25).
The next examination was made after two months 
when all radiographic, clinical and functional 
measurements were made. The patients were ob-
served for all related recognized complications 
during the follow-up. 

Statistical analysis

Data were processed using descriptive and infe-
rential statistical methods. Continuous variables 
were presented as arithmetic mean and standard 
deviation. Distribution of the sample population 
was tested using Kolmogorov-Smirnov test. It 
was assessed the normality of the distribution for 
all measures and for each group. Student t-test 
used for testing of differences for continuous va-
riables was used. The p-value of <0.05 was taken 
as statistically significant for all measurements. 

RESULTS

Two groups of patients were equalac cording to all 
observed parameters, i.e. they were comparable.
On the first and second measurement, patients in 
DF group had a significantly greater range of mo-
tion. The parameter of range of motion was sig-
nificantly higher on each control in the DF group 
(DF 40.70°, UD 24.10°, RD 11.50°; p˂0.001) vs 
PF group (Table 1).



239

Radio logical parameters demonstrated a signifi-
cant difference between the two groups in terms 
of better restoration of anatomy in the DF group 
(RH 11.67 mm; p=0.003; RI 5.34°; p˂0.001), ex-
cept for palmar inclination that was significantly 
better resort on the first measurement in PF group 
(PI 11.84°; p=0.001). Both types of immobiliza-
tion give radiological results that have a positive 
effect on the improvement of the patient’s condi-
tion, but with statistically better improvement in 
the DF group (p=0.001) (Table 2).

Variable
Group

t pDF PF
X̅ SD X̅ SD

Age 63.48 14.70 64.20 12.99 0.260 0.796
After immobilisation removal
Palmar flexion(°) 47.80 16.39 42.50 21.07 1.404 0.164
Dorsal flexion(°) 40.70 15.29 22.80 19.04 5.184 <0.001
Ulnar deviation (°) 24.10 7.80 16.00 9.31 4.714 <0.001
Radial deviation (°) 11.50 5.65 4.80 4.94 6.312 <0.001
Strength (mmHg) 49.50 19.20 43.40 15.99 1.726 0.087
Two months after immobilisation removal
Palmar flexion (°) 63.60 13.52 64.90 14.41 0.465 0.643
Dorsal flexion(°) 60.70 14.95 53.90 20.78 1.878 0.064
Ulnar deviation (°) 29.00 4.95 24.40 6.52 3.974 <0.001
Radial deviation (°) 17.80 5.55 14.80 7.28 2.317 0.023
Strength (mmHg) 76.80 23.40 70.10 16.80 1.645 0.104

Table1. Comparison of clinical parameters between dorsiflex-
ion (DF) and palmar flexion (PF) groups

Variable
Group

t pDF PF
X̅ SD X̅ SD

Age 63.48 14.70 64.20 12.99 0.260 0.796
After reposition
Radial height (mm) 11.67 1.67 10.36 2.53 3.056 0.003
Radial inclination (°) 24.32 3.14 20.00 4.98 5.191 <0.001
Palmar inclination (°) 5.34 6.28 11.84 11.16 3.589 0.001
After immobilisation removal
Radial height (mm) 10.41 1.73 9.34 1.81 3.017 0.003
Radial inclination (°) 20.64 4.43 18.18 4.63 2.713 0.008
Palmar inclination(°) 3.30 7.01 3.50 6.26 0.150 0.881
Two months after immobilisation removal
Radial height (mm) 10.18 1.83 9.12 1.89 2.851 0.005
Radial inclination (°) 20.02 4.76 17.34 4.52 2.889 0.005
Dorsal inclination (°) 2.70 7.35 3.18 5.91 0.360 0.720

Table 2. Comparison of radiological parameters between 
dorsiflexion (DF) and palmar flexion (PF) groups

Variable
Group

t pDF PF
X̅ SD X̅ SD

After the immobilisation removal
PRWE 73.17 17.56 73.12 23.74 0.012 0.990
SFMCS 61.58 10.30 63.84 9.67 1.131 0.261
SFPCS 32.14 5.64 30.08 5.80 1.800 0.075
Two months after the immobilisation removal
PRWE 27.13 22.53 25.87 20.05 0.295 0.769
SFMCS 60.32 10.04 61.90 8.76 0.839 0.404
SFPCS 43.10 8.35 39.26 7.00 2.492 0.014

Table 3. Comparison of functional parameters between dorsi-
flexion (DF) and palmar flexion (PF) groups

PRWE, Patient related wrist evaluation; SFPCS, Short Form Physical 
Component Survey; SFMCS, Short Form Mental Component Survey;

Variable
Gender 

t pM W
X̅ SD X̅ SD

Age 53.00 14.37 67.45 11.62 5.067 <0.001
After immobilisation removal
Palmar flexion(°) 50.00 19.69 43.53 18.58 1.485 0.141
Dorsal flexion(°) 39.00 22.64 29.33 17.69 1.946 0.060
Ulnar deviation(°) 22.40 8.79 19.27 9.61 1.441 0.153
Radial deviation (°) 9.40 7.68 7.73 5.71 1.154 0.251
Strength (mmHg) 62.40 18.83 41.13 14.01 5.189 <0.001
PRWE 74.56 23.37 72.67 19.98 0.392 0.696
SFPCS 33.28 5.84 30.39 5.62 2.207 0.030
SFMCS 64.00 6.34 62.28 10.96 0.960 0.340
Two months after immobilisation removal
Palmar flexion(°) 70.40 14.78 62.20 13.08 2.627 0.010
Dorsal flexion(°) 63.40 18.01 55.27 18.10 1.948 0.054
Ulnar deviation(°) 28.00 5.59 26.27 6.37 1.213 0.228
Radial deviation  (°) 18.00 7.22 15.73 6.35 1.493 0.139
Strength (mmHg) 93.80 20.07 66.67 15.73 6.953 <0.001
PRWE 17.46 18.83 29.55 21.22 2.530 0.013
SFPCS 44.68 8.64 40.01 7.34 2.632 0.010
SFMCS 62.56 5.24 60.63 10.42 1.211 0.229
After reposition
Radial height (mm) 11.08 2.06 10.99 2.30 0.167 0.867
Radial  inclination (°) 22.28 4.81 22.12 4.66 0.147 0.883
Palmar inclination (°) 7.72 9.49 8.88 9.66 0.522 0.603
After immobilisation removal
Radial height (mm) 10.12 1.76 9.79 1.87 0.765 0.446
Radial  inclination (°) 20.12 4.09 19.17 4.86 0.875 0.384
Palmar inclination (°) 4.16 6.43 3.15 6.70 0.662 0.510
Two months after immobilisation removal
Radial height (mm) 9.96 1.79 9.55 1.97 0.929 0.355
Radial  inclination (°) 19.48 4.33 18.41 4.95 0.960 0.339
Palmar inclination (°) 4.72 5.13 2.35 7.00 1.559 0.122

Table 4. Comparison of clinical, radiological and functional 
parameters by gender

PRWE, Patient related wrist evaluation; SFPCS, Short Form Physical 
Component Survey; SFMCS, Short Form Mental Component Survey;

The PRWE survey showed no significant diffe-
rences between the two groups. The results of 
the SF12 survey showed a significant difference 
on the second control a in physical component 
between the two groups with a better out come 
in the DF group (SFPCS43.10, p=0.014). Func-
tional results showed a particularly significant 
decrease in pain and increase in functions proven 
through results of the SF 12 survey (Table 3). 

There was a significant difference between males 
and females in the power grip strength in terms 
of a stronger grip strength in males (62.40mm 
Hg; p=0.001). Palmar flexion increased in both 
sexes, but again significantly in males (PF 70.40°, 
p=0.010). The functional results of the PRWE 
survey and the SF12 questionnaire scores demon-
strated a significant improvement in males (PRWE 
17.46, p=0.013; SFPCS33.28; p=0.030) (Table 4).

Grle et al. Conservative treatment of distal radius fracture
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Data comparison revealed that there was a sig-
nificantly better grip strength at the second mea-
surement and better results of functional score 
in patients without complications (GS 74.95 
mm Hg, p=0.003; PRWE 24.30; p˂0.001) (pa-
tients with complication had Morbus Sudeck and 
were in DF group). The patients with complica-
tions had significantly reduced grip strength, and 
worse functional results. More common compli-
cations were found in the group with dorsal im-
mobilisation (Table 5).

fracture (20). The dorsal carpal ligaments are at-
tached only to the triquetrum, while most of the 
palmar flexion occurs in the mid carpal joint, 
and in palmar flexion immobilisation, those liga-
ments are not tense and they are unable to stabi-
lize the fracture displacement (20). Therefore, in 
the dorsiflexion position of the wrist radiotriqu-
etral and radiocapitate ligaments are tense. They 
are attached to the distal row of carpal bones 
causing in that way a double positive effect on 
fracture reposition preservation through the sta-
bilization of those two rows and relaxation of ex-
tensor apparatus. This kind of “S“ shape immo-
bilisation performed by this technique stabilizes 
the fracture fragments in both types of fractures, 
especially in intra articular fractures (26). There 
is no consensus on the best treatment of fractures 
of the distal part of the radius, even though the 
fracture has been recognized and therapeutic ap-
proaches investigated in detail for the past 200 
years (27,28). The good clinical practice in most 
centres throughout the world is made up of con-
servative treatment of these fractures with the 
wrist in a palmar flexion of 20° and mild ulnar 
deviation and the results of this treatment are sat-
isfactory especially in older people (29). How-
ever, in people under 65 years of age, results, 
particularly short-term, are not very satisfactory 
(30). Therefore, Guptain the 90’s worked on dif-
ferent types of conservative treatment with the 
immobilization under elbow cast with the wrist 
in the dorsal flexion of  20° and mild ulnar devia-
tion, and showed better radiological results with 
better flexibility of wrist and faster recovery of 
the hand grip strength (20). In this study, which 
is different from Gupta΄s study, under elbow 
plaster splint immobilization was used instead of 
complete cast in both groups. Data in this study 
showed that immobilization in dorsiflexion re-
ally improves the mobility of the wrist in earliest 
period, which is certainly important for a faster 
recovery and a quicker return to work activities. 
Radiological measurement has demonstrated a 
significant difference in all of the observed pa-
rameters in the first control. Reduction of the 
radial height significantly affects the results of 
the initial range of motion of the wrist and this 
study observed a significantly better preservation 
of this parameter in the DF group and that had an 
impact on better functional result of the treatment 
(31,33). In the second control, palmar inclination 

Variable
Complication

t pNO YES
X̅ SD X̅ SD

Age 63.54 14.01 68.50 9.85 0.852 0.397
After immobilisation removal
Palmar flexion (°) 45.64 18.63 37.50 24.44 1.019 0.311
Dorsal flexion  (°) 31.70 19.24 32.50 23.61 0.097 0.923
Ulnar deviation (°) 20.11 9.30 19.17 12.81 0.235 0.815
Radial deviation (°) 8.09 6.27 9.17 6.65 0.408 0.684
Strength (mmHg) 46.76 17.62 41.67 22.29 0.675 0.501
PRWE 73.41 21.07 69.00 16.26 0.502 0.617
SFPCS 31.03 5.91 32.33 3.56 0.532 0.596
SFMCS 63.09 9.70 56.83 13.64 1.493 0.139
Two months after immobilisation removal
Palmar flexion(°) 65.37 12.81 46.67 19.66 2.299 0.067
Dorsal flexion(°) 58.09 18.01 45.00 20.74 1.712 0.090
Ulnar deviation(°) 26.91 6.10 23.33 7.53 1.377 0.172
Radial deviation(°) 16.33 6.69 15.83 5.85 0.177 0.860
Strength (mmHg) 74.95 19.86 50.00 17.89 2.998 0.003
PRWE 24.30 19.39 60.50 20.60 4.417 <0.001
SFPCS 41.62 7.88 34.33 4.84 2.232 0.028
SFMCS 61.63 8.69 53.00 16.17 1.295 0.250
After reposition
Radial height(mm) 11.10 2.27 9.67 .82 1.537 0.128
Radial inclination (°) 22.19 4.72 21.67 4.27 0.265 0.791
Palmar inclination (°) 9.06 9.58 1.17 6.34 1.986 0.050
After immobilisation removal
Radial height (mm) 9.92 1.87 9.17 1.17 0.970 0.334
Radial inclination (°) 19.48 4.69 18.33 4.80 0.580 0.564
Palmar inclination (°) 3.66 6.48 0.67 8.07 1.565 0.121
Two months after immobilisation removal
Radial height (mm) 9.71 1.94 8.67 1.37 1.295 0.198
Radial inclination (°) 18.74 4.79 17.67 5.43 0.531 0.597
Palmar inclination (°) 3.17 6.52 0.67 8.07 1.378 0.171

Table 5. Comparison of clinical, radiological and functional 
parameters by presence of complication

PRWE, Patient related wrist evaluation; SFPCS, Short Form Physical 
Component Survey; SFMCS, Short Form Mental Component Survey

DISCUSSION

Fracture of the distal radius breaks the continuity 
of the shaft, and the flexor and extensor muscles 
indirectly cause dislocation of the fragments (20). 
It is therefore very important to cancel this force. 
Palmar flexion is required at the point of fracture 
to tighten intact periosteum from the dorsal side 
of the fracture and to give more stability to the 
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Rani rezultati konzervativnog liječenja pacijenata s prijelomom 
distalnog okrajka palčane kosti – usporedba imobilizacije ručnog 
zgloba u dorzalnoj ili palmarnoj fleksiji
Maki Grle1, Miro Miljko2, Ivana Grle3, Faruk Hodžić4, Tarik Kapidžić4

1Odjeljenje za radiologiju,2 Odjeljenje za radiologiju,3 Odjeljenje za fizikalnu medicinu i rehabilitaciju; Sveučilišna klinička bolnica Mostar,4 
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SAŽETAK

Cilj Procijeniti prednosti imobilizacije podlaktičnom gips-longetom s ručnim zglobom u dorzalnoj flek-
siji naspram položaja ručnog zgloba u palmarnoj fleksiji kod pacijenta s prijelomom distalnog dijela 
palčane kosti. 

Metode U ovoj prospektivnoj kohortnoj studiji (2012-2014) bila su ispitivana 122 pacijenta (od kojih 
su 22 izgubljeni za vrijeme praćenja) s prijelomom distalnog okrajka palčane kosti tip A2, A3 i C prema 
AO klasifikaciji. Na kraju su dobivene dvije skupine od po 50 pacijenta: u dorzifleksijskoj (DF) grupi 
bilo je ukupno 37 žena i 13 muškaraca srednje životne dobi od 63.48 ± 14.70 godina, a u palmarnoflek-
sijskoj (PF) grupi bilo je 38 žena i 12 muškaraca srednje životne dobi od 64.20 ± 12.99 godina. Mjereni 
su radiološki, klinički i funkcionalni parametri u obje grupe. PRWE-anketa i SF-12 upitnik bili su kori-
šteni za procjenu razine bola i funkcije zgloba, te općeg tjelesnog i psihičkog stanja pacijenta. 

Rezultati Pokazali su značajno poboljšanje kliničkih parametara opsega pokreta na svakom mjerenju u 
DF grupi: dorzalna fleksija 47.70±15.29; ulnarna devijacija 24.10±7.80; radijalna devijacija 11.50±5.65, 
naspram PF grupe: 22.80±19.04, 16.00± 9.31, odnosno 4.80± 4,94 (p<0,001), te radioloških i funkcio-
nalnih parametara kroz anketu SF-12 u DF grupi (p˂0,014). 

Zaključak Imobilizacija ručnog zgloba u dorzifleksiji daje bolje rane kliničke, radiološke i funkcional-
ne rezultate naspram imobilizacije u plamarnoj fleksiji kod pacijenata s prijelomom distalnog radijusa 
tip A2, A3, C prema AO klasifikaciji.

Ključne riječi: ručni zglob, prijelom distalnog radijusa, konzervativno liječenje, imobilizacije.

Grle et al. Conservative treatment of distal radius fracture
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ABSTRACT

Aim To identify modes of venous thromboembolism (VTE) 
prophylaxis in patients undergoing elective major orthopaedic sur-
gery (total hip or knee arthroplasty, THA/TKA) at a single univer-
sity-associated hospital in Croatia.

Methods A retrospective analysis of consecutive patients subjec-
ted to THA or TKA over a two-year period (2014-2015) with a 
focus on anticoagulation during the first 15 post-surgical days (pe-
riod of highest VTE risk).

Results  Of 603 identified patients three (0.5%) were not anticoa-
gulated (haemophilia) and others received perioperative doses of 
low molecular weight heparins (LMWH). Overall, 228 (37.8%) 
patients received prophylaxis not involving warfarin, and 372 con-
tinued with short-term LMWH with switching to warfarin. They 
contributed a total of 1218 international normalized ratio (INR) 
values (median=3, range=1-8). These were consistently below the 
target INR range across the observed period. Between post-surgi-
cal days 6 and 15 (after the initial titration), 438 values were taken 
in patients treated with LMWH+warfarin and 92.7% were below, 
and only 6.8% within the target range; 580 values were taken in 
patients already switched to warfarin, 74% were below and only 
25% within the range.

Conclusion The prevailing mode of VTE prophylaxis was in a 
clear contrast to (then) actual professional guidelines, with ina-
dequate monitoring and poor anticoagulation. There is no reason 
to expect a substantially different situation at other institutions 
across the country. The prevailing practice of VTE prophylaxis 
in major orthopaedic surgery in Croatia should be promptly aban-
doned and up-dated in agreement with the current state of the art.

Key words: hip, knee, arthroplasty, venous thromboembolism
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INTRODUCTION

Elective total hip (THA) and knee arthroplasty 
(TKA) are highly successful procedures that con-
vey great improvements in functional ability and 
quality of life in patients suffering a variety of pat-
hological hip/knee conditions. Both surgeries have 
a successful and long-standing history in Croatia 
(1). However, both procedures are associated with 
an increased risk of post-surgical venous throm-
boembolic incidents (VTE) – deep venous throm-
bosis or pulmonary embolism. In the 1970s, the 
estimated risk of such events was in the range of 
20-25% but introduction of thromboprophylaxis, 
improvement of surgical techniques and post-sur-
gical management (e.g., early ambulation) have 
greatly reduced their occurrence (2). As estima-
ted by the American College of Chest Physicians 
(ACCP), the critical period for the occurrence of 
VTE lasts for 30-35 post-surgical days and a con-
temporary risk of symptomatic VTE associated 
with elective THA/TKA without prophylaxis is 
estimated at 2.9% over the first 15 post-surgical 
days and up to 4.6% during the 30-35 days (2). 
While there are different mechanical and pharma-
cological means of thromboprophylaxis, a thoro-
ugh systematic review conducted by ACCP de-
monstrated that pharmacological means should be 
preferred except when explicitly contraindicated 
(2). Based on a comprehensive evaluation of clini-
cal trial data of individual pharmacological means 
vs. no treatment, mechanical methods or vs. each 
other, which assessed the risk of VTE and the risk 
of relevant bleedings (i.e., major or non-major cli-
nically relevant), ACCP also suggested that low-
dose acetylsalicylic acid (alone or combined with 
mechanical means) and unfractionated heparin 
should not be used in this setting, emphasized the 
role of low molecular weight heparins (LMWH) 
particularly in comparison to vitamin K antago-
nists and depicted the emerging role of the new 
orally active anticoagulants (NOACs) (2).
There are no formal surveys on thrombop-
hrophylaxis in this setting in Croatia, but an ad hoc 
survey among the members of the Croatian Ortho-
paedic Society during the 2016 annual assembly 
confirmed the common knowledge - the prevailing 
mode of thrombophrophylaxis related to THA/
TKA consists of a short-term peri-operative (up 
to several days after the surgery) use of LMWH 
(first dose before the surgery) with concomitant 

introduction of vitamin K antagonists (almost 
exclusively warfarin) and subsequent continuation 
of treatment with warfarin, and is driven by the po-
licy of the Croatian Health Insurance fund which 
reimburses only the “in-hospital” use of LMWH. 
However, ACCP has demonstrated (2) that even 
under the conditions of controlled clinical trials 
with extremely high rate of appropriate warfarin 
use (time in therapeutic range, TTR), i.e. with in-
ternational normalized ratio (INR) values between 
2.0 and 3.0 (targeted value 2.5%), >60%), this stra-
tegy was inferior to the exclusive use of LMWH as 
it resulted in several excess cases of VTE and 40 
excess cases of major bleeding/1000 treated. 
An observational study in the USA (2009-2011) 
included 596 THA/TKA patients treated with 
such an approach, who received warfarin over 
10-35 days and were monitored through speciali-
zed anticoagulation clinics at two university hos-
pitals (3). The average TTR was 36% and median 
time to the first INR within the target range was 
12-13 days. A similar study (4) embraced 3313 
THA/TKA patients (2005-2009). The median 
number of determined INR values over the 28-
35 post-surgical days per patient was 5 (excluded 
were the initial 5 days of “early titration”). The 
average TTR was 28%, only 33% of the deter-
mined INR values were within the range, avera-
ge proportion of time with INR <2.0 was 64%, 
and patients who did not experience a single INR 
value within the range had 5.3 times higher risk 
of symptomatic VTE (incidence of VTE in the 
cohort was 3.3%). Overall, data suggest that even 
with stringent monitoring and careful titration, 
warfarin does not seem to achieve the desired le-
vel of anticoagulant activity during the period of 
the highest VTE risk. 
Warfarin-based anticoagulation is specific in that 
it successfulness greatly depends on close moni-
toring. There are no specialized anticoagulation 
clinics in Croatia and no structured monitoring 
systems (e.g., registries) of long-term anticoagu-
lation e.g. in stroke prevention or VTE treatment/
prophylaxis. A recent study demonstrated a poor 
practice of warfarin-based anticoagulation in 
Croatian patients with atrial fibrillation schedu-
led for direct current cardioversion (5). The pre-
sent analysis aimed to evaluate anticoagulation 
adequacy in elective major orthopaedic surgery 
in a specialized Croatian hospital.
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PATIENTS AND METHODS

Study design

This retrospective analysis refers to a 2-year pe-
riod (January 1 2014 – December 31 2015) at 
the Department of Trauma Surgery,  University 
Hospital Centre “Sestre Milosrdnice”, Zagreb, 
Croatia in order to identify modes of venous 
thromboembolism (VTE) prophylaxis in patients 
undergoing elective major orthopaedic surgery 
(total hip or knee arthroplasty, THA/TKA). 
The study was approved by the Ethics Com-
mittee of the University Hospital Centre “Sestre 
Milosrdnice”, Zagreb, Croatia. 
Eligible for inclusion were consecutive patients 
who underwent primary elective THA/TKA. 

Methods

Two researches independently searched the hos-
pital electronic database system for the specific 
procedure codes matched with the unique patient 
identification numbers. Results were mutually re-
checked and verified through hard-copy archives. 
Demographic, comorbidity, co-medication data 
and data on peri-operative anticoagulation tre-
atment, as well as laboratory data on coagulation 
monitoring tests were extracted for a period of 15 
post-surgical days (Table 1). We restricted the ob-
servational period to the first 15 post-surgical days 
as this is the period of the highest risk for VTE.  

RESULTS

A total of 603 patients were enrolled, mostly su-
bjected to THA, 434 (72%) (Table 1). 

Apart from three patients with haemophilia, 
all underwent anticoagulation and received a 
pre-surgical and a post-surgical low molecular 
weight heparin (LMWH) dose (Figure 1). For 
228 (37.8%) patients anticoagulation did not 
include warfarin, however for 120 (19.9%) pa-
tients only short-term LMWH treatment could 
be verified without any information about further 
prophylaxis. Overall 103 (17.1%) patients re-
ceived LMWH prophylaxis during the observed 
period, and sporadic patients were treated with 
new orally active anticoagulants (NOACs) or 
LMWH, and acetylsalicylic acid. The majority of 
the patients, 372 (61.5%) underwent prophylaxis 
with LMWH switching to warfarin and contribu-
ted a total of 1218 INR values (median=3, range 
1-8 per patient). Almost 1/3 one third of the pa-
tients, 113 (30.4%) contributed only 1 or 2 INR 
values over the observed 15 days (Figure 1). 

Characteristic No (%) of patients
Total 603
Total hip / knee arthroplasty 434 (72) / 169
Age (range, years) 69 (20-97)
Males 273 (45.3)
Previous use of antiplatelet 76 (12.6)
Previous use of anticoagulants 33 (5.4)
History of pulmonary embolism 1 (0.2)
History of deep venous thrombosis 20 (3.3)
History of myocardial infarction or angina 23 (3.8)
History of transitory ischemic attack or stroke 10 (1.7)
Atrial fibrillation or flutter 25 (4.1)
Chronic heart failure 71 (11.8)
Venous insufficiency 50 (8.3)
Diabetes mellitus 71 (11.8)
Thrombocytopenia 6 (1.0)
Haemophilia 3 (0.5)

Table 1. Characteristics of patients who underwent elective 
major orthopaedic surgery (total hip or knee arthroplasty) Figure 1. Patient eligibility diagram. Histogram depicts distribu-

tion of patients (absolute counts and cumulative relative distri-
bution) across the number of contributed international normal-
ized ratio (INR) values
ASA, acetylsalicylic acid; LMWH, low molecular weight heparin; 
NOACs, new orally active anticoagulants 

Regardless of the treatment under which INR 
values were provided, over time they were con-
sistently below the target INR range. Conside-
ring the period between days 6-15 (after initial 
titration would be expected to be accomplished), 
92.7% out of 439 values taken in patients under 
LMWH + warfarin treatment were below the 
target as well as 74% out of 580 values taken in 
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patients already switched to warfarin, with only 
25% within the target range (Figure 2). 

DISCUSSION

Although conducted at a single centre and thus 
not representative for the entire country, the pre-
sent results confirmed three expectations. First, 
the initial use of LMWH with switching to war-
farin was the most predominant practice. Second, 
in the setting of major orthopaedic surgery there 
was no “centralized structured” monitoring of 
successfulness of anticoagulation: at the insti-
tution at which the surgery was indicated and 
performed, and at which the anticoagulation was 
initiated, only sparse data on a laboratory mar-
ker (i.e., INR in patients treated with warfarin) 
of its successfulness were recorded (30.4% pa-
tients contributed only 1 or 2 INR values over 
the observed period) and there were practically 
no records on the overall outcome (i.e., records 
of VTE/bleedings during the first month post-
surgery). Third, although TTR could not be de-
termined due to paucity of the international nor-
malized ratio (INR) values, data on percentage of 
values within the target INR range, particularly 
those taken between days 6 and 15 (after the “ini-
tial titration” period) strongly indicate the failu-
re of the procedure to achieve a known strongly 
predictive (for clinical outcomes) laboratory goal 
during the period of the highest VTE risk. While 
patients treated with both LMWH and warfarin 
could be considered “protected” (on the account 
of LMWH), the fact that 92.7% of their INR va-

lues were below the target clearly demonstrated 
that they were not fit to continue only warfarin 
treatment. On the other hand, the fact that 74% of 
the values taken in patients treated with warfarin 
were only below the target clearly documented 
excessive “under-protection” from the VTE risk.
In 2012 the American College of Chest Physicians 
(ACCP) clearly recommended the preference of 
pharmacological over mechanical (various forms) 
thromboprophylaxis in major orthopaedic surgery 
(except where the former were explicitly contra-
indicated) and strongly advised (based on rando-
mized controlled trial data) against the use of vi-
tamin K antagonists (e.g., warfarin) due to inferior 
balance between the VTE and bleeding risks as 
compared to LMWH (2). Observational data with 
stringent anticoagulation monitoring (3,4) demon-
strated that warfarin inherently did not seem to be 
appropriate for a setting in which a rapid onset of 
a relative short anticoagulation is needed (30 days 
overall, with the highest risk over first 15 post-sur-
gical days): median time to target INR has been 
estimated to equal the period of the highest risk 
(12-13 days) (3), time in therapeutic range over 
the first 30 post-surgical days has been repeated-
ly reported to be around 30% (3,4) with around 
30% of INR values within the range (4). The pre-
sent data are in line with these observations and 
actually indicate that the situation is even worse 
when there is no structured monitoring of the war-
farin effect. In one large cohort (3313 THA/TKA 
patients) treated with warfarin between post-sur-

Figure 2. International normalized ratio (INR) values in the subset of patients anticoagulated by the “LMWH-to-warfarin” treatment. 
Shaded areas indicate the target INR range. Individual values (circles) across the observed 15 days by treatment (left) and individual 
values at days 1-5 and 6-15 by treatment (right) with the absolute number (percentage) of values below, within and above the range
LMWH, low molecular weight heparin; Warf, warfarin

Kolundžić et al. Warfarin in orthopaedic thromboprophylaxis
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gical days 5-30 (4), the rate of symptomatic VTE 
was 3.3% - almost as if no anticoagulation was 
installed: the best estimate of the contemporary 
VTE risk without thromboprophylaxis is 4.6% 
(cumulatively over 30-35 days) and appropriate 
prophylaxis is expected to reduce it by 65-70%, 
relatively (2). Clearly, it is time to completely 
abandon the practice of warfarin use in this setting. 
In 2012, ACCP recommended the use of LMWH 
(during the entire period of the increased risk) (2). 
In the meantime, NOACs have emerged as a new 
valid option: three have gained regulatory appro-
val in this setting (dabigatran, rivaroxaban, apixa-
ban) and have demonstrated a comparable VTE/
bleeding risks balance as compared to LMWH 
(6,7) with a convenience of simpler oral dosing. 
Nowadays, therefore, the most adequate options 
for VTE prophylaxis in major orthopaedic surgery 
should be identified among LMWH and NOACs 
and should take into account not only populati-
on estimates of their efficacy and safety, but also 
individual pharmacological characteristics (e.g., 
pharmacokinetics, dependence on renal function) 
and co-morbidity (e.g. existing long-term antico-
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U tromboprofilaksi u bolesnika podvrgnutih elektivnim velikim 
ortopedskim zahvatima ne bi trebalo korisiti varfarin: iskustvo iz 
Hrvatske 
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SAŽETAK

Cilj Identificirati modalitete prevencije venskog tromboembolizma (VTE) u bolesnika podvrgnutih 
elektivnim velikim ortopedskim zahvatima (totalna artroplastika kuka ili koljena) u jednom sveučiliš-
nom medicinskom centru u Hrvatskoj. 

Metode Retrospektivna analiza podataka o uzastopnim bolesnicima, podvrgnutim totalnoj artroplastici 
kuka ili koljena, tijekom dvije godine (2014-2015), s fokusom na antikoagulacijsko liječenje tijekom 
prvih 15 postoperativnih dana (razdoblje najvišeg rizika za VTE).

Rezultati Od ukupno 603 bolesnika, troje (0.5%) nisu bili antikoagulirani (hemofilija), dok su ostali 
primili preoperativne doze niskomolekularnog heparina (LMWH). U ukupno 228 (37.8%) bolesnika 
antikoagulacijski tretman nije uključivao varfarin, dok su 372 bolesnika tretirana kratkotrajnom pri-
mjenom LMWH-a s prijelazom na varfarin. Tijekom promatranog razdoblja ukupno je izmjereno 1.218 
vrijednosti internacionalnog normaliziranog omjera (INR) (medijan=3, raspon= 1-8, po bolesniku). Vri-
jednosti su konzistentno bile ispod terapijskog INR-raspona. U razdoblju između šestog i petnaestog 
postoperativnog dana (nakon početne titracije), ukupno je izmjereno 438 INR-vrijednosti u bolesnika 
koji su primali i LMWH i varfarin, te je 92.7% njih bilo ispod terapijskog raspona, a samo 6.8% vrijed-
nosti bilo je u terapijskom rasponu. Istodobno, izmjereno je ukupno 580 INR-vrijednosti u bolesnika 
koji su već bili prebačeni na varfarin – 74% vrijednosti bilo je ispod, a samo 25% vrijednosti bilo je u 
terapijskom rasponu.

Zaključak Opaženi dominantni oblik VTE profilakse u izravnoj je suprotnosti s profesionalnim smjer-
nicama, s neadekvatnim nadzorom i nedostatnom antikoagulacijom. Nema razloga očekivati da je sta-
nje bitno drugačije u ostalim institucijama u zemlji. Taj predominantni oblik VTE profilakse u velikim 
ortopedskim zahvatima u Hrvatskoj treba što prije napustiti i uvesti postupke u skladu s trenutno važe-
ćim standardima dobre kliničke prakse.

Ključne riječi kuk, koljeno, artroplastika, venski tromboembolizam

Kolundžić et al. Warfarin in orthopaedic thromboprophylaxis
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ABSTRACT

Aim To evaluate biomechanical and clinical outcomes of a newly 
developed modification of the Wilson’s osteotomy for hallux val-
gus: a three-dimensional subcaptial correction of the metatarsal 
head position with a simultaneous lateral and plantar shift with 
derotation intended to reduce displacement of the distal fragment 
and shortening of the first metatarsal bone.

Methods Thirty four feet (28 female patients) underwent the new 
procedure and were evaluated before and 12 to 84 months (medi-
an=25.5) after the surgery.

Results Plantar shift of the distal fragment was achieved in all 
feet. Shortening of the first metatarsal was moderate: ≤6 mm in 
32/34 feet, 7 and 10 mm in the remaining two. Median differen-
ce in metatarsal index post- vs. pretreatment was -4.0. The hallux 
valgus angle, intermetatarsal and distal metatarsal articular angles 
were reduced in all feet. The American Orthopaedic Foot and An-
kle Society score improved in all feet (median increase= 51.5).

Conclusion The method allows for a lateral and plantar shift with 
derotation of the distal fragment and a mild/moderate shortening 
of the first metatarsal bone.

Key words: hallux valgus, surgery, metatarsal 
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INTRODUCTION

Hallux valgus is a common clinical problem (1-
4). More than 130 different surgical methods 
have been described for correction of hallux 
valgus since the first description of surgery of 
bunions in 1871, and osteotomies of the first 
metatarsal bone have been described in various 
ways and sites (5-10). However, there has been 
no compelling evidence of advantages of any of 
these methods over any other particular type of 
surgery (11).
Metatarsalgia is one of the late complications of 
osteotomy procedures caused by a shift of the fo-
refoot load distribution towards the lesser metatar-
sals, which is attributed to shortening of the first 
metatarsal and dorsal displacement of the distal 
fragment (5,6). Osteotomy of the first metatarsal 
bone as described by Wilson is an established pro-
cedure for the treatment of the adult hallux val-
gus. It is fast and easy to perform, and we have 
been using it for a number of years. A drawback 
of Wilson’s osteotomy is shortening of the first 
metatarsal bone (3). Here we describe and present 
the first results of a modified technique – a three-
dimensional subcapital correction of the metatar-
sal head position with a simultaneous lateral and 
plantar shift with derotation that we developed 
with the intention to prevent dorsal displacement 
of the distal fragment and to reduce shortening 
of the first metatarsal bone and its consequences, 
while keeping the procedure simple.

PATIENTS AND METHODS

Patients

The study included 34 feet in 28 consecutive 
female patients presented at the Department of 
Orthopaedic Surgery, University Hospital Cen-
tre Zagreb, in the period between January 2004 
and June 2007 who gave a written consent to be 
treated by the new method after being informed 
about the details of the procedure. Ethics Com-
mittee at the University Hospital Centre Zagreb 
approved the use of the method.
Surgical treatment was indicated when the 
following criteria were cumulatively met: hallux 
valgus angle >20 degrees, intermetatarsal angle 
>10 degrees, negative metatarsal index and pain 
due to pressure over the medial side of the first 
metatarsophalangeal joint. 

Methods

Operative procedure and postoperative care. 
All surgeries were performed by the same sur-
geon under spinal anaesthesia with a pneumatic 
high-thigh tourniquet. For the procedure, a short 
(3 to 5 cm) medial longitudinal skin incision was 
made over the head of the first metatarsal bone. 
The capsule was incised medially in a U fashion, 
with the capsule flap based distally. A bunion was 
removed using chisel. Oblique osteotomy of the 
metatarsal head was performed through the me-
taphysis using a thin 2.5 mm bade on air powered 
oscillator (Synthes, Switzerland). The osteotomy 
was made from the medial distal part of the bone 
towards the lateral proximal part, as seen in the 
horizontal plane, at an angle of 25 degrees on 
the line perpendicular to the metatarsal shaft (Fi-
gure 1). At the same time, in the sagittal plane, 
the osteotomy was made from the distal dorsal 
towards the proximal plantar part of the bone at 
an angle of 15 degrees (Figure 1A). Therefore, it 
allowed for a correction of the metatarsal head 
position with a simultaneous plantar shift (Figure 
1B) and the distal fragment could be rotated if 
necessary (Figure 1C).

Figure 1. First metatarsal bone osteotomy scheme in A) hori-
zontal and B) sagittal plane and C) the way of derotation. Dot-
ted lines represent diaphyseal lines, full lines represent oste-
otomy (Kolundžić R., 2004)

A)

B)
C)

The amount of shift was set as the width of a 
plantar cortex. Osteotomy angles were set ar-
bitrarily. The fragments were fixed using one 
Kirschner wire inserted from distal to proximal 
in a paraosteal position in relation to the hallux 
and the head of the first metatarsal and then into 
the dorsomedial part of the medullary canal of 
the first metatarsal bone, driven as far as the base 
of the first metatarsal for better stabilization (Fi-
gure 2). The head position and the osteotomy 
site checked and capsulorrhaphy was performed 
followed by a skin suture. Elastic bandage was 
applied. Three days postoperatively, the bandage 
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was removed and replaced by plaster boots with 
heels adjusted for walking that were used for the 
next five weeks. After the plaster boot removal, 
Kirschner wire was removed and range-of-mo-
vement (ROM) exercises of metatarsophalangeal 
joints commenced. Gradually, full weight bea-
ring was allowed after eight weeks.

hallux valgus angle, first intermetatarsal angle, 
metatarsal index, distal metatarsal articular an-
gle, position of the sesamoid bone and the amo-
unt of the sagittal shift (in millimeters) (only 
postoperatively). The axes of the first metatar-
sal, second metatarsal and the proximal phalanx 
were drawn by bisecting the diameters of their 
bases and joining the central points (12). Length 
of the first metatarsal on AP radiographs was de-
termined by measuring the first metatarsal axis 
from the base to the tip of the metatarsal head. 
Hallux valgus angle (HVA) and first intermeta-
tarsal angle (IMTA) were measured as described 
by Millner (13) and Schneider et al. (14,15). Me-
tatarsal index (MTI) is a measurement of relative 
metatarsal protrusion on AP radiographs. It was 
determined by measurements in arcs cantered on 
the transverse tarsal line as described by Hardy 
and Clapham (16). Distal metatarsal articular an-
gle (DMA) was measured as described by Gudas 
and Marcinko (17). The position of the sesamo-
id bone was classified into 4 levels according to 
Smith et al. (18). The amount of the sagittal shift 
was measured on lateral radiographs as a distance 
between 2 parallel lines, one drawn on the dorsal 
cortex of the proximal and the other drawn on the 
dorsal cortex of the distal fragment of first me-
tatarsal bone. For clinical evaluation, the status 
of the forefoot was assessed using the American 
Orthopaedic Foot and Ankle Society (AOFAS) 
classification, i.e. the Hallux Metatarsophalan-
gel-Interphalangeal Scale system (Table 1) (19).

Parameter Preopera-
tively

Postopera-
tively

Difference 
(95% CI)* p

Length of 1st metatarsal 
bone (mm)

64 
(55 to 70)

60
(52 to 66)

-4.0
(-4.5 to -3.0) <0.001

Hallux valgus angle 
(degrees)

35
(20 to 50)

15.5
(0 to 35)

-18.5
(-22.5 to -15) <0.001

Intermetatarsal angle 
(degrees)

15
(10 to 22)

5
(2 to 15)

-9.0
(-10 to -7.5) <0.001

Metatarsal index -2
(-6 to 4)

-4
(-10 to -1)

-4.0
(-4.5 to -3.0) <0.001

Distal metatarsal articu-
lar angle (degrees)

15
(1 to 30)

9
(1 to 25)

-6.0
(-8.5 to -3.0) <0.001

AOFAS score 44
(14 to 78)

95
(64 to 95)

51.5
(45.5 to 59.0) <0.001

Table  1. Preoperative and postoperative values (median, 
range) of radiological findings and of the American Orthopae-
dic Foot and Ankle Society (AOFAS) scores and differences 
between postoperative and preoperative (“post-pre”) values 
with 95% confidence intervals (CI) (N= 34)

*Median difference with two-sided p-value from the Wilcoxon 
signed ranks test

A)

Figure 2. A) Intra-operative photographs: oscillator used to 
perform the osteotomy (left), Kirschner wire in place, lateral 
view (middle), Kirschner wire in place, anteroposterior view 
(right); B) Schematic representation of postoperative cor-
rection with Kirschner wire in place in horizontal and sagittal 
plane (Kolundžić R., 2004) 

B)

Patient evaluation. All patients and feet were eva-
luated radiologically and clinically before and 
minimum 12 months after the treatment by the 
same observer. The technique used for securing 
standardized X-rays was anteroposterior, lateral 
and sesamoid skyline views. 
Anteroposterior (AP) weight bearing views were 
obtained with the patient standing on a shallow 
inverted wooden tray placed on the floor, just big 
enough to contain and protect the grid cassette, 
with feet 3 cm apart. With a source-to-film dis-
tance of 100 cm, the ray is directed 15 degrees 
backward, towards the hindfoot and is cante-
red midway between the navicular bones. Non-
weight bearing lateral oblique views were taken 
with the patient sitting on the standard couch 
with the foot rolled 15 degrees inward on a grid 
cassette placed on the floor. The beam is directed 
vertically at the centre of the cuboid from a sour-
ce positioned 100 cm away. For the radiological 
assessment, pre- and postoperative radiographs 
of the forefoot were scanned and analysed using 
custom-designed computer software (Delphi, 
Visual Pascal – Borland Software Corporation, 
Austin, Texas, USA). The following parameters 
were determined: length of the first metatarsal, 
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Statistical analysis

Individual data and summary statistics on pati-
ents’ demographics and pre- and postoperative 
radiological and clinical findings are presented. 
Differences between the postoperative and pre-
operative (“post – pre” difference) radiological 
parameters and clinical status scores are shown 
as median differences with the approximate 95% 
(exact 97.6%) confidence intervals (CI) calcula-
ted using the binomial method.  

RESULTS

Thirty-four feet in 28 patients were operated-on 
(median age at surgery 44 years, range 19 to 58) 
and were evaluated before surgery and after a me-
dian follow-up of 25.5 months (range 12 to 84) at 
median age of 46 years (range 20 to 60). The sa-
gittal shift of the first metatarsal was achieved in 
all feet and varied from 1-9 mm (median 3 mm). 
The first metatarsal was shorter after than before 
the operation in all feet with a median differen-
ce of -4 mm (Table 1), but the shortening never 
exceeded 10 mm. Distribution of feet regarding 
the shortening was: -1 mm, n=5; -2 mm, n=6; -3 
mm, n=4; -5 mm, n=7; -6 mm, n=6; -7 mm, n=1 
and -10 mm, n=1. The foot with a 10 mm (exce-
ssive) shortening of the first metatarsal (patient 
No. 14, foot No. 16) presented with an overall 
“fair” clinical status based on the AOFAS sco-
re at follow-up. It was painful with limitation of 
activities and motion restriction in the first meta-
tarsophalangeal joint (Figure 3A). At follow-up, 
the metatarsal index was lower than before the 
treatment in 31/34 feet and the median “post-pre” 
difference was -4.0 (Table 1). The hallux valgus 
angle and the intermetatarsal angle were reduced 
by the surgery in all feet, with median “post-pre” 
differences being -18.5 and -9 degrees, respec-

tively (Table 1). Typical pre-operative and post-
operative X-ray findings are depicted in Figure 
4. The AOFAS score illustrating clinical status 
was higher at follow-up than before treatment in 
all feet, with a median “post-pre” difference of 
51.5 points (Table 1). Clinical status level impro-
ved in 33/34 feet, most frequently from “poor” 
to “excellent” (Table 2). The clinical status was 
graded “fair” only for the mentioned foot with a 
10 mm shortening of the first metatarsal. In one 
foot for which the clinical status level remained 
“poor”, the AOFAS score improved from 49 to 
64 points. The “poor” result was due to metatar-

AOFAS clinical status Position of the sesamoid bone

Pre-
surgery n Post-sur-

gery n Pre-sur-
gery n Post-sur-

gery n

Poor 33 → Excellent 25 Severely 
rotated 15 → No rotation 4

→ Good 6 → Slightly 
rotated 10

→ Fair 1 → Moderately 
rotated 1

→ Poor 1 Moderately 
rotated 9 → No rotation 9

Fair 1 → Excellent 1 Slightly 
rotated 10 → Slightly 

rotated 8

→ No rotation 2
Total 34 34 34 34

Table 2. Pre- to post-surgical “transition” of the overall clini-
cal status and sesamoid bone position by foot (N= 34)

AOFAS, American Orthopaedic Foot and Ankle Society

Figure  4. A) X-ray of both feet under load before corrective 
osteotomy of the first metatarsal bone (Patient No. 11, feet 
11 and 12); B) X-ray of both feet under load 5 years postop-
eratively (Patient No. 11, feet 11 and 12) (both feet left, right 
left feet right above, right feet right below) (Kolundžić R., 2011)

A)

B)

Figure 3. Postoperative complication: A) excessive shorten-
ing of the first metatarsal bone (Patient No. 14, foot No. 16), 
B) metatarsal head dislocation (Patient No. 22, foot No. 26) 
(Kolundžić R., 2008)

A)

B)

Kolundžić et al. Modified Wilson’s osteotomy
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sal head dislocation followed by a malunion (pa-
tient No. 22, foot No. 26) (Figure 3B). 
There were no infections and no nonunions at 
the osteotomy site. We observed delayed union 
in one patient. Superficial skin irritation by the 
Kirschner wire occurred in one foot. A variable 
level of derotation of the sesamoid bone was 
achieved in all feet (Table 2).

DISCUSSION

A number of techniques (with a variety of modifi-
cations) are available for surgical treatment of the 
adult hallux valgus, but it appears that there is no 
equivocal evidence of advantages of any of these 
methods over any other particular type of surgery 
(11). Metatarsalgia and calluses are apparently the 
major late complications of surgical procedures and 
are due to a shift of the forefoot load distribution 
towards the lesser metatarsals, which is attributed 
to shortening of the first metatarsal and dorsal dis-
placement of the distal fragment (5-11, 20). Merkel 
has suggested that the first metatarsal shortening 
greater than 10 mm is likely to result in a higher 
degree of patients’ dissatisfaction and an increased 
frequency of metatarsalgia (20). Wilson’s osteo-
tomy is an established procedure for treatment of 
the adult hallux valgus. It is fast and easy to perform 
and we have been using it routinely for a number 
of years. It does, however, result in a shortening of 
the first metatarsal (13, 21-25). We have developed 
a simple modified technique that includes a three-
dimensional subcapital correction of the metatarsal 
head position with a simultaneous plantar shift in-
tended to prevent dorsal displacement of the dis-
tal fragment and to compensate for the metatarsal 
shortening. Magnan and Pezze described a similar 
percutaneous technique (26). Their method allows 
for a good lateral displacement of the first meta-
tarsal head but does not allow for a plantar shift of 
the distal fragment. Xarchas et al. have described a 
similar method of the lateral and plantar shifting, 
but without the derotation of the head of the meta-
tarsal bone (8). They also use a K-wire for fixation, 
but so that the wire is placed through the head of 
the metatarsal bone into the diaphysis. The advan-
tage of our technique is that we place the K-wire 
in parallel with the proximal phalanx and over the 
surface after the bunionectomy. Furthermore, with 
the derotation of the head of the metatarsal bone we 
achieve additional balancing of the muscules and 

of the ligamentous-sesamoide complex. The pre-
sent data suggest that our open osteotomy indeed 
allows for a plantar shift and the amount of the first 
metatarsal shortening achieved in the present seri-
es could be considered moderate – it was ≤6 mm 
in 32/34 feet (7 mm and 10 mm in the remaining 
two), with a median shortening of 4 mm. Mađare-
vic et al. reported a mean shortening of 5.5 mm in 
28 feet treated by the standard Wilson’s procedure 
(24). A similar mean shortening (5.1 mm, range 1 
to 11.5 mm) with this method (but with a reduced 
osteotomy angle) was reported for a series of 46 
feet by Yildrim et al. (25). Klosok et al. (23) repor-
ted an average 10 mm (range 6 to 20 mm) shorte-
ning in a series of 37 feet, whereas Klareskov et 
al. (22) reported a mean shortening of 8 mm in a 
77-feet series and Pouliart et al. (27) reported a 8.5 
mm mean shortening in a 32-feet series. Grace at 
al. (21) summarized three older studies on Wilson’s 
osteotomy (published prior to 1981) and calculated 
an overall mean shortening of 7.8 mm for a total 
of 118 feet. 
Taking into account the mentioned published data 
that refer to a total of 338 feet, an n-weighted mean 
shortening of 7.6 mm could be calculated. An 
approximate comparison to the median shortening 
of 4 mm reported in the present series (the mean 
value was 3.97 mm) suggests that the described 
method apparently achieved its main purpose of 
reducing the first metatarsal shortening. The met-
hod also appears to perform well in respect to stan-
dard clinical (AOFAS score and clinical status) 
and other radiological (relevant angles) criteria. A 
single “poor” result according to AOFAS score in 
one patient was due to metatarsal head dislocation 
followed by a malunion, whilst a single “fair” re-
sult according to AOFAS score in another patient 
was due to excessive (10 mm) shortening of the 
first metatarsal bone. However, whether or not this 
method indeed confers radiological (primarily the 
first metatarsal shortening) and clinical benefits 
(reduced incidence and/or severity of metatarsal-
gia) over other established methods is yet to be 
evaluated in prospective randomized trials.
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Hrvatska modifikacija Wilsonove osteotomije za liječenje haluks 
valgusa u odraslih: rotatorna kosa trodimenzionalna osteotomija 
u svrhu prevencije dorazlnog pomaka distalnog ulomka i 
skraćenja prve metatarzalne kosti
Robert Kolundžić1,5, Mladen Mađarević2, Vladimir Trkulja3, Tomislav Crnković4,5, Igor Šmigovec2, Daniel 
Matek2
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SAŽETAK

Cilj Procijeniti biomehaničke i kliničke rezultate nove modifikacije Wilsonove osteotomije za liječenja 
haluks valgusa: trodimenzionalne subkapitalne korekcije položaja glave prve metatarzalne kosti s isto-
dobnim lateralnim i plantarnim pomakom s derotacijom u svrhu prevencije pomaka distalnog ulomka i 
skrećenja prve metatarzalne kosti.

Metode Novom su metodom operirana 34 stopala u 28 žena, a evaluirana su prije operacije i 12 do 84 
mjeseca nakon operacije (medijan=25.5 tjedana).

Rezultati Plantarni pomak distalnog fragmenta ostvaren je u svim stopalima pri čemu je skraćenje prve 
metatarzalne kosti bilo umjereno: ≤6 mm u 32/34 stopala i 7 i 10 mm u preostala dva. Medijan-razlika 
metatarzalnog indeksa, nakon zahvata u odnosu na stanje prije zahvata, iznosio je -4.0. Kut haluks 
valgusa, intermetatarzalni kut i kut distalnog metatarzalnog zgloba smanjeni su u svim stopalima. Skor 
Američkog društva za stopalo i skočni zglob povećan je u svim stupalima (medijan povećanja=51.5).

Zaključak Metoda omogućuje plantarni i lateralni pomak distalnog ulomka, uz derotaciju i blago do 
umjereno skraćenje prve metatarzalne kosti.

Ključne riječi haluks valgus, operacija, metatarzalna kost
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ORIGINAL ARTICLE

ABSTRACT

Aim To investigate total homocysteine (tHcy) serum concentrati-
on in patients with probable vascular dementia (VD) and in age-
matched controls, as well as to determine an association between 
tHcy serum concentration and cognitive impairment in patients 
with probable VD. 

Methods Serum concentration of tHcy was determined by the 
Fluorescence Polarization Immunoassay on the AxSYM System. 
Cognitive impairment was tested by the Mini Mental Status Exa-
mination (MMSE) score. Body mass index (BMI) was calculated 
for each subject included in the study. 

Results Age, systolic, diastolic blood pressure and BMI did not 
differ significantly between the two groups. Mean serum tHcy 
concentration in the control group of subjects was 13.35 µmol/L, 
while in patients with probable VD it was significantly higher, 
19.45 µmol/L (p=0.002). A negative but insignificant association 
between serum tHcy concentration and cognitive impairment in 
patients with probable VD was found.

Conclusion Increased tHcy concentration in patients with proba-
ble VD suggests the possible independent role of Hcy in the pat-
hogenesis of VD.

Key words: neurotoxicity, cognitive impairment, Mini-Mental 
State Examination



Medicinski Glasnik, Volume 14, Number 2, August 2017

258

INTRODUCTION

Vascular dementia represents a clinical syndro-
me that includes a wide spectrum of cognitive 
dysfunctions resulting from brain tissue death 
due to ischemia caused by vascular disease (1). 
Homocysteine (Hcy) is a thiol-containing amino 
acid involved in the cycle of methionine as the 
demethylation product of methionine and in the 
transsulfuration pathway (1,2). Hyperhomocyste-
inemia, or increased serum concentration of total 
homocystein (tHcy) is a risk factor for cardiovas-
cular disease and seems to be an independent risk 
factor for dementia (1,2). 
Hyperhomocysteinemia is associated with relati-
ve deficiencies of folate, vitamins B6 and B12, as 
well as with older age, male sex, estrogen deficit, 
renal insufficiency and also with use od different 
substances like caffeine, dopamine or anticonvul-
sant drugs (2).
Elevated homocysteine levels can increase oxida-
tive stress and cause endothelial cell dysfunction, 
smooth muscle cell proliferation and impaired fi-
brinolysis (2,3). While this could be a contributory 
factor, data from several incidence studies show 
that levels in normal elderly people prognosticate 
the occurrence of stroke and dementia (2-4). More-
over, it is possible that deficiency of vitamin B12 or 
folic acid could result in metabolic derangements 
other than hyperhomocysteinemia (2-4). Thus, 
hyperhomocysteinemia should, at the present time, 
be regarded only as an indicator of susceptibility to 
disease, and therapies that could reduce Hcy levels 
are not guaranteed to reduce the risk and incidence 
of either strokes or dementia (5).
Homocysteine promotes changes associated with 
atherosclerosis but the pathological mechanisms 
triggered by Hcy accumulation are poorly under-
stood (6). The effect of atherosclerosis on demen-
tia has also been attributed to its relation to cere-
bral infarction or to systemic or local factors that 
underlie both atherosclerosis and cognition (7).
Several studies have shown significantly higher 
serum Hcy concnentration in patients with VD 
compared to control subjects (8). Studies have 
shown a correlation between low folic acid and 
high Hcy levels with cognitive functions in vas-
cular dementia and AD, which is consistent with 
the idea of secondary elevation of total Hcy in 
demented people. (9).
The aim of this study was to investigate serum 
tHcy concentration in patients with probable VD 

with age-matched controls. We also aimed to de-
termine whether there is an association between 
serum tHcy concentrations and cognitive impair-
ment tested by Mini Mental Status Examination 
(MMSE) score at patients with probable VD.

PATIENTS AND METHODS

Patients and study design

The study was designed as a cross-sectional 
study which included 20 patients (17 females and 
3 males) with probable VD aged 65 years old and 
more, institutionalized at the specialized unit at 
the Health-Care Hospice for persons with dis-
abilities in Sarajevo, Bosnia and Herzegovina. 
Furthermore, in this study 19 community-dwell-
ing, age-matched apparently healthy controls 
without dementia were included. 
For both groups of subjects, exclusion criteria 
were positive medical history of chronic inflam-
matory diseases (asthma and rheumatoid arthri-
tis), thyroid disease, hepatic and renal insuffi-
ciency or cancer. 
An approval for the study was obtained by the Et-
hics Committee of Clinical Centre, University of 
Sarajevo. All procedures on human subjects were 
performed according to the Declaration of Helsin-
ki, 1975. Written informed consent was obtained 
from all participating subjects and caregivers. 

Methods

Probable vascular dementia was clinically dia-
gnosed by standardized clinical examination con-
ducted by a specialist neurologist and psychia-
trist by the NINDS-AIREN criteria (10).
Global cognitive function was tested with the 
MMSE test which has been used for rapid screen-
ing of those with cognitive and/or intellectual 
deficit (11). The test evaluates orientation, short 
term memory, serial subtraction, constructional 
capacities and use of language. The total score 
was 30, where the score of 24 was considered 
abnormal, and the score less than 17 was con-
sidered as dementia. All patients with probable 
VD had a score ≤ 12 while subjects in the control 
group had a score from 26 to 30. 
The Hachinski ischemic score (HIS) differenti-
ates patients with VD from those with AD (12). 
The original scale consists of 13 items where 
each scale item represents a specific clinical 
event which has a certain numeric value. A score 
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less or equal 4 means Alzheimer’s dementia, 4-7 
indicates mixed dementia, and a total score of ≥7 
refers to vascular dementia. Patients in this study 
with probable VD had a score ≥7.
Non-fasting blood samples were drawn from the 
antecubital vein into siliconized tubes. After veni-
puncture, blood samples were put on ice. The me-
dian time between venipuncture and centrifugati-
on was 50 min (interquartile range: 30-70 min). 
Serum samples were stored at or below -20 ºC. 
Serum tHcy concentration was measured by 
using a fluorescence polarization immunoassay 
on the AxSYM System at the Institute for Che-
mistry and Biochemistry, Clinical Centre of the 
University of Sarajevo (13). The reference inter-
val for tHcy concentration with the use of this 
method was from 3.36 to 20.44 µmol/L.
Body Mass Index (BMI) for all participants was 
calculated as weight (kg) divided by the square of 
height in meters (m2). Height was measured with 
stadiometer and body weight was measured with 
the use of Toledo self-zeroing weight scale. 
Trained staff measured blood pressure using a 
mercury sphygmomanometer on the right arm 
after a 5 minute rest. 

Statistical analysis

Data were presented as mean ± SEM. Data distri-
bution was determined using the Shapiro-Wilk test. 
Data were statistically analyzed by using Student’s 
t test. Additionally, Pearson correlations were used 
as measures of association for the continuous va-
riables. Statistical significance was set at p<0.05.

RESULTS

No differences emerged in age, systolic and dia-
stolic blood pressure between the groups. No 
difference in BMI was found between the two 
groups. Subjects with probable VD had statisti-
cally significantly lower MMSE scores compared 
with the control group (p<0,001) (Table 1).
Mean serum tHcy concentration in the control 
group was 13.35 µmol/L, while in patients with 
probable VD the mean serum tHcy concentration 
was significantly higher, 19.45 µmol/L (p=0,002) 
(Figure 1).
A negative but insignificant correlation was noted 
between tHcy concentration and MMSE score in 
patients with probable VD (r=-0,05). 

Variables Patients with probable vascular 
dementia Controls

Age (years) 76,9±1,4 77,8±1,1
SBP (mmHg) 132,0±6,6 130,5±4,4
DBP (mmHg) 80,0±3,4 81,3±1,9
BMI (kg/m2) 23.9±0,5 25,6±0,8
MMSE score 8,0±1,3† 27,6±0,3

Table 1. Baseline characteristics of patients with probable 
vascular dementia and the control group*

*Data are presented as mean ± S.E.M.; †p<0,001; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; BMI, body mass index; 
MMSE, Mini Mental State Examination;

Figure 1. Mean serum total homocysteine concentration (tHcy) 
in the control group (CG) and in patients with probable vascu-
lar dementia (VD)  
Data are presented as mean ± S.E.M.

DISCUSSION

Previous cross-sectional studies have found ele-
vated Hcy levels in patients with VD (8,14,15). 
It is believed that there are several mechanisms 
between increased Hcy levels and the occurren-
ce of VD. One of them explains that homocyste-
ine has a direct neurotoxic effect which play a 
significant role in the etiology of VD and is also 
associated with cerebrovascular disease (14). 
More recently, observational studies have begun 
to link high concentrations of homocysteine to 
Alzheimer`s disease and other dementias (15). 
The main finding of this study is a significantly 
higher serum tHcy concentration in patients with 
probable VD compared with the control group. 
Our observations are consistent with those of 
Malaguarnera et al. who also found elevated se-
rum concentration levels of Hcy in patients with 
VD compared with the control group of subjects 
(8). Follin et al. showed a significant increase in 
plasma Hcy levels in patients with AD and VD 
compared with controls. These results showed 
that the VD group had the highest levels and  also 
elevated Hcy levels showed a great involvement 
in dementia (16). Several studies also reported 
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that persons with elevated serum homocysteine 
concentrations have a significantly greater risk 
of developing dementia than the persons without 
elevated homocysteine (17,18), but the results 
have not been entirely consistent (19). It is uncle-
ar whether low concentrations of vitamin B-12 or 
folate acid were responsible for the greater risk of 
dementia or elevated serum homocysteine con-
centrations in those studies.  Haan et al. reported 
significant associations of dementia or cognitive 
impairment with elevated plasma homocysteine 
concentrations in a 4.5-year follow-up of a cohort 
study, conducted after the introduction of manda-
tory folic acid fortification in the United States 
of 1779 Mexican Americans aged 60 years (20). 
While there is a strong correlation between hyper-
homocysteinemia on one side and cerebrovascu-
lar disease and dementia on the other, a correla-
tion should never be taken to indicate causation 
(2,3,21). Homocysteine itself is thought to be toxic 
to blood vessels and can be shown in vitro to cau-
se excitotoxic damage like high levels of gluta-
mate (2,3,21). Oxidative stress can be one of the 
mechanism involved in endothelial dysfunction. 
Therefore, oxidative stress could affect endotheli-
al cells in large vessels (e.g. the carotid arteries) or 
smaller-caliber arterioles (such as penetrating blo-
od vessels in the brain) resulting in local thrombo-
sis and cerebral ischemia (2,3,21). 
Kloppenborg et al. (22) found that patients with 
symptomatic atherosclerotic disease and higher 
homocysteine levels are associated with higher 
presence of lacunar infarcts and slightly worse 
cognitive function. The same statement about 
high level of plasma homocysteine as an inde-
pendent risk factor for cerebral large-artery athe-
rosclerosis was also reported by Wang at al. (23).
Alternatively, large vessel intracranial atheros-
clerosis could be a marker for dysfunction of 

small cerebral vessels and their endothelium that 
might be the proximate cause of cognitive deteri-
oration, either through disruption of the commu-
nication between neurons and blood vessels (the 
neurovascular unit) that underlies activity indu-
ced vasodilatation, or through disruption of the 
blood-brain barrier (7).
A Swedish study involving patients with early 
(EOAD) and late (LOAD) onset of AD showed 
that there was no difference in tHcy or its deter-
minants between the EOAD group and age- and 
sex-matched controls. In contrast, patients with 
VD or mixed AD/VD showed increased tHcy. 
Total Hcy was also elevated in patients with 
LOAD and a history of cerebrovascular disease 
(CVD) compared with both AD patients without 
history of CVD and with controls. These findings 
suggest that elevated tHcy contributes to demen-
tia mainly through vascular mechanisms (24).
When interpreting our results a number of limi-
tations should be considered. A limitation of the 
study was a small sample size. As we analyzed 
cross sectional data our study did not demonstra-
te a causal relationship. Increased Hcy concen-
tration in patients with probable VD observed in 
our study suggest a possible role for Hcy in the 
pathogenesis of this disease. These findings im-
ply that the serum Hcy level may be a potential 
biomarker in the diagnosis of vascular dementia. 
Further studies are needed to establish that ele-
vated homocysteine is a risk or a consequence of 
VD as well as evaluate the potential biomarkers 
role of homocysteine in this disease.
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SAŽETAK

Cilj Ispitati koncentraciju ukupnog homocisteina (tHcy) u serumu pacijenata s mogućom vaskularnom 
demencijom (VD) i kod ispitanika kontrolne grupe, te utvditi povezanost između nivoa tHcy i kognitiv-
nog oštećenja kod pacijenata s mogućom VD-om. 
Metode Serumska koncentracija tHcy određivana je metodom fluorescentno-polarizacijskog imunoe-
seja na AxSYM sistemu. Kognitivno oštećenje je testirano skorom minimentalnog statusa (MMSE). 
Indeks tjelesne mase (ITM) izračunat je za svakog ispitanika uključenog u studiju. 
Rezultati Starosna dob, sistolni i dijastolni krvni pritisak i ITM nisu se značajno razlikovale između 
dvije ispitivane grupe. Prosječna koncentracija tHcy u kontrolnoj grupi iznosila je 13.35 µmol/L, dok 
je u grupi pacijenata s mogućim VD-om bila signifikantno viša i iznosila je 19.45 µmol/L (p=0.002). 
Utvrđena je negativna, ali ne signifikantna povezanost između serumske koncentracije tHcy i kognitiv-
nog oštećenja kod pacijenata s mogućim VD-om. 
Zaključak Povećan nivo tHcy kod pacijenata s mogućim VD-om sugeriše na moguću nezavisnu ulogu 
Hcy u patogenezi VD-a.
Ključne riječi: neurotoksičnost, kognitivno oštećenje, minimentalni status

Alajbegović et al. Serum Hcy level in patients with probable VD
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ABSTRACT 

Aim To investigate an impact of various biological, psychological 
and social factors on perpetration of criminal offences by persons 
with mental disorders and to examine legal requirements for pla-
cement of persons with mental disorders, who committed criminal 
offences.

Methods This retrospective, descriptive study based on the 
analysis of data collected from records of the Zenica Penitentiary, 
Forensic Department (age, qualifications, employment status, 
marital status, mental disorders, information related to earlier tre-
atments, type of committed criminal offense, duration of the se-
curity measure of mandatory psychiatric treatment and custody) 
included 154 examinees.

Results The study included 154 male examinees. An average 
age of the examinees was 34 years. An average duration spent at 
the Forensic Department was 3 years, murder was committed by 
68 (44.15%) examinees, and 34 (22.07%) examinees committed 
attempted murder. Eighty-five (55. 19 %) examinees suffered 
from schizophrenia, 30 (19.48%) had delusional disorder, and 19 
(12.33%) had mental retardation.

Conclusion The highest number of committed crimes was in 
correlation with schizophrenia, (the highest number of examinees 
suffered from schizophrenia). It is necessary to work on the esta-
blishment of a forensic hospital in the territory of the Federation 
of Bosnia and Herzegovina in order to create good conditions for 
rehabilitation of patients with mental disorders who committed 
criminal offences.

Key words: schizophrenia, accountability, murder
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INTRODUCTION

The World Health Organization describes mental 
health as a state of wellbeing in which every indi-
vidual realizes his or her own potential, can cope 
with the normal stress of life, can work producti-
vely and fruitfully, and is able to contribute to his 
or her community. From this positive standpoint 
mental health is a basis for human wellbeing and 
efficient functioning of individuals and a commu-
nity (1). Experts from the field of mental health 
have been trying to define normal and abnormal 
behaviour. Although there is often a very thin 
line between normal and abnormal behaviour, 
over time some consensus has been reached on 
what is abnormal behaviour and experience, and 
it is contained in modern diagnostic guidelines, 
Diagnostic and Statistical Manual of Mental Dis-
orders (DSM 5) (2)  and International Classifica-
tion of Diseases and Causes of Death (ICD -10) 
in the form of diagnostic criteria of mental disor-
ders (2,3). According to ICD-10 mental disorders 
are placed in the group F from F00 to F99 (3). 
There is a question when a person is mentally in-
capacitated or with reduced mental capacity. 
‘’A mentally incapable person is the one who, at 
the time of perpetrating the criminal office, was in-
capable of comprehending the significance of his 
acts or controlling his conduct due to a permanent 
or temporary mental disease, temporary mental 
disorder or retardation (mental incapacity)’’ (4). 
If the capacity of a perpetrator to comprehend the 
significance of his act and his ability to control 
his conduct were considerably diminished due to 
any of the mental conditions referred to in para-
graph 1 of Criminal Code (CC) of the Federation 
of Bosnia and Herzegovina (FB&H), he may be 
punished less severely (considerably diminished 
mental capacity) (4). If a perpetrator committed 
an unlawful act in the state of mental incapacity 
there are conditions stipulated by the law to place 
him by coercion in a medical institution (5). 
In FB&H there is no adequate medical institution 
for placement, treatment, resocialization and re-
habilitation of persons who committed a criminal 
offence in the state of mental incapacity due to 
permanent or temporary mental disorder or men-
tal retardation. Such persons are placed at the Fo-
rensic Department of the Penitentiary in Zenica 
in order to serve their security measures of com-

pulsory psychiatric treatment and custody. From 
the professional, psychiatric, ethical and legal as-
pect, their placement in the Forensic Department 
of the Penitentiary Facility in Zenica rather than 
a medical institution is of great concern. 
There are high levels of stigma and discriminati-
on reported by persons with mental disorders (6). 
Stigmatization prevents natural resocialization of 
persons with mental retardation, which affects 
the course of a therapeutic process (7). Forensic 
psychiatry is applied psychiatry for legal pur-
poses (8). In the field of criminal law forensic 
mental health is a wider area, which involves the 
assessment and treatment of persons with men-
tal disorders, whose behaviour resulted or co-
uld have resulted in the perpetration of criminal 
offences (8). A research conducted in the USA 
has discovered that 95% of the public believe 
that a legal intervention could prevent expected 
damage if it were anticipated that a person with 
mental disorder could be violent towards other 
persons (9). Having been discharged from hospi-
tal, 18.7% of patients with mental disorders com-
mitted at least one violent act within the first 20 
weeks after discharge (10). The Law on Mental 
Health clearly stipulates that custody in a hos-
pital needs to be therapeutic, or “in the interest 
of protection of health, security or protection of 
others” and that civil rights of individuals must 
not be violated (11). The research has shown that 
there is 5% of persons suffering from schizophre-
nia among those convicted of murder (12).
The aim of the study was to examine an impact 
of different biological, psychological and social 
factors to the perpetration of criminal offences by 
persons with mental disorders and examine legal 
conditions for placement of persons with mental 
disorders who committed a criminal offence. The 
purpose of the study was to underline the legality 
of placement of persons with mental disorders in 
the institution where they are placed.  

EXAMINEES AND METHODS

Design and study sample

In this retrospective and descriptive study, data 
gathered from protocols of the Forensic De-
partment of the Penitentiary in Zenica, FB&H, 
were analysed. The study included a period 
from the establishment of the Forensic Depar-
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tment in 1996 until 2015. The study included 
a total number of 154 examinees placed at the 
Forensic Department of the Zenica Penitentiary 
to serve their security measures of compulsory 
psychiatric treatment and custody, but also tho-
se who served their imprisonment sentences. 
All examinees were males as the Penitentiary in 
Zenica admits only male perpetrators of crimi-
nal offences. According to the current data of the 
Forensic Department, out of the total number of 
examinees who served their security measures 
of compulsory psychiatric treatment, there were 
18 persons with mental or psychiatric disorders, 
who are defined by Article 3 paragraph 1 and pa-
ragraph 2 of the Law on Protection of Persons 
with Mental Disorders in the FB&H as “mentally 
ill person with a mental disorder, a person with 
insufficient mental development, alcohol or drug 
addict or persons with other mental disorders” 
and ‘’a person with serious mental disorders is 
a person with such mental disorders that prevent 
him from comprehending significance of his acts 
or is not able to control his will or his abilities are 
reduced to the extent that he/she needs psychia-
tric assistance”, respectively (13).
Data collected for the purpose of the analysis 
included the examinees’ age, place of residence, 
property or financial status, qualifications, pro-
fessional experience, marital status and family 
environment, socio-pathological aspects such as 
alcoholism and other forms of toxic mania, dia-
gnoses of diseases or mental disorders, data on 
past medical treatments, information on indivi-
dual characteristics and personality, type of com-
mitted crime, duration of the measure of com-
pulsory psychiatric treatment and custody. 
An approval for the study was obtained from Ze-
nica Penitentiary. 

Statistical analysis

Methods of descriptive statistics, ANOVA test, 
χ2 test were used for the analysis of the data: age, 
education level, marital status, employment sta-
tus, type of criminal offence broken down by 
age, type of criminal offence broken down by 
qualifications of a perpetrator, duration of the 
security measure, number of murders and at-
tempted murders.   
The p<0.05 was considered as statistically si-
gnificant.

RESULTS 

The study included 154 examinees placed at the 
Forensic Department of the Penitentiary in Zeni-
ca. All the examinees were males. The examinees 
were mostly in the age groups of 30-39 and 20-
29 years of age, 53 (32%) and 49 (30%), respec-
tively. Majority of the examinees had secondary 
school degree, 67 (43.50%), and primary school, 
49 (31.81%), followed by the examinees without 
primary education, 19 (12.33%). As far as the 
employment is concerned, most examinees were 
unemployed, 87 (56.49%), followed by the reti-
rees, 38 (24.67%), and 16 (10.38%) examinees 
were employed. There were 61 (39.61%) single 
persons, 35 (22.72%) divorced and 34 (22.07%) 
examinees were married (Table 1). 

Characteristic No (%) of examinees
Age (years)
Under 19 4 (2.59)
20-29 49 (31.81)
30-39 53 (34.41)
40-49 34 (22.07)
50-59 16 (10.38)
60-69 9 (5.84)
Total 154 (100)
Education 
No qualifications 19 (12.33)
Primary school 49 (31.81)
Secondary school 67 (43.50)
College 0
University 3 (1.94)
Student 1 (0.64)
Unknown 12 (7.79)
Total 154 (100)
Employment status  
Employed 16 (10.38)
Unemployed 87 (56.49)
Pensioner 38 (24.67)
Student 1 (0.64)
Unknown 12 (7.79) 
Total 154 (100)
Marital status
Married 34 (22.07)
Single 61 (39.61)
Divorced 35 (22.72)
Widower because of wife’s murder 13 (8.44)
Unknown 11 (7.14)
Total 154 (100)

Table 1. Demographic characteristics of examinees

Of 154 examinees 85 (55. 19 %) were diagno-
sed with schizophrenia, 30 (19.48%) had the di-
agnosis of delusional disorder, 31 (20.12%) had 
the diagnosis of specific personality disorder, 19 
(12.33%) were diagnosed with mental retarda-
tion, 10 (6.49%) with persistent delusional dis-
order, four (2.59%) examinees had the diagno-
sis of acute brief psychotic disorder, four had a 
manic episode, three (1.94%) had the diagnosis 
of PTSD and one (0.64%) examinee had the di-
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agnosis of a depressive episode and one had dis-
sociative disorder (Ganser syndrome) (specific 
developmental speech disorder).  
Ninety-four (62%) examinees had one diagnosis, 
43 (29%) examinees had two diagnoses and 13 
(9%) had more than two diagnoses. 
Of the total number of examinees, 54 (33%) abu-
sed alcohol, 13 (8%) examinees consumed drugs 
and 97 (59%) did not abuse either alcohol or drugs. 
Of the total of 109 criminal offences against life 
and body, 68 (62%) examinees committed mur-
ders, 34 (31%) attempted murder, and seven (7%) 
examinees inflicted serious bodily injuries to the-
ir victims. Of 68 murders in total, 37 (54.41%) 
were committed against family members and 31 
(45.58%) against other persons. Attempted mur-
der was noted in 34 cases, of which 13 (38%) 
were against family members, while 21 (61.76%) 
were against other persons (Table 2).

(19.62%), 41 (38.31%) and 26 (24.29), cases, res-
pectively, (p=0.052) against property (total of 50) 
in 20 (40%), 11 (22%) and 10 (20%), respectively, 
and against public health order and legal transac-
tions (total of 36) in nine (25%), 10 (27.77%) and 
10 (27.77%), respectively (Table 3).
The highest number of the examinees, 30 
(19.48%), were pronounced the measure of man-
datory psychiatric treatment and custody in the 
period between six months and one year, as well 
as one to two years (Table 4). 

Murders and attempted 
murders against

No (%) of 
murders

No (%) of attempted 
murders

Mother 8 (11.76) 2 (5.88)
Father 6 (8.83) 0
Wife 14 (20.58) 6 (17.66)
Other family members 9 (13.23) 5  (14.7)
Other persons 31 (45.58) 21 (61.76)
Total 68 (100) 34  (100)

Table 2 . Distribution of 102 murders and attempted murders ac-
cording to persons against whom such crimes were committed

Criminal offence against No (%) of examinees in age group (years)

˂19 20-29 30-39 40-49 50-59 60-69 Total p
life and body 1 (0.93) 21 (19.62) 41 (38.31) 26 (24.29) 9 (8.41) 9 (8.41) 107 (46.32) 0.052
freedom and rights* 3 (33.33) 1 (11.11) 3 (33.33) 2 (22.22) 9 (3.98)
against marriage, family and youth† 3 (100) 3 (1.29)
people’s health‡ 1 (50) 1 (50) 2 (0.86)
sexual freedom and morality§ 2 (50) 2 (50) 4 (1.24)
property¶ 5 (10) 20 (40) 11 (22) 10 (20) 4 (8) 50 (21.64)
environment, agriculture and natural resources# 1 (100) 1 (0.43)
public safety of persons and property** 6 (31.57) 1 (5.26) 9 (47.36) 2 (10.52) 1 (5.26) 19 (8.22)
public order and legal transactions†† 2 (5.55) 9 (25) 10 (27.77) 10 (27.77) 2 (5.55) 3 (8.33) 36 (15.58)
TOTAL 8 (3.46) 65 (28.13) 65 (28.13) 58 (25.10) 20 (8.65) 15 (6.49) 231 (100)

Table 3.  Distribution of examinees according to the type of the criminal offence broken down by age

*six (66.66%) were related to endangering security and three (33.33%) to infringing inviolability of dwelling; †all were related to abduction of a 
child; ‡both were related to unauthorized production and sale of narcotic drugs; §all were related to rape; ¶11 (21%) were thefts, 22 (43%) were 
aggravated thefts, 3 (6%) were robberies, 7 (14%) were aggravated robbery, 1 (2%) was embezzlement and 7 (14%) were criminal offences of mali-
cious mischief; #forest theft; **16 (84.21%) were offences of provoking general danger and 3 (15.78%) were serious criminal offences against public 
safety and property; ††10 (28%) were attacks against staff while carrying out security work, 8 (23%) against family members, 9 (26%) against other 
persons, 1 (3%) was removal or damage of an official seal, and  7 (20%) were related to illicit possession of weapons or explosive substances

Duration of the security measure of mandatory 
psychiatric treatment and custody N (%)

Up to 5 months 12 (7.79)
6 – 12 months 30 (19.48)
1  - 1 year and 12 months 30 (19.48)
2 years – 2 years and 12 months 21 (13.63)
3 years – 3 years and 12 months 16 (10.38)
4 years – 4 years and 12 months 15 (9.74)
5 years – 5 years and 12 months 7 (4.54)
6 years – 6 years and 12 months 5 (3.24)
7 years – 7 years and 12 months 1 (0.64)
8 years – 8 years and 12 months 3 (1.94)
11 years – 11 years and 12 months 5 (3.24)
13 years – 13 years and 12 months 2 (1.29)
14 years – 14 years and 12 months 1 (0.64)
15 years – 15 years and 12 months 1 (0.64)
17 years – 17 years and 12 months 3 (1.94)
18 years – 18 years and 12 months 2 (1.29)
Total 154 (100)

Table 4. Duration of the security measure of mandatory 
psychiatric treatment and custody

The most frequent criminal offences were com-
mitted by the examinees aged 20-29 years, 65 
(28.13%), those aged 30-39, 65 (28.13%) and 
examinees in the age 40-49, 58 (25.10%). Most 
frequent criminal offences in these age groups 
were against life and body (total of 107) in 21 

The examinees with the secondary school degree 
most frequently committed criminal offences, 99 
(43.42%) (p˂0.001),  followed by the examinees 
with primary school qualifications 65 (28.50%) 
(Table 5).
An analysis of pronounced security measure of 
mandatory psychiatric treatment and custody 
because of the perpetration of one or more cri-

Bjelošević et al. Persons with mental disorders and criminal offences
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minal offences showed that 105 (68.18%) exa-
minees committed one criminal offense and 49 
(12.82%) committed more criminal offences 
(data not shown). 
Before the crime perpetration 104 (67.54%) 
examinees had been treated previously, and 50 
(32.46%) had not been treated (data not shown). 
Forty-five (29%) examinees had been previously 
convicted and 109 (71%) had not been convicted 
before (data not shown). 
Reasons for the termination of the security me-
asure of mandatory psychiatric treatment and 
custody were as follows: in three (1.94 %) 
examinees, the security measure of mandatory 
psychiatric treatment and custody ceased becau-
se of suicide, the natural death occurred in four 
(2.59 %) examinees, 23 (14.93%) were tran-
sferred to prison, 108 (70.12%) were released, 
and in 16 (10.38%) examinees the security mea-
sure was retained (data not shown). 
Of the total of 154 examinees, 130 (84.41%) 
were found mentally incapacitated and the secu-
rity measure of mandatory psychiatric treatment 
and custody was pronounced to them, while 23 
(15%) examinees were found to have diminis-
hed mental capacity and in addition to the secu-
rity measure of mandatory psychiatric treatment 
and custody, an imprisonment sentence was pro-
nounced, in one (0.64%) examinee the security 
measure of mandatory psychiatric treatment and 
custody was pronounced with a suspended impri-
sonment sentence (data not shown). 

DISCUSSION 

The study included 154 examinees placed at the 
Forensic Department of the Penitentiary in Zeni-
ca, Federation Bosnia and Herzegovina. Of the 
total number of examinees 55.19% had the diag-

nosis of schizophrenia. In addition to schizophre-
nia, the highest number of examinees, 19.48%, 
had the diagnosis of delusional disorder, 20.12% 
were diagnosed with specific personality disor-
der, and 12.33% with mental retardation; Pond 
et al. study showed 32.4% psychosis and 19.7% 
personality disorder (14).   
Persons with schizophrenic disorders are four 
times more likely to commit violence than per-
sons without schizophrenic disorder (15), which 
is confirmed by our study. The studies of cri-
minality in patients in psychiatric hospitals and 
mental disorders among imprisoned offenders 
suggest a link between major mental disorders 
(schizophrenia and big emotional disorders) and 
crime. It was found that men with most serious 
mental disorders or a handicap had higher likeli-
hood of committing criminal offences than men 
without disorders and were four times more li-
kely to commit violence. Criminal behaviour 
occurred in more than half of those cases at the 
age of 18 years (16). In our research, we recei-
ved information that the majority of people with 
mental disorders committed a crime in the age of 
20-29 years, 28.13%. 
The results of this study have shown that persons 
with more serious mental disorders and persons 
with intellectual difficulties have a higher risk of 
violent behaviour and perpetration of criminal 
offences confirming results of previous studies 
(16). Research conducted in relation to readmi-
ssion to custody or prison has shown that 30.8% 
of persons returned to prison indicating that early 
detection of deteriorated condition leads to im-
provement in mental health and decrease in the 
number of returns to prison (17). It is in line with 
the research conducted by Evans et al. showing 
that 68% examinees had been previously treated 
and that 29% had an earlier measure of treatment 

No (%) of examinees by the qualifications

Criminal offences against No  qualifi-
cations

Primary 
school

Secondary 
school University Student Unknown Total p

life and body 12 (11.11) 25 (23.14) 52 (48.14) 5 (4.62) 14 (12.96) 108 (47.36) <0.001
freedom and rights 1 (14.28) 5 (71.42) 1 (14.28) 7 (3.07)
marriage, family and youth  2 (100) 2 (0.87)
people’s health 2 (100) 2 (0.87)
sexul freedom and morality 1 (25) 1 (25) 2 (50) 4 (1.75)
property 7 (14) 20 (40) 13 (26) 3 (6) 7 (14) 50 (21.92)
environment, agriculture and natural resources 1 (100) 1 (0.43)
public safety of persons and property 3 (15.78) 6 (31.57) 8 (42.10) 2 (10.52) 19 (8.33)
public order and legal transactions 4 (11.42) 9 (25.71) 17 (48.57) 1 (2.85) 4 (11.42) 35 (15.35)
TOTAL 27 (11.18) 65 (28.50) 99 (43.42) 5 (2.19) 4 (1.75) 28 (12.28) 228 (100)

Table 5. Examinees according to the type of criminal offences broken down by qualifications 
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(17). Suicidal behaviour is a significant problem 
in American prisons, e.g. suicidal ideas precede 
suicidal behaviour in 16% of the prison populati-
on (18). Our study has found that 1.94% exami-
nees committed suicide. 
There is a huge problem in FB&H related to the 
lack of an adequate medical institution for cu-
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Duševna oboljenja i krivična djela osoba smještenih na 
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SAŽETAK 

Cilj Ispitati utjecaj različitih bioloških, psiholoških i socijalnih faktora na izvršenje krivičnih djela od 
strane lica s mentalnim poremećajem, te ispitati zakonske uvjete u kojima su smještene osobe s mental-
nim poremećajima, a koje su počinile krivično djelo.
Metode U ovom retrospektivnom deskriptivnom istraživanju analizirani su podaci prikupljeni iz proto-
kola Forenzičkog odjela Kazneno-popravnog zavoda Zenica (dob, školska sprema, radni status, bračno 
stanje, mentalni poremećaji, podaci koji se odnose na ranije liječenje, vrsta počinjenog krivičnog djela, 
trajanje mjere bezbjednosti obaveznog psihijatrijskog liječenja i čuvanja) za 154 ispitanika.
Rezultati Istraživanje je obuhvatilo 154 ispitanika (muškaraca) prosječne starosne dobi 34 godine. Pro-
sječan broj godina provedenih na Forenzičkom odjelu je 3 godine; ubistvo je počinilo 68 (44,15%) ispi-
tanika, a 34 (22,07%) pokušaj ubistva. Od shizofrenije je bolovalo 85 (55,19%) ispitanika, 30 (19,48%) 
je imalo sumanuti poremećaj, a 19 (12,33%) mentalnu retardaciju.
Zaključak Najveći broj počinjenih djela bio je u korelaciji sa shizofrenijom (najveći broj ispitanika bolovao 
je od shizofrenije). Potrebno je raditi na podizanju forenzičke bolnice na području Federacije Bosne i Herce-
govine, kako bi se osigurali dobri uvjeti za rehabilitaciju psihičkih bolesnika koji su počinili krivično djelo.
Ključne riječi: shizofrenija, uračunljivost, ubistvo
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