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SUMMARY

Introduction/Objective Chronic obstructive pulmonary disease (COPD) is a primary lung disease. Today,
pulmonary rehabilitation (PR) is the basis for non-pharmacological treatment of these patients, with nu-
merous confirmed effects on the most significant symptoms of the disease and the quality of life (QoL).
The aim of this study was to determine the relationship between certain risk factors and the outcome of
PR, as well as to determine the percentage of respondents who had a positive outcome of PR.
Methods The study included 500 patients with COPD, determined according to the Global Initiative for
Chronic Obstructive Lung Disease guidelines, all stages (I-1V), in the stable phase of the disease, who
completed the outpatient PR program. Disease stage, comorbidities, forced expiratory volume in the
first second, six-minute walk test (6MWT), COPD Assessment Test (CAT), and Medical Research Council
dyspnea scale, body mass index, airflow obstruction, dyspnea and exercise capacity (BODE) index, were
measured before and after the program. The last four parameters have been observed as risk factors that
affect the outcome of PR, but also as parameters by which we monitor the outcome of PR.

Results A successful outcome of PR was achieved by as many as 452 (90.4%) patients. The following
were determined as independent predictors of a positive outcome of PR: lower number of comorbidities,
absence of heart failure, higher BMI, and CAT > 10.

Conclusions PR in our group of patients leads to statistically significant improvements in most of the

examined subjective and objective parameters, in patients in all stages of the disease.
Keywords: COPD; comorbidity; respiratory rehabilitation; risk factors; treatment outcome

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a slow, progressive, primarily lung disease,
but causes significant systemic consequences
[1]. According to available data, 4-15% of the
adult population in industrialized countries
suffer from this disease. It is the only disease in
the top 10 leading causes of death in the world,
in which the prevalence and number of deaths
continue to grow [2]. Inflammatory changes
similar to those in the lungs also occur in the
systemic circulation, and are thought to occur
with a simple “spill-over” phenomenon, i.e., the
overflow of the mediator of inflammation into
the systemic circulation. Most likely, this con-
cept is the key to understanding the systemic
effects of COPD [3].

The first problems usually appear years after
the first signs of inflammation and consequent
damage to the respiratory function. Most often,
rapid fatigue and dyspnea bring these patients
to the doctor, because they consider coughing
and expectoration to be a normal consequence
of cigarette smoking. When it occurs, dyspnea
is usually persistent and progressive [4].

The most significant systemic disorders
include: skeletal muscle dysfunction, cardio-

vascular disease (CVD), diabetes, osteoporosis,
depression [5]. Skeletal muscle dysfunction in
COPD is a common occurrence. The patho-
physiological mechanisms have not been pre-
cisely determined. One of the most important
is the decline due to inactivity, because these
patients avoid all efforts that lead to dyspnea
[6]. One of the most significant comorbidi-
ties in COPD is CVD and it is a dynamic and
progressive disorder that occurs by combining
endothelial dysfunction and inflammation [7].
Recent studies provide evidence that inflamma-
tory changes may be predictors of the develop-
ment of diabetes (type 2) and impaired glucose
tolerance [8]. Reduced lung function, systemic
inflammation, corticosteroid therapy, reduced
physical activity, which in turn causes reduced
mechanical load on the bones, and it is one of
the most important stimuli for bone building,
contribute to the development of osteoporosis
[9]. Depression and anxiety, have a significant
impact on the course of COPD, the progno-
sis of the disease, and the quality of life (QoL)
of the patients and their families. The preva-
lence of depression in patients with COPD is
10-40%, while it is 19% for anxiety [10].

The “gold diagnostic standard” is spirom-
etry. Parameters necessary for the diagnosis of
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COPD are: forced vital capacity (FVC) and forced expira-
tory volume in the first second (FEV1), and FEV1/FVC
ratio [11]. Postbronchodilator values are recommended for
the diagnosis and assessment of COPD severity. According
to the severity of the obstruction, COPD is divided into
mild (stage I), moderately severe (stage II), severe (stage
III), and very severe (stage IV). A new classification of
the disease was adopted - the ABCD classification, based
on the assessment of disease symptoms, the degree of ob-
struction, and the risk of exacerbation. The assessment
of disease symptoms is performed using the COPD As-
sessment Test (CAT) and the modified British Medical
Research Council scale (mMRC) [12].

The CAT questionnaire is a practical test consisting of
eight questions, which measure the impact of COPD on the
health condition and the daily life of the patient. The total
score ranges 0-40, higher values indicating poorer general
condition of the patient. This test has been shown to reflect
the impact of PR as well as recovery after exacerbations
[13]. The mMRC scale is used to assess dyspnea by grada-
tion 0-4, in relation to effort tolerance. Grade 4 indicates
the appearance of dyspnea even during the lightest physical
activities. This scale correlates well with other health pa-
rameters, clinical signs and pulmonary function, and pro-
vides an estimate of future mortality [14]. The body mass
index, airflow obstruction, dyspnea and exercise capacity
(BODE) index is a multidimensional index that consists
of four parameters: body mass index (BMI), obstruction
measured via FEV1, dyspnea, measured using mMRC, and
exercise capacity expressed through the six-minute walk
test (6MWT). This is an index whose values range 0-10,
and the index with values > 7 is an excellent predictive
factor for mortality, and at the same time we can monitor
the effects of PR [15].

Given that nowadays PR is a proven, very effective non-
pharmacological method of treating patients with COPD,
in this paper we wanted to determine whether and which
risk factors affect the outcome of PR, as well as how suc-
cessful the PR program is in treating patients with COPD.

METHODS
Material

This retrospective-prospective study included 500 patients
diagnosed with COPD according to GOLD guidelines,
stages I-1V, in the stable phase of the disease, who com-
pleted the program of outpatient PR during a two-year
period. Data from associated diseases were taken from pre-
vious medical history, medical documentation, and based
on the pharmacological therapy used by the patients. The
PR consisted of 15 sessions, duration of each being 45 min-
utes, over a period of three weeks, and included strength
exercises for the upper and lower extremities, endurance
exercises on a stationary bike (symptom-limited), and dia-
phragmatic breathing exercises. All the patients underwent
pre- and post-PR: 6MWT according to guidelines issued
by the American Thoracic Association, FEV1-measured
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on a Master Scope PC spirometer (manufactured by JAE-
GER). Patients completed the CAT and mMRC question-
naires themselves, also before and after PR. Patients’ body
height and body weight are presented with BMI. Based on
these parameters, we finally calculated the BODE index
before and after the completion of the PR program. When
it comes to the success of PR, our research determined
the influence of individual risk factors on the successful
outcome of PR (certain associated diseases, FEV1, 6MWT,
CAT, and mMRC questionnaire, BODE index). The as-
sessment of rehabilitation success was done on the basis of
certain parameters that were observed as risk factors (indi-
vidual improvement of these factors included an increase
in distance travelled during 6 MW'T by > 54 m, a decrease
in the CAT questionnaire by 5 points, and in the mMRC
questionnaire and BODE index by 1 point). The categories
of success were the following: excellent (all four parameters
improved), very good (three parameters improved), good
(two parameters improved), sufficient (one parameter im-
proved), and insufficient (without improvement of any
parameter). The categories excellent, very good, good, and
sufficient were considered a successful outcome of the PR.

Statistical analysis

The study used the measures of central tendency as meth-
ods of descriptive statistics. We used methods of identifica-
tion of empirical distributions, methods for assessing the
significance of differences: depending on the type of data
distribution, independent t-test, Mann-Whitney U-test,
Wilcoxonss test of equivalent pairs, x* test, and Spearman’s
correlation test. To assess the significance of the relation-
ship between input variables and outcomes, univariate as
well as multivariate logistic regression analysis was used.
Statistical analyses were performed using IBM SPSS Sta-
tistics, Version 22.0 (IBM Corp., Armonk, NY, USA), with
statistical significance level set at 0.05.

The study was approved by the Ethics Board of the In-
stitute for Pulmonary Diseases of Vojvodina.

RESULTS

The study included 500 respondents, of whom 258 (51.6%)
were male. The average age was 64.89 £ 9.02 years. The
average BMI was 25.86 + 4.25, while the average pack/
years value was 42.09 + 24.52. The average duration of the
disease was 7.35 + 6.03 years (Table 1).

Three or more associated diseases were registered in
189 (37.8%) respondents, 50 patients (10%) did not have
any associated diseases, while the largest number of associ-
ated diseases (seven), was found in only one patient. The
most common associated disease was arterial hypertension,
found in 338 (67.6%) patients, followed by ischemic heart
disease in 208 (41.6%) patients, and diabetes mellitus in
143 (28.6%) patients. The rarest associated disease was lung
cancer, diagnosed in only six (1.2%) patients (Figure 1).

The mean distance travelled during 6 MW'T before PR
was 421.76 + 97.75, and after PR it increased on average by
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Table 1. Descriptive parameters of patients in total and according to the outcome of pul-

monary rehabilitation

mild and severe patients and symptoms
(CAT questionnaire > 10, mMRC ques-

BMI - body mass index; SD - standard deviation; X - mean

Depression
Osteoporosis
Tuberculosis
Lung carcinoma
Bronchiectasis
g M Frequency
Diabetes mellitus

Heart failure

Ischemic heart disease

Arterial hypertension 67.6
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Figure 1. Frequency of comorbidities of respondents
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Figure 2. Frequency of cut-off values for Chronic Obstructive Pulmo-
nary Disease Assessment Test (CAT), modified British Medical Research
Council scale (mMRC), and Airflow Obstruction, Dyspnea and Exercise
(BODE) capacity questionnaires before and after pulmonary rehabili-
tation

64.44 + 35.07 (p < 0.01). The increase in distance during
the 6SMWT > 54 m was achieved by 314 (62.8%) respon-
dents.

The mean value of FEV1 before PR was 58.15 + 18.53,
while after the PR program it increased on average by
3.05 +2.84 (p < 0.01).

The mean value of the CAT questionnaire before PR
was 12.32 + 6.38, and after PR it decreased by an aver-
age of 6.37 £ 3.11 (p < 0.01). The reduction of the CAT
questionnaire by 5 points was achieved by 345 (69%) re-
spondents. The mean value of the mMRC scale before PR
was 1.75 + 0.93, and after PR it decreased by an average of
0.71+£0.56 (p < 0.01). A decrease on the mMRC scale by 1
point was achieved by 329 (65.8%) respondents. The mean
value of the BODE index before PR was 2.37 + 2.05, and af-
ter PR it decreased by an average of 0.93 + 0.95 (p < 0.01).
The reduction of the BODE index by 1 point was achieved
by 345 (69%) respondents.

When we observed these subjective parameters in rela-
tion to the proposed cut-off values for the categorization of
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Variables Sui Outcome of PR p tionnaire > 2, BODE index > 3) before

Successful | Unsuccessful and after PR, we obtained the results
Sex male (n, %) 258 (51.6) 231(89.5%) | 221 (91.3%) 0.498 shown in Figure 2. Further determina-
Age (X £ SD) 64.89+9.02 | 64.76 +9.04 | 66.10 + 8.82 0.326 tion of the correlation of these param-
BMI (X = SD) 25.86 £4.25 | 26.00 £4.26 | 24.59 £ 3.96 0.029 eters revealed the existence of a statis-
Pack-years (X £ SD) 42.09+24.52 | 41.60+24.81 |46.73+21.16| 0.168 tically significant positive correlation
Length of disease years (median) | 7.35+6.03 6 3 0.103 between the values of the CAT question—

naire (p = 0.006) and the mMRC scale
(p = 0.014) at the beginning of the study
and the positive outcome of PR. No statistically significant
correlation was found between the BODE index values at
the beginning of the study and the PR outcome (p > 0.05).

Subjects with three or more associated diseases had a
statistically significantly lower frequency of positive PR
outcome compared to subjects with less than three asso-
ciated diseases [163 (86.2%) vs. 289 (92.9%); p = 0.014].
There is a statistically significant negative correlation be-
tween the number of associated diseases and a positive
PR outcome (p = 0.008), as well as three or more associ-
ated diseases and a positive PR outcome (p = 0.014). It
was found that subjects with heart failure had a statisti-
cally significantly lower frequency of positive PR outcome
compared to subjects without heart failure [59 (83.1%) vs.
393 (91.6%); p = 0.024]. There was no statistically signifi-
cant difference in the frequency of positive PR outcome
in subjects with ischemic heart disease [184 (88.5%) vs.
268 (91.8%); p > 0.05], arterial hypertension [302 (89.3%)
vs. 149 (92.5%); p > 0.05], diabetes mellitus [128 (89.5%)
vs. 324 (90.8%); p > 0.05], pulmonary tuberculosis [55
(88.7%) vs. 397 (90.6%); p = 0.024], lung cancer [5 (83.3%)
vs. 447 (90.5%); p > 0.05], bronchiectasis [95 (88.8%) vs.
357 (90.8%); p > 0.05], osteoporosis [56 (87.5%) vs. 396
(90.8%); p > 0.05] and depression [62 (86.1%) vs. 390
(91.1%); p > 0.05] compared to patients without these
comorbidities. There is a statistically significant negative
correlation between cardiac failure and a positive PR out-
come (p = 0.024), while there is no statistically significant
association of the other examined comorbidities with a
positive PR outcome (p > 0.05) (Figure 3).

When it comes to the success of PR, we must note that
the evaluation of the success of rehabilitation was done
on the basis of certain parameters that were observed as
risk factors (6MW'T, CAT questionnaire, mMRC ques-
tionnaire, and BODE index). Of the 500 patients included
in the study, as many as 452 (90.4%) subjects achieved a
successful PR outcome, while only 48 (9.6%) subjects were
without improvement in any test parameter. Within the
successful outcomes of PR, most respondents 142 (28.4%)
were in the ‘very good’ category, followed by the categories
‘good, with 129 respondents (25.8%), ‘sufficient, with 102
respondents (20.4%), and the ‘excellent’ category, with 79
(15.8%) respondents.

In our research, we tried to determine the predictive
values of pre-determined risk factors. The results obtained
by univariate logistic regression analysis showed that sta-
tistically significant univariate predictors of a positive PR
outcome are the following: lower number of associated
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Figure 3. Pulmonary rehabilitation (PR) success rate by comorbidities

diseases [PR 0.74 95% CI (0.59-0.93); p = 0.011]; absence
of heart failure [PR 0.45 95% CI (0.22-0.92); p = 0.027];
higher BMI [PR 1.84 95% CI (0.87-3.87); p = 0.03];
mMRC > 2 [PR 2.73 95% CI (1.47-5.08); p = 0.002];
CAT =10 [PR 3.23 95% CI (1.74-6.02); p < 0.001].

Age, sex, smoking, pack-years, duration of illness, num-
ber of exacerbations during the previous year, ischemic
heart disease, diabetes mellitus, arterial hypertension,
osteoporosis, pulmonary tuberculosis, lung cancer, bron-
chiectasis, depression, 6 MW'T, BODE, FEV1, and GOLD
stages are not statistically significant predictors of a posi-
tive PR outcome. Further data processing, multivariate
logistic regression analysis showed that the independent
predictors of a positive PR outcome are the following:
lower number of associated diseases [PR 0.67 95% CI
(0.52-0.88); p = 0.004]; absence of heart failure [PR 0.42
95% CI (0.19-0.93); p = 0.033]; higher BMI [PR 1.15 95%
CI (1.05-1.25); p = 0.002]; CAT > 10 [PR 4.99 95% CI
(2.51-9.91); p < 0.001].

DISCUSSION

In our study, 500 patients with COPD were analyzed, with
258 (51.6%) being male. Today, it is known that comor-
bidities have a very significant impact on the health status
of patients with COPD, but they also have a great impact
on the burden on the entire health system. Comorbidities
significantly worsen the patient’s QoL and prognosis. The
second revision of GOLD, for the first time, included co-
morbidities and exacerbations in the definition of COPD,
thus confirming their importance. The prevalence of co-
morbidities is quite diverse, the most common data indi-
cating that about two-thirds of patients with COPD have
one or two comorbidities, although the results range 50-
98.5%. Divo et al. [16] found in one of the largest comor-
bidity studies, which included 1,969 patients with COPD
and 316 patients without COPD, they found that patients
with COPD were more likely to have a larger number of
comorbidities than patients without COPD.

In our study, 50 patients did not have comorbidities
(10%), patients with comorbidities had a share of 90%. The
number of comorbidities in the remaining 450 patients
ranged from 1-7, and the average number of comorbidities
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These data correlate with the results

from the references, even our prevalence

of comorbidities is at the upper limit,
compared to the results in the research published so far.

The comorbidity study within our paper included the
following diseases: heart failure (present in 14.2%), isch-
emic heart disease (41.6%) and hypertension (67.7%), dia-
betes (28.6%), bronchiectasis (21.4), pulmonary tubercu-
losis (12.2), lung cancer (1.2%); osteoporosis (12.8) and
depression (14.4%). The examination of the prevalence
of comorbidities showed, as stated in the references, that
CVD have the highest prevalence in people with COPD,
and these values are compared with the results from the
references. Prevalence values for other diseases also range
within the values in the references, with the exception of
lung cancer, where we had a much lower prevalence com-
pared to data from the references, perhaps due to some-
what weaker screening in that direction, than osteoporo-
sis, whose prevalence in the references is up to 35%, and
depression, with a slightly lower prevalence compared to
the references (about 25%). Only heart failure has a statisti-
cally significant impact on the success of PR. Its presence
was more significant in the group with ‘insufficient’ PR
success compared to all other success categories. These
results also coincide with the results from the references.
In addition to the impact of these comorbidities on the
course and prognosis of COPD, they may also affect the
success of PR. Studies indicate that patients with comor-
bidities, especially > 2, have a higher degree of dyspnea,
less tolerance to exertion, and a poorer QoL. Patients with
CVD and COPD, according to Hornikx et al. [17], do not
have worse values either before or after the PR program,
when it comes to the assessment of dyspnea, but they have
worse results related to the exercise tolerance and QoL.

In contrast, Carreiro et al. as well as Tunsupon et al.
[18], received numerous positive changes in terms of
symptoms, but also in terms of QoL, after completing the
PR program in patients with this type of comorbidity [18,
19]. PR in these patients is more complex, difficult, and
individualized, but these patients have more chances to
progress and achieve better results. And just as these two
views are opposed, so are the results of the studies that
have been done on this topic in recent years.

The results of PR on the influence of the CAT test are
very positive, and for these reasons it is used today as one
of the main parameters for monitoring the effects of PR.
Our results confirmed that PR significantly improved the
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values of the CAT questionnaire, by far more than 2 points
of minimum clinically important difference (MCID) value
stated in the references. Also, the value of CAT showed that
it has a statistically significant correlation with the success
of PR, namely the initially worse the values of the CAT
questionnaire are, the better the results of rehabilitation.
For example, we must note that the group of patients with
‘excellent’ success had the highest mean CAT before the
program (17.14 points), while the average correction for all
categories of success was slightly more than 6 points. These
results are in complete agreement with what Dodd et al.
[20] officially confirmed in their prospective multicenter
study, pointing out that it is a simple test which responds
well to PR and that can distinguish categories in relation
to the effects of this program very well. This author further
examined the duration of changes in the values of the CAT
and found that the CAT questionnaire responds to the PR
program immediately, and that these effects last up to six
months after PR.

Our work confirmed and pointed out the significant
effect of PR to dyspnea. After PR, there was a statistically
significant improvement of mMRC, and its statistically
significant correlation with PR success was confirmed. In
the case of mMRC, as well as in the case of CAT question-
naire, this correlation is negative, i.e., the higher the values
of mMRC before PR, the better the success. The category
with ‘excellent’ success initially had the highest values of
mMRC (2.65 points), and the average improvement was
by 1 point. A previous study has shown that PR leads to
the improvement of dyspnea in all patients, although it is
recommended that only patients with mMRC > 2 should
be included in the program. Rugbjerg et al. [21] found
that all categories of patients, in relation to mMRC, have
some improvement, and that it is weak in patients with
mild symptoms, while in patients with more pronounced
symptoms this improvement is statistically significant.
Betancourt-Pefia et al. [22] also contributed to this topic.
They concluded that patients with mMRC 2 have the same
improvement after the PR, when it comes to 6 MWD and
maximal oxygen uptake, as well as patients with mMRC3%,
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®aKTopu pu3mnKa Kao NpeaUKTOPU UCX0Aa PpecnupaTopHe pexabunurauuje Kog,
6onecHUKa ca XpOHUYHOM ONCTPYKTUBHOM 6onewhy nayha

Hanwjena Kyxajma'?, ViBaH Kyxajga'?, Mupocnas Mnuh'? CuHnwa Makcumosuh'?, JeneHa LipHo6prba?, HeHen Jlanuh'?,

Mapko bojosuh'?

'"YHusep3uteT y Hoom Capy, MeguumHcku dakyntet, Hosu Cap, Cpbuja;

2MHcTuTyT 33 nnyhHe 6onectn Bojsoante, Cpemcka KameHuua, Cpbuja;

*UHcTUTyT 33 OHKonorujy BojsoguHe, Cpemcka KameHuua, Cpbuja

CAXKETAK

YBop/Linmb XpoHryHa oncTpyKTvBHa 6onect ninyha npumapHo
je nnyhHo obormemne. PecnupatopHa pexabunutaumja gaHac
npeAcTaB/ba OCHOBY HepapMaKOMOLLIKOT fleyetba 0BYX bonec-
HVKa, ca 6pojHKM noTBpheHnM edeKTMa Ha Haj3HauajHuje
cmnToMe 6oNecTn 1 KBanmTeT XKUBOTA.

Linm paga 610 je pa ce yTBpAn noBe3aHocT ogpeheHnx dak-
TOpa pY3nKa U NCXofa PecnnpaTopHe pexabunmtauyje, Kao u
npoLeHaT NCNMTaHNKa KO KOj/iX je OCTBapeH No3nTNBaH UCXOF,
pecnupaTopHe pexabunutayyje.

Mertoge Y nctpaxuBatbe je ykibyyeHo 500 6onecHuKa ca Xpo-
HWYHOM ONCTPYKTMBHOM bonewhy nnyha, ytBphHeHrx npema
cmepHuumn GOLD, cux ctagujyma (I-1V), y ctabunHoj ¢pasu 60o-
NeCTW, KOjy Cy OfpPaANIN KOMMIETaH MPorpam ambynaHTHe pe-
cnupaTtopHe pexabunutayuje. Cragujym 6onectu, npuapyxeHe
6onect, opcrpaHn eKCNPWjyMCKI BOSYMEH Y MPBOj CEKYH-
AV, LUECTOMVHYTHY TECT X0, YNUTHUK 3@ NPOLIEHY XPOHUYHE
onctpyKkTuBHe 6onectu nnyha (COPD Assessment Test — CAT) n
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ckana mMMR (modified Medical Research Council) 3a npoueHy
cTeneHa AncnHeje, unaekc BODE, mepeHw Cy npe v nocrne 3aBp-
WweHor nporpama. [Nocneara yeTnpy napameTpa NnocMaTpaHa
Cy 11 Kao paKTopM pr3MKa Kojy YTUUY Ha MCXOA pecnupaTopHe
pexabunuTaumje, anv v Kao napameTpy nomohy Kojux npatmmo
ncxop pecnupatopHe pexabunurtayuje.

Pe3syntatu YcnelwaH ncxop pecnupaTtopHe pexabunutauuje
ocCTBapwna cy Yak 452 (90,4%) 6onecHuka. Kao He3aBuUcHU npe-
JOUKTOPW NO3UTVBHOT 1CXOAa PecrnupaTopHe pexabunutayyje
yTBphEeHn cy Maru 6poj npuapy»KeHnx 6onectu, ofcycTo cp-
YaHe cnabocTu, BULLIK NHAEKC TenecHe mace n CAT > 10.
3akrpyyak PecnupatopHa pexabunvTaymja y Hawoj rpynu
60/ecHNKa JOBOAM A0 CTaTUCTUYKIM 3HauajHMX Nobosbluama
BeNMHe NCNUTVBaHMX CybjeKTVBHIX 1 06jeKTVBHIX NapamMeTapa
Ko 6onecHuKa y cBUM ctagujymvma 6onectu.

KrbyuHe peun: XxpoH1yHa oncTpyKT1BHa 6onect nnyha; Komop-
6VANTET; pecnupaTopHa pexabunutaumja; daktopy pusnka;
ncxop Tepanvije
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