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SaZetak

Uvod: Cilj istrazivanja bio je odrediti vrijednosti hematoloskih biljega ane-
mije i koncentracije C-reaktivnog proteina (CRP) kod bolesnika oboljelih od
stabilne kroni¢ne opstrukcijske pluéne bolesti (KOPB), kako bi se utvrdila pri-
sutnost anemije, stupanj sistemske upale i korelacija izmedu analita.

Materijali i metode: U ispitivanje je bilo ukljuceno 150 bolesnika s KOPB
(forsirani ekspiracijski volumen u prvoj sekundi (engl. forced expiratory vo-
lume in 1 second (FEV,) = 48 + 21%) i 51 kontrolni ispitanik (FEV, = 106 +
15%). Prema smjernicama Globalne inicijative za kronicnu opstrukcijsku plu¢-
nu bholest (engl. Global Initiative for Chronic Obstructive Lung Disease, GOLD)
bolesnici su podijeljeni u Cetiri podskupine, a prema kriterijima SZ0 za anemi-
juu dvije skupine: ispitanici s anemijom i bez nje. Koncentracija CRP u serumu
odredena je imunoturbidimetrijskom metodom, a koncentracija hematolos-
kih biljega protocnom citometrijom.

Rezultati: Nije nadena statisticki znacajna razlika u broju eritrocita, koncen-
traciji hemoglobina i vrijednostima hematokrita izmedu skupine svih boles-
nika s KOPB i kontrolne skupine, kao ni izmedu podskupina GOLD i kontrolne
skupine. Anemija je bila prisutna kod 24% bolesnika. Koncentracija CRP bila je
statisticki znacajno visa kod skupine svih bolesnika s KOPB (P < 0,001), svih
podskupina GOLD (1. P < 0,007; llA., lIB., Ill. P < 0,001) i podskupina s anemi-
jom i bez nje (P < 0,001) u usporedbi s kontrolnom skupinom. Specifi¢nost i
osjetljivost CRP odredena je ROC analizom i pokazala je dobru dijagnosticku
tocnost koncentracije CRP kod bolesnika s KOPB. Koeficijent korelacije izmedu
koncentracije CRP i koncentracije hemoglobina odnosno vrijednosti hematok-
rita otkrio je dobru negativnu korelaciju (CRP i hemoglobin: r = -0,60, P <
0,001; CRP i hematokrit: r =-0,59, P < 0,001) samo u podskupini GOLD II.

Zakljucak: Koncentracija CRP, biljega sistemske upale, bila je statisticki zna-
Cajno visa kod bolesnika s KOPB i kod svih podskupina GOLD u usporedbi s
kontrolnom skupinom. ZabiljeZena je dobra negativna korelacija izmedu vri-
jednosti hematokrita i koncentracije hemoglobina te uznapredovale upale
(koncentracija CRP) kod podskupine GOLD Ill. Postotak bolesnika s anemijom
bio je u skladu s podacima iz literature.
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Abstract

Background: The aim of the study was to determine the values of hema-
tological markers of anemia and of C-reactive protein (CRP) in patients with
stable chronic obstructive pulmonary disease (COPD) in order to define the
presence of anemia, degree of systemic inflammation and correlations be-
tween the analytes.

Material and methods: The study included 150 COPD patients (FEV, = 48
+ 21%) and 51 control subjects (FEV, = 106 = 15%). Pursuant to GOLD gui-
delines, the patients were divided into four subgroups and according to WHO
criteria for anemia into two subgroups: subjects with and those without ane-
mia. Serum CRP concentration was determined by immunoturbidimetric
method and hematological markers were determined by flow cytometry.

Results: No significant differences were found in the values of erythrocytes,
hemoglobin and hematocrit either between the group of all COPD patients
and control subjects or between GOLD subgroups and control subjects. Ane-
mia was present in 24% of COPD patients. CRP concentration was significan-
tly higher in the group of all COPD patients, in all GOLD subgroups (I, 1A, IIB
and I1) and in subgroups with and without anemia as compared to control
subjects (P < 0.001 all). CRP specificity and sensitivity were determined by
ROC analysis and showed good diagnostic accuracy for CRP in COPD patients.
Correlation coefficient between CRP and hemoglobin and hematocrit values
revealed a good negative correlation (r = -0.60 and r =-0.59, respectively; P
< 0.001 both) only in GOLD subgroup III.

Conclusion: CRP concentration, a marker of systemic inflammation, was
significantly higher in COPD patients and in all GOLD subgroups as compa-
red to the control group. Good negative correlation was recorded between
hematocrit and hemoglobin values and advanced inflammation (CRP concen-
tration) in GOLD subgroup lII. The rate of anemia was in agreement with lite-
rature data.
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Uvod

Kroni¢na opstrukcijska plu¢na bolest (KOPB), jedan od
vodecih zdravstvenih problema u razvijenim zemljama,
multisistemska je bolest koja zapocinje oste¢enjem mor-
fologije i funkcije pluca te napreduje do visestrukih sis-
temskih manifestacija kao $to su sistemski upalni procesi,
imunodeficijencija, Ceste infekcije diSnog sustava, pothra-
njenost, osteoporoza, sr¢anozilne komplikacije (1) i, kao
$to navode nedavna izvjesca, anemija (2). Stoga je oprav-
dano trajno znanstveno i stru¢no zanimanje za KOPB s ci-
liem sprjecavanja i ranog otkrivanja bolesti, kao i potra-
ga za najucinkovitijim lije¢enjem, poboljsanjem kvalitete
Zivota i produzenom stopom prezivljavanja. Upala koju
obiljezava povecani broj neutrofila jedan je od klju¢nih
¢imbenika u patogenezi ove bolesti. Upalni odgovor za-
pocinje aktivacijom alveolarnih makrofaga koji sintetizi-
raju neutrofilne kemoatraktante, leukotrien (LTB,) i inter-
leukin-8 (IL-8). Oni nadalje aktiviraju neutrofile, najvaznije
efektorske stanice upalnih dogadaja kod KOPB. Naime,
aktivirani neutrofili sintetiziraju i izlu¢uju proteoliticke en-
zime (npr. neutrofilnu elastazu, katepsine i matriks-meta-
loproteinaze) i reaktivne kisikove spojeve koji izravno os-
tecuju tkivo pluca (3). Koncentracija proteina akutne faze
takoder je povisena u krvi bolesnika s KOPB. Podaci iz li-
terature ukazuju na povisenu koncentraciju C-reaktivnog
proteina (CRP) kao biljega sistemske upale kod ovih bo-
lesnika (4).

Zbog pratece hipoksije s pojavom KOPB gotovo se tradi-
cionalno javlja i policitemija (5). Uz policitemiju kod boles-
nika s KOPB takoder se javlja i anemija; prema podacima
iz literature javlja se u 5-33% slucajeva (6). Pretpostavlja
se da je mehanizam nastanka anemije u KOPB isti kao u
anemiji upale (7). Naime, povisene koncentracije upal-
nih citokina (IL-1, TNF-alfa, IFN-gama itd.) vode ka skraci-
vanju zivota eritrocita, poremecenom koristenju zeljeza
iz retikuloendotelnih zaliha i do slabljenja kompenzacij-
ske aktivnosti koStane srzi. Stoga koStana srz ne odgo-
vara na pojacano stvaranje eritropoietina (EPQ), javlja se
otpornost na EPO i razvija se anemija, naj¢e$¢e normo-
citna i normokromna, a u rjedim slucajevima mikrocitna
i hipokromna anemija (8). Pretpostavlja se da bi anemija
mogla biti znacajan prognosticki ¢imbenik kod bolesnika
s KOPB, buduci da su smanjene koncentracije hemoglobi-
na i nize vrijednosti hematokrita kod ovih bolesnika po-
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Introduction

Chronic obstructive pulmonary disease (COPD), one of
the leading health problems in developed countries, is
a multisystemic disease that starts with lung morpholo-
gy and function impairment and progresses to multiple
systemic manifestations such as systemic inflammation
processes, immunodeficiency, frequent respiratory infec-
tions, malnutrition, osteoporosis, cardiovascular compli-
cations (1) and, as recently reported, to anemia (2).
Continuous scientific and professional interest in COPD is
therefore justified and aimed at prevention and early de-
tection of the disease, as well as at search for the most
efficient treatment, improvement of the quality of life,
and prolonged survival. Inflammation, characterized by
an increased neutrophil count, is one of the key factors
in the pathogenesis of this disease. Inflammatory respon-
se starts with activation of alveolar macrophages, whi-
ch synthesize neutrophil chemoattractants, leukotriene
(LTB,) and interleukin-8 (IL-8). They further activate neut-
rophils, the most important effector cells in inflammato-
ry events in COPD. Namely, activated neutrophils synthe-
size and excrete proteolytic enzymes (e.g., neutrophilic
elastase, cathepsins and matrix metalloproteinases) and
reactive oxygen molecules that directly damage lung tis-
sue (3). The concentration of acute phase proteins is also
elevated in the blood of COPD patients. Literature data
point to raised C-reactive protein (CRP) concentration as
a marker of systemic inflammation in these patients (4).
Owing to accompanying hypoxia, COPD is almost tradi-
tionally associated with polycythemia (5). Besides po-
lycythemia, anemia also occurs in COPD patients; accordi-
ng to literature, its incidence is 5%-33% (6). It is assumed
that the mechanism of anemia development in COPD is
the same as that of anemia of inflammation (7). Name-
ly, elevated concentrations of inflammatory cytokines
(IL-1, TNF-alpha, IFN-gamma, etc.) lead to a shortening of
erythrocyte life, disturbed utilization of iron from reticu-
loendothelial stores, and to impairment of the compen-
sational activity of bone marrow. Hence, bone marrow
does not respond to enhanced erythropoietin (EPO) for-
mation, resistance to EPO emerges, and anemia develo-
ps, most commonly normocytic and normochromic, sel-
dom microcytic and hypochromic anemia (8). It is assu-
med that anemia could be a significant prognostic factor
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vezane s ¢estom i dugotrajnom hospitalizacijom i pove-
¢anom stopom smrtnosti (9).

Ciljevi ovoga istrazivanja bili su: a) odrediti relativni udio
anemije kod svih bolesnika s KOPB i razlike u hematolos-
kim biljezima anemije izmedu bolesnika s KOPB i bolesni-
ka iz podskupina rasporedenih prema smjernicama GOLD
u usporedbi s kontrolnom skupinom; b) odrediti razlike
u koncentraciji CRP kao biljega sistemske upale izmedu
svih bolesnika s KOPB i bolesnika iz podskupina raspore-
denih prema smjernicama GOLD u usporedbi s kontrol-
nom skupinom; ¢) odrediti razlike u koncentraciji CRP kod
podskupina bolesnika s anemijom i bez nje; d) procijeniti
mogucu korelaciju izmedu koncentracije CRP i odabranih
hematoloskih biljega anemije; i e) odrediti dijagnosticku
to¢nost CRP u razlucivanju bolesnika s KOPB i zdravih is-
pitanika.

Materijali i metode

Ispitanici

U istrazivanje je bilo uklju¢eno 150 bolesnika oboljelih od
KOPB i 51 ispitanik kao kontrolna skupina. U skupini bo-
lesnika s KOPB bilo je 105 (70%) muskaraca i 45 (30%) Ze-
na, medijan dobi 71 (63-76) godina. Svi su bolesnici bili
lijeceni na Odjelu za plu¢ne bolesti Opce bolnice ,Dr. Ivo
Pedisi¢” u Sisku u razdoblju od svibnja 2007. do lipnja
2008. KOPB je dijagnosticirana na temelju podataka iz
anamneze, klinickih nalaza i nalaza funkcijskog spiromet-
rijskog testa. Iz istrazivanja su iskljuceni bolesnici s drugim
plué¢nim bolestima, akutnim upalnim bolestima, bolesti-
ma jetre, Secernom boles¢u i povijes¢u karcinoma. Teme-
liem stadija bolesti, odnosno spirometrijskog nalaza, koji
se smatra zlatnim standardom kod dijagnosticiranja ove
bolesti, bolesnici su podijeljeni u 4 podskupine prema
smjernicama GOLD (engl. Global Initiative for Chronic Ob-
structive Lung Disease, GOLD): podskupina GOLD |, lIA, 11B
i [l (GOLD I blagi oblik, forsirani ekspiracijski volumen u
prvoj sekundi (engl. forced expiratory volume in 1 sec, FEV,)
> 80% od ocekivane vrijednosti; GOLD IIA umjereni oblik,
50% < FEV, < 80% od ocekivane vrijednosti; GOLD IIB um-
jereni oblik, 30% < FEV, < 50% od ocekivane vrijednosti;
GOLD Il teZak oblik, FEV, < 30% od ocekivane vrijednosti
ili FEV, < 50% od oCekivane vrijednosti sa zastojem u disa-
nju ili klinickim znacima zatajivanja desne strane srca (10).
U podskupini GOLD 1 bilo je 17 (11%) ispitanika, u GOLD
IIA 47 (31%), u GOLD IIB 50 (33%) i u GOLD Il 36 (24%) is-
pitanika. Bolesnici su nadalje podijeljeni u dvije podsku-
pine prema kriterijima Svjetske zdravstvene organizacije
(SZO) za anemiju: vrijednost hematokrita < 0,390 L/L za
muskarce i < 0,360 L/L za Zene (11). U podskupini A bilo je
36 bolesnika s anemijom (36/150 = 24%), a u podskupini B
114 bolesnika koji nisu imali anemiju (114/150 = 76%).
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in COPD patients, because decreased hemoglobin and
hematocrit concentrations in these patients are associa-
ted with frequent and long-term hospitalization and in-
creased mortality (9).

The goals of this study were: (a) to establish the relative
proportion of anemia in all COPD patients and differen-
ces in hematological markers of anemia between COPD
patients and patient subgroups according to The Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines in comparison with control group; (b) to estab-
lish differences in CRP concentration as a marker of syste-
mic inflammation between all COPD patients and patient
subgroups according to the GOLD guidelines in compari-
son with control group; (c) to establish differences in CRP
concentration between the subgroups of patients with
and without anemia; (d) to assess the possible correla-
tion between CRP concentration and selected hematolo-
gical markers of anemia; and (e) to determine diagnostic
accuracy of CRP in discriminating between patients with
COPD and healthy subjects.

Materials and methods

Subjects

The study included 150 COPD patients and 51 control
subjects. In the group of COPD patients there were 105
(70%) male and 45 (30%) female patients, median age 71
(63 and 76, respectively). All patients were treated at De-
partment of Pulmonary Diseases, Dr. Ivo Pedisi¢ General
Hospital, Sisak, during the period from May 2007 to Ju-
ne 2008. COPD was diagnosed on the basis of history da-
ta, clinical findings, and results of functional spirometric
tests. Patients with other pulmonary diseases, acute in-
flammatory diseases, liver diseases, diabetes mellitus and
cancer history were excluded from the study. Based on
the stage of the disease, i.e. spirometry result, conside-
red as the “gold standard” in diagnosing this disease, pa-
tients were allocated to four subgroups according to the
GOLD guidelines: |, 1A, 1B, and IIl (GOLD | mild form, FEV,
(forced expiratory volume in 1 sec) > 80% of anticipated
value; GOLD Il A moderate form, 50% < FEV, < 80% of an-
ticipated value; GOLD Il B moderate form, 30% < FEV, <
50% of anticipated value; and GOLD Il severe form, FEV,
< 30% of anticipated value or FEV, < 50% of anticipated
value with respiratory failure or with clinical signs of right
heart failure (10).

GOLD | subgroup comprised 17 (11%), subgroup IIA 47
(31%), subgroup 1IB 50 (33%) and subgroup Il 36 (24%)
patients. Study patients were further divided into two
subgroups according to the World Health Organization
(WHO) criteria for anemia: hematocrit value < 0.390 L/L
for males, and < 0.360 L/L for females (11). Subgroup A
(with anemia) included 36 (36/150 = 24%) patients, and
subgroup B (without anemia) 114 (114/150 = 76%) patien-
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U kontrolnu skupinu bio je uklju¢en 51 ispitanik, 21
(41%) muskarac i 30 (59%) Zena, medijan dobi 52 godine
(46-56). Odabrani su medu ispitanicima koji su prosli re-
dovni sistematski pregled u zdravstvenim centrima u Sis-
ku i Petrinji te nisu pokazivali znakove akutnih ni kronic-
nih stanja. Svi su dobrovoljci prosli standardne funkcijske
testove respiracijskog sustava kao glavni kriterij ukljuci-
vanja u istrazivanje. Temeljem normalnih spirometrijskih
nalaza dobrovoljci su bili ukljuceni u istrazivanje kao ispi-
tanici kontrolne skupine.

Svi su ispitanici dali svoj obavijesteni pismeni pristanak za
sudjelovanje u istrazivanju koje je odobrio i Eticki odbor
Opce bolnice ,Dr. lvo Pedisi¢” u Sisku.

Uzorci

Za hematoloske testove rabila se puna krv uzeta u epru-
vetu s K,EDTA kao antikoagulansom. Odredio se broj erit-
rocita, koncentracija hemoglobina, vrijednost hematok-
rita, parametri eritrocita: MCV (engl. mean cell volume of
red cells; srednji stani¢ni volumen), MCH (engl. mean cell
hemoglobin content of red cells; srednja vrijednost stanic-
nog hemoglobina), MCHC (engl. mean cell hemoglobin
concentration; srednja koncentracija stani¢cnog hemoglo-
bina) i broj retikulocita.

Za odredivanje koncentracije CRP rabio se serum u ep-
ruvetama bez antikoagulansa centrifugiran 10 minuta na
1300 x g.

Metode

Hematoloski testovi napravljeni su standardnim mjernim
postupkom po nacelu proto¢ne citometrije na automat-
skom brojacu stanica Cell Dyn 3200 CS (Abbott Diagno-
stics). Broj retikulocita odreden je na istom uredaju nakon
bojanja bojama New Methylene Blue N. Koncentracija
CRP odredena je imunoturbidimetrijskom metodom na
automatskom analizatoru Dimension Xpand Plus (Sieme-
ns Healthcare Diagnostics) s reagensima istoga proizvo-
daca.

Statisticka analiza

Normalnost raspodjele ispitana je Kolmogorov-Smirnov-
ljevim statistickim testom. Podaci s normalnom raspodje-
lom izrazeni su kao aritmeticka sredina + standardna de-
vijacija (X £ SD), dok su podaci koji nisu slijedili normalnu
raspodjelu izrazeni kao medijan i interkvartilni raspon.
Statisticka znacajnost razlike izmedu skupina ispitana je
parametrijskim nezavisnim t-testom i neparametrijskim
Mann-Whitneyevim testom.

Za usporedbu svih ispitivanih analita izmedu cetiri pod-
skupine GOLD primijenjena je jednosmjerna analiza vari-
jance ANOVA (engl. one-way analysis of variance) i nepara-
metrijski Kruskal-Wallisov test. Svaka vrijednost P < 0,05
smatrala se statisticki znacajnom.

Hematological markers and CRP in stable COPD

ts. Control group included 51 subjects, 21 (41%) males
and 30 (59%) females, median age 52 (46 and 56, respec-
tively). They were selected among the individuals pre-
senting for regular medical check up at Sisak and Petrinja
Health Centers, and were without any signs of acute or
chronic condition. All volunteers were subjected to the
standard pulmonary function test as the main criterion
for inclusion in the study. Namely, volunteers were inclu-
ded in the study as controls on the basis of normal spiro-
metric finding.

All patients and control subjects gave a written consent
to be included in the study, which was approved by the
Ethics Committee of Dr. Ivo Pedisi¢ General Hospital.

Samples

Whole blood samples collected with K,EDTA as anticoa-
gulant were used for hematologic tests, i.e. erythrocytes,
hemoglobin, hematocrit, red blood cell constants: mean
cell volume of red cells (MCV), mean cell hemoglobin
content of red cells (MCH), mean cell hemoglobin con-
centration (MCHC), and reticulocytes.

CRP concentration was determined in sera obtained by
centrifugation at 1300 x g for 10 minutes in test tubes wit-
hout anticoagulant.

Methods

Hematological tests were done according to standard
procedures based on flow cytometry on an automatic Ce-
[l Dyn 3200 CS cell counter (Abbott Diagnostics). Reticu-
locyte count was determined with the same device after
staining with New Methylene Blue N. CRP concentration
was determined by the immunoturbidimetric method on
an automated Dimension Xpand Plus analyzer (Siemens
Healthcare Diagnostics) using test reagents of the same
manufacturer.

Statistical analysis

Each set of data were analyzed for normality by the Kol-
mogorov-Smirnov statistical test. Normally distributed
data were expressed as arithmetic mean + standard de-
viation (X = SD), while the non-normally distributed data
were expressed as median and interquartile range. Signi-
ficance of between-group differences was tested by the
parametric independent t-test and nonparametric Mann-
Whitney test.

To compare all study analytes among the four GOLD sub-
groups, the one-way analysis of variance (ANOVA) and
nonparametric Kruskal-Wallis test were used. Statistical
significance was set at P < 0.05.

To determine the correlation between CRP concentra-
tion and hematologic indicators of anemia (hemoglo-
bin, hematocrit, reticulocytes) in the group of COPD pa-
tients and in the subgroups, Pearson’s and Spearman’s
coefficients of correlation were calculated. The Receiver
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Kako bi se odredila korelacija izmedu koncentracije CRP i
hematoloskih pokazatelja anemije (hemoglobina, hema-
tokrita i retikulocita) u skupini bolesnika s KOPB te u pod-
skupinama, izrac¢unati su Pearsonov i Spearmanov koefi-
cijent korelacije. Napravljena je ROC analiza (engl. receiver
operating characteristic, ROC) kako bi se odredila dijagnos-
ticka to¢nost CRP u razlucivanju bolesnika s KOPB i ispita-
nika kontrolne skupine. Statisticke analize provedene su
programskim paketom Med Calc 9.6.0.0. za Windows 98.

Rezultati

Osnovne demografske osobine skupine bolesnika s KOPB,
podskupina bolesnika raspodijeljenih prema smjernica-
ma GOLD i kontrolne skupine ispitanika prikazane su u
tablici 1.

TaBLica 1. Opcée demografske znacajke svih bolesnika s KOPB,
podskupina bolesnika rasporedenih prema smjernicama GOLD
i kontrolnih ispitanika

Hematological markers and CRP in stable COPD

Operating Characteristic (ROC) analysis was performed
to estimate diagnostic accuracy of CRP in discriminati-
ng between COPD patients and control group. Statistical
analyses were performed using the Med Calc 9.6.0.0 for
Windows 98 software.

Results

Baseline demographic characteristics of the group of
COPD patients, patient subgroups according to GOLD
and control group are presented in Table 1.

In the group of COPD patients, the values of body mass
index (BMI) differed significantly (P < 0.001) from the va-
lues recorded in control subjects. The difference was also
statistically significant when GOLD subgroups |, [1B and llI
were compared with control group (P = 0.027, P = 0.001
and P < 0.001, respectively).

TaBLE 1. Baseline demographic characteristics of all patients
with chronic obstructive pulmonary disease (COPD), subgrou-
ps of patients according to GOLD classification and control sub-
jects

GOLD GOLD GOLD GOLD COPD Controls
I A 1B 1 All (N=51)
(N=17) (N=47) (N=50) (N=36) (N =150) -
Age (years) 74 (53-86)* 71 (46-94)* 72 (49-83)* 70 (26-83)* 71 (63-76)* 52 (46-56)
Males, N (%) 10 (58.8) 29 (61.7) 37 (74.0) 26 (72.2) 105 (70) 21 (41)
BMI (kg/m?) 26.0 (23.5-27.9)* 26.6 (23.5-30.3) 24.5(21.5-27.5)* 22.3(19.9-24.7)*  25.1 +5.2% 28.7+4.6
FEV,(%) 87 (83-91)* 59 (52-65)* 41 (36-45)* 24 (20-25)* 48 +21* 106 + 15

GOLD - Global Initiative for Chronic Obstructive Lung Disease; BMI - body mass index; FEV, - forced expiratory volume in 1 sec;
*marked difference between the group of patients and group of controls; P < 0.05
Data are presented as arithmetic mean + standard deviation or as median and interquartile range.

Vrijednosti indeksa tjelesne mase u skupini bolesnika s
KOPB bile su statisticki zna¢ajno (P < 0,001) razli¢ite od
vrijednosti izraCunatih za kontrolne ispitanike. Takoder se
dobila statisti¢ki znacajna razlika nakon usporedbe vrijed-
nosti podskupina GOLD I., IIB. i lll. s kontrolnom skupinom
(P=0,027,P=0,001iP < 0,001).

Skupina bolesnika s KOPB i skupina kontrolnih ispitanika
nisu bile jednake dobi. Kontrolni ispitanici bili su mladi, a
razlika je bila statisti¢ki znacajna (P < 0,001) i kod skupi-
ne bolesnika s KOPB i kod skupina bolesnika podijeljenih
prema smjernicama GOLD. Razlika u vrijednostima FEV,

Biochemia Medica 2009;19(3):266-76

The groups of COPD patients and control subjects were
not age matched the latter being significantly younger
from both all COPD patients and GOLD subgroups (P <
0.001). FEV, values yielded significant difference between
the group of all COPD patients, GOLD subgroups of pa-
tients and control group (P < 0.001).

The values of hematological indicators and CRP in the
group of all COPD patients, GOLD subgroups and control
group are presented in Table 2.

The values of erythrocyte constants MCV and MCHC dif-
fered significantly between the group of COPD patients
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TaBLIcA 2. Vrijednosti hematoloskih biljega i koncentracije CRP
kod svih bolesnika s KOPB, podskupina bolesnika rasporedenih
prema smjernicama GOLD i kontrolnih ispitanika

Hematological markers and CRP in stable COPD

TasLE 2. Values of hematologic markers and CRP concentration
in patients with chronic obstructive pulmonary disease (COPD),
COPD patients distributed in GOLD subgroups, and control
subjects

GOLD GOLD GOLD GOLD COPD controls
| IIA I8 m (N=150) (N=51)
(N=17) (N=47) (N =50) (N =36) B -
RBC(x 10'2/L) 4.7 (415-518)  4.58+0.56 459 £0.59 4.77 (413-5.44) 4.63+0.63 4.61+049
HGB (g/L) 146 (127-154) 14119 139+ 20 144 (130-160) 140 + 20 142+18
0.43 (0.39-
HTC (L/L) 0.45) 0414£0052  0413+0052  043(0.39-048)  0418+0.060 0.409 +0.045
MCV (fL) 88.8(85-92)  91.3+53* 90.2+6.9 93.1(88.5-96.2)* 90.6 + 6.4 * 88.7 £3.6
MCH (pg) 30'320(%1'2' 31.0£25 30.3£29 30.6 (29.6-32.2) 30.5+27 307+1.8
MCHC(g/L)  335(324-342) 33913 336+ 13* 337 (329-340)* 336+12% 346+ 12
165 (1.54-
RTC (%) .88 161 +0.56 164 +0.82 139 (1.11-1.8) 149 (1.21-1.86)  1.41(1.30-1.72)
1012(6.99-  12.20(7.82- e 2177(10.46- 1 2o )
CRP (mg/L) 56.68)* Sesme  1273(742:6007) 43.60)* 12.92 (8.01-41.32)*  7.70 (3.58-9.43)

GOLD - Global Initiative for Chronic Obstructive Lung Disease; RBC - red blood cells; Hgb — hemoglobin; Htc — hematocrit; MCV
- mean cell volume of red cells; MCH - mean cell hemoglobin content of red cells, MCHC - mean cell hemoglobin concentration;
Rtc - reticulocytes, CRP - C-reactive protein; *marked difference between the group of patients and group of controls; P < 0.05
Data are presented as arithmetic mean + standard deviation or as median and interquartile range.

izmedu skupine svih bolesnika s KOPB, podskupina boles-
nika podijeljenih prema klasifikaciji GOLD i kontrolnih is-
pitanika bila je statisticki znacajna (P < 0,001).

Vrijednosti hematoloskih pokazatelja i koncentracije CRP
u skupini bolesnika s KOPB, podskupinama bolesnika
podijeljenih prema smjernicama GOLD i skupini kontrol-
nih ispitanika prikazane su u tablici 2.

Vrijednosti eritrocitnih parametara MCV i MHCH u skupini
bolesnika s KOPB statisticki su se zna¢ajno (P = 0,012; P <
0,001) razlikovale od vrijednosti kod kontrolnih ispitanika.
Medijan koncentracije CRP bio je za oko 50% visi u skupi-
ni bolesnika s KOPB, te je razlika u odnosu na kontrolnu
skupinu bila statisticki znacajna (P < 0,001).

Razlike u broju eritrocita, koncentraciji hemoglobina i vri-
jednosti hematokrita nisu bile statisticki znacajne u uspo-
redbi bilo koje od podskupina GOLD s kontrolnom skupi-
nom.

Vrijednost MCV bila je statisticki znacajno visa samo u
podskupini GOLD lIA. (P < 0,008), MCH samo u podskupi-
ni GOLD 1. (P < 0,039), dok je vrijednost MCHC bila statis-
ticki znacajno niza kod svih podskupina GOLD u uspored-
bi s kontrolnom skupinom (P < 0,001; P = 0,018; P < 0,001
i P <0,001).

Medijan koncentracije CRP rastao pocevsi od podskupine
GOLD I. prema GOLD lll., gdje je iznosio 21,77 mg/L, §to je

and control subjects (P = 0.012 and P < 0.001, respective-
ly). The median of CRP concentration was by about 50%
higher in the group of COPD patients, yielding a significa-
nt difference from the control group (P < 0.001).

The values of erythrocytes, hemoglobin and hematocrit
did not differ significantly between any of the GOLD pa-
tient subgroups and control subjects.

MCV value was significantly higher in the GOLD IIA sub-
group (P < 0.008) and MCH in the GOLD | subgroup (P
< 0.039) only, whereas MCHC was significantly lower in
all GOLD subgroups as compared to control group (P <
0.001, P = 0.018, P < 0.001 and P < 0.001, respectively).
Thee median CRP concentration increased from GOLD |
subgroup towards GOLD Il subgroup, where it was 21.77
mg/L or threefold median CRP concentration recorded in
control group (subgroup |, P < 0.001; lIA, P < 0.001; and II1B
and Ill, P < 0.001).

Partial oxygen pressure (pO,) in COPD patients (9.38 +
1.93 kPa) was significantly lower as compared to the re-
ference values (10.00-13.33 kPa). COPD patients also
showed an increase in leukocyte count (10.24 + 4.21 x
10%/L) (results not shown).

The values of hematological markers and CRP in COPD
patients divided into subgroups according to the WHO
criteria for anemia are presented in Table 3. Anemia was
present in 36 (24%) patients.

Biochemia Medica 2009;19(3):266-76
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tri puta viSe nego medijan koncentracije CRP kod kontrol-
ne skupine (podskupina I. P < 0,001; lIA. P < 0,001; lIB. i lIl.
P < 0,001).

Parcijalni tlak kisika (pO,) kod bolesnika s KOPB (9,38 +
1,93 kPa) bio je statisticki znacajno nizi u usporedbi s refe-
rentnim vrijednostima (10,00-13,33 kPa), a broj leukocita
je kod bolesnika bio povecan (10,24 + 4,21 x 10%/L) (rezul-
tati nisu prikazani).

Vrijednosti hematoloskih biljega i koncentracije CRP kod
bolesnika s KOPB podijeljenih u podskupine prema krite-
rijima SZO za anemiju prikazani su u tablici 3. Anemija je
bila prisutna kod 36 bolesnika (24% ukupnog broja boles-
nika).

TaBLicA 3. Vrijednosti hematoloskih biljega i koncentracija CRP
kod bolesnika s KOPB rasporedenih u skupine prema kriterijima
SZ0 za anemiju

Hematological markers and CRP in stable COPD

In group A patients (with anemia), reticulocyte count was
significantly higher (P = 0.003), while median CRP con-
centration was threefold that recorded in group B patien-
ts (without anemia) (P < 0.001).

Comparison of the study analytes in all four GOLD sub-
groups showed no statistically significant difference.
Determination of the coefficient of correlation between
hemoglobin concentration and CRP and between he-
matocrit and CRP in the group of COPD patients produ-
ced a weak negative correlation (r =-0.28; P < 0.001 and
r =-0.27; P = 0.001, respectively) (12), while there was no
correlation between reticulocyte count and CRP concen-
tration. The strongest negative correlation was obtained

TasLE 3. Values of hematologic markers and CRP concentra-
tions in patients with chronic obstructive pulmonary disease
(COPD) distributed in groups according to World Health Orga-
nization criteria for anemia

COPD Patients with anemia

COPD Patients without anemia

(N=36) (N=114)
RBC (x 10'%/L) 3.94 (3.75-4.21) 4.83+0.51
Hgb (g/L) 118 (108-127) 149+ 15
MCV (fL) 88.5(84.9-93.1) 914+5.2
MCH (pg) 29.9 (28.1-31.9) 309+2.2
MCHC (g/L) 334 (327-340) 338+ 11
Rtc (%) 1.81 (1.31-2.04)* 1.52+0.53
CRP (mg/L) 33.94 (18.39-79.98)* 11.32 (7.76-27.67)

RBC - red blood cells; Hgb — hemoglobin; Htc - hematocrit; MCV — mean cell volume of red cells; MCH - mean
cell hemoglobin content of red cells, MCHC - mean cell hemoglobin concentration; Rtc - reticulocytes; CRP -
C-reactive protein; *marked difference between groups of patients with and without anemia, P < 0.05

Data are presented as arithmetic mean + standard deviation or as median and interquartile range.

Broj retikulocita bio je statisti¢ki znacajno visi kod boles-
nika iz skupine A (P = 0,003), dok je medijan koncentracije
CRP bio tri puta visi kod bolesnika s anemijom (skupina
A) nego kod bolesnika koji nemaju anemiju iz skupine B
(P <0,001).

Nije bilo statisticki znacajne razlike kod usporedbe is-
pitivanih analita u svim podskupinama GOLD.

Izracunom koeficijenta korelacije izmedu koncentracije
hemoglobina i CRP te vrijednosti hematokrita i CRP u sku-
pini bolesnika s KOPB dobivena je slaba negativna korela-
cija (hemoglobin i CRP: r =-0,28; P < 0,001 te hematokrit i
CRP:r=-0,27; P =0,001) (12), dok izmedu broja retikulocita
i koncentracije CRP nije bilo korelacije. Najbolja negativna
korelacija dobivena je odredivanjem koeficijenta korelaci-
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by determination of the correlation coefficient between
hemoglobin concentration and CRP (r = -0.60; P < 0.001),
and between hematocrit and CRP (r = -0.59; P < 0.001)
(12) in the GOLD Il subgroup.

Although CRP concentration was significantly higher in
patients with anemia than in those without it, there was
no correlation between CRP concentration and hemoglo-
bin or hematocrit, and no correlation between CRP con-
centration and reticulocyte count either in the group of
patients with anemia.

Good diagnostic efficiency of CRP was determined by
ROC analysis, comparing the group of all COPD patients
with control group (area under the curve, AUC = 0.795;
95%Cl = 0.732-0.849; P < 0.001; at a cut-off concentration

272



Pancirov D. i sur.

Hematoloski biljezi i CRP kod stabilne KOPB

Pancirov D. et al.

je izmedu koncentracija hemoglobina i CRP (r =-0,60; P <
0,001) te vrijednosti hematokrita i koncentracije CRP (r =
-0,59; P < 0,001) (12) u podskupini GOLD IlI.

lako je koncentracija CRP kod bolesnika s anemijom bila
statisticki znacajno visa nego kod bolesnika bez anemi-
je, nije pronadena korelacija izmedu koncentracije CRP i
koncentracije hemoglobina ili vrijednosti hematokrita u

Hematological markers and CRP in stable COPD

of 11.86 mg/L, diagnostic sensitivity of 56% and specifici-
ty of 94.1% were determined) (Figure 1).

ROC analysis was also done for all hematological indica-
tors of anemia, comparing the group of all COPD patien-
ts with control group; however, the diagnostic efficiency
thus obtained was unsatisfactory for all study parameters
(AUC < 0.5).

100 [
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g _r
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S — Specificity: 94.1
v 40: C[iterion:>11.86
_— ,...l /’/
20 |
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SLIKA 1. ROC analiza C-reaktivnog proteina (CRP) u skupini bo-
lesnika s kroni¢cnom opstrukcijskom plu¢nom boles¢u (KOPB).

skupini bolesnika s anemijom, kao niti korelacija izmedu
koncentracije CRP i broja retikulocita.

ROC analizom ustanovljena je dobra dijagnosti¢ka ucin-
kovitost CRP u usporedbi svih skupina bolesnika s KOPB
s kontrolnom skupinom - AUC (engl. area under the curve,
povrsina ispod krivulje) = 0,795; 95%-tni interval pouzda-
nosti (engl. confidence interval, Cl) = 0,732-0,849; P < 0,007;
kod grani¢ne koncentracije od 11,86 mg/L dijagnosticka
osjetljivost 56% i specificnost 94,1%) (slika 1.).

ROC analiza je takoder napravljena za sve hematoloske
pokazatelje anemije, usporedujudi skupinu svih bolesnika
s KOPB s kontrolnom skupinom; medutim, dobivena di-
jagnosti¢ka ucinkovitost nije bila zadovoljavajuca za sve
ispitane parametre (AUC < 0,5).

Rasprava

U nasoj skupini bolesnika s KOPB anemija (snizene vri-
jednosti hematokrita i koncentracije hemoglobina, po-

Ficure 1. ROC analysis of C-reactive protein (CRP) in the group
of all patients with chronic obstructive pulmonary disease.

Discussion

In the group of COPD patients included in the study,
anemia (decreased hematocrit and hemoglobin values,
increased proportion of reticulocytes, lower MCH and
MCHC values along with normal or decreased MCV va-
lues) was present in 36 (24%) patients. CRP concentration
was significantly higher in the group of all patients, as we-
Il as in all GOLD subgroups as compared to control group,
confirming the role of CRP as a marker of systemic inflam-
mation in this disease. CRP concentration was significan-
tly higher in the subgroup of COPD patients with anemia
as compared to the patient subgroup without anemia,
pointing to the possible association of anemia with the
presence of inflammation in this disease. Reticulocyte
count was also higher in the subgroup of COPD patients
with anemia. The results of this study also pointed to ne-
gative correlation between hematocrit and hemoglobin
values and CRP concentration (a marker of inflammation),
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visen broj retikulocita, nize vrijednosti MCH i MCHC uz
normalne ili snizene vrijednosti MCV) bila je prisutna kod
36 (24%) bolesnika. Koncentracija CRP bila je statisticki
znacajno visa u skupinama svih bolesnika, kao i u pod-
skupinama GOLD u usporedbi s kontrolnim ispitanicima,
$to potvrduje znacenje CRP kao biljega sistemske upale
kod ove bolesti. Koncentracija CRP je bila statisticki zna-
¢ajno visa kod podskupina bolesnika s KOPB koji su imali
anemiju u usporedbi s podskupinama bolesnika koji nisu
imali anemiju, $to ukazuje na mogucu povezanost ane-
mije s prisutnos¢u upale kod ove bolesti. Broj retikulocita
takoder je bio visi kod podskupina bolesnika s KOPB koji
su imali i anemiju. Rezultati ovoga istrazivanja takoder su
pokazali negativnu korelaciju izmedu vrijednosti hema-
tokrita i koncentracije hemoglobina te koncentracije CRP
(biljega upale), narocito u podskupini GOLD llI. u kojoj su
bili bolesnici s teskim oblikom bolesti i znatno smanje-
nom plu¢nom funkcijom (r = -0,60, P < 0,001; r = -0,59, P
< 0,001), rezultat kakav su takoder opisali Richmond i Kiss
(13).

Dijagnosticka specifi¢cnost i osjetljivost koncentracije CRP
ispitana je ROC analizom. Kod grani¢ne vrijednosti od
11,86 mg/L dijagnosticka je to¢nost, odnosno sposobnost
testa da prepozna bolest kod odredene osobe, iznosila je
56%, dok je dijagnosticka specifitnost, odnosno vjerojat-
nost da ce rezultati testa iskljuciti bolest kod zdravih oso-
ba iznosila 94%. Prema dobivenoj ROC krivulji i podrucju
ispod krivulje (AUC) ustanovljena je dobra diskriminacij-
ska ucinkovitost koncentracije CRP, odnosno dobra dijag-
nosticka to¢nost. Pinto-Plata i sur. (14) su dosli do zaklju¢-
ka da bi CRP mogao biti biljeg sistemskog upalnog proce-
sa koji se javlja kod bolesnika s KOPB.

Anemija prisutna kod bolesnika s KOPB uglavnom je bi-
la normocitna i normokromna (83,4%) te u manjem pos-
totku mikrocitna i hipokromna (16,6%), $to odgovara slici
anemije upale (15). Naime, uz nedostatak zeljeza, kroni¢-
ne upalne bolesti naj¢es¢a su stanja povezana s anemi-
jom (anemija upale, anemija kroni¢nih bolesti). Stoga je
KOPB nedavno dodana popisu kroni¢nih upalnih bolesti
povezanih s anemijom, zajedno s infekcijama, tumorima,
autoimunim bolestima i bubreznim bolestima (7). Simi-
lowski i sur. (7) su izvijestili da je KOPB bolest koja se prije
uglavnom povezivala s policitemijom (incidencija 5-8%) i
tek se nedavno, iako se to ¢ini paradoksalnim, pocela po-
vezivati s anemijom (16), incidencija koje je 10-15% (6).
Omjer bolesnika s anemijom u ovom istrazivanju slaze se
s literaturnim podacima, bududi da su neki autori izvijesti-
li 0 pojavi anemije kod ¢ak 33% bolesnika (17). Policitemi-
ja je bila prisutna kod 8% bolesnika s KOPB, 5to se takoder
slaZe s rezultatima drugih autora (17,18).

Veliko francusko istrazivanje drustva ANTADIR (Association
Nationale pour le Traitement a Domicile des Insuffisants Res-
piratoires) (9) pokazalo je snaznu korelaciju izmedu kon-
centracije hemoglobina i smrtnosti kod bolesnika s KOPB.
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notably in GOLD subgroup lIll, which includes patients
with the severe form of the disease with greatly redu-
ced pulmonary function (r =-0.60, P < 0.001; r =-0.59, P <
0.001), as also reported by Richmond and Kiss (13).
Diagnostic specificity and sensitivity of CRP were deter-
mined by ROC analysis. At the cut-off value of 11.86 mg/L,
diagnostic sensitivity, i.e. test ability to recognize COPD
patient, was 56%, while diagnostic specificity, i.e. the pro-
bability that the test result would exclude the disease in a
healthy person, was 94%. The ROC curve and area under
the curve (AUC) indicated good discriminatory efficiency
of CRP, i.e. its good diagnostic accuracy. Pinto-Plata et al.
(14) report that CRP could be a marker of a systemic in-
flammatory process present in COPD patients.

The anemia found in the group of COPD patients was
mainly normocytic and normochromic (83.4%), and to a
lesser extent microcytic and hypochromic (16.6%) ane-
mia, which corresponds to the picture of anemia of in-
flammation (15). Namely, after iron deficiency, chronic
inflammatory diseases are the most common conditions
associated with anemia (anemia of inflammation, anemia
of chronic disease). Thus, COPD has recently been added
to the list of chronic inflammatory diseases associated wi-
th anemia, along with infections, tumors, autoimmune
diseases and kidney diseases (7). Similowski et al. (7) re-
port that COPD is a disease that used to be mainly asso-
ciated with polycythemia (incidence 5%-8%) and, althou-
gh it may seem paradoxical, it has only recently started to
be associated with anemia (16), the incidence of which is
10%-15% (6). The proportion of patients with anemia in
this study was consistent with literature data, since some
authors report on the incidence of anemia of up to 33%
(17). Polycythemia was present in 8% of our COPD patien-
ts, which is also in accordance with the results reported
by other authors (17,18).

The large French ANTADIR (Association Nationale pour le
Traitement a Domicile des Insuffisants Respiratoires) stu-
dy (9) showed strong correlation between hemoglobin
concentration and mortality in COPD patients. In the sa-
me study, hematocrit value was defined as an indepen-
dent and most important prognostic indicator of COPD
patient survival. A higher survival rate was recorded in
patients with polycythemia, while higher mortality was
determined in the group of patients with low hematocrit
values. In recent years, polycythemia is less common in
these patients, which may be attributed to better medi-
cal care of these patients, as well as to the increased uti-
lization of angiotensin-converting enzyme (ACE) inhibi-
tors that are widely used to treat cardiac complications
in COPD patients (19). It is also assumed that hemoglobin
concentration in patients with COPD reflects the balan-
ce between erythropoiesis stimulation by hypoxia (most
notable in GOLD subgroup lll, representing the highest
degree of disease progression) and its suppression due
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U istom su istrazivanju vrijednosti hematokrita definirane
kao nezavisan i najvazniji prognosticki pokazatelj preziv-
ljavanja kod bolesnika s KOPB. Visa je stopa prezivljava-
nja zabiljezena kod bolesnika s policitemijom, dok je visa
stopa smrtnosti ustanovljena u skupini bolesnika s niskim
vrijednostima hematokrita. Proslih godina policitemija je
bila rjeda kod bolesnika s niskim vrijednostima hematok-
rita, $to se moze pripisati boljoj medicinskoj skrbi boles-
nika, kao i povecanoj primjeni inhibitora angiotenzin kon-
vertiraju¢eg enzima (engl. angiotensin-converting enzyme,
ACE) koji su u Sirokoj uporabi u lijec¢enju sr¢anih kompli-
kacija kod bolesnika s KOPB (19). Takoder se pretpostavlja
da koncentracija hemoglobina kod bolesnika s KOPB od-
razava ravnotezu izmedu eritropoeze stimulirane hipok-
sijom ($to se najbolje vidi kod podskupine GOLD lIl. koja
predstavlja najvisi stupanj napredovanja bolesti) i njene
supresije zbog prisutnosti upale (20). Kako su vrijednosti
pO, kod bolesnika s KOPB u ovom istrazivanju bile nize
od referentnih vrijednosti, a koncentracije CRP povisene,
kao i broj leukocita, rezultati nasega istrazivanja slazu se
sa spomenutom pretpostavkom.

Ovo preliminarno istrazivanje potvrdilo je znacenje od-
redivanja koncentracije CRP kao biljega sistemske upale
kod bolesnika s KOPB, kao i mogucu povezanost povisene
koncentracije CRP s napredovanjem bolesti. Grani¢na vri-
jednost od 11,86 mg/L, dobivena ROC analizom, mogla bi
biti dodatni biokemijski parametar koji bi mogao pomoci
u razluc¢ivanju bolesnika s KOPB i zdravih osoba. Prilican
broj bolesnika ima anemiju sa znacajkama koje odgova-
raju anemiji upale. Medutim, ovo je istrazivanje bilo og-
raniceno malim brojem ispitanika u svakoj podskupini, pa
su stoga potrebna daljnja opseznija istrazivanja s veéim
brojem ispitanika kako bi se objasnio mehanizam razvoja
anemije, odredilo znacenje anemije kao biljega i posred-
nika patofizioloskih dogadaja kod KOPB te kao prognosti-
¢kog ¢imbenika kod bolesnika s KOPB.
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to the presence of inflammation (20). Since pO, values in
COPD patients are lower than the reference interval, alo-
ng with raised concentrations of CRP and leukocytes, the
results of this study comply with this assumption.

This preliminary investigation confirmed the importance
of CRP concentration as a marker of systemic inflamma-
tion in COPD patients as well as the possible association
of an increase in CRP concentration with disease progres-
sion. The cut-off value of 11.86 mg/L, obtained by ROC
analysis, might be an additional biochemical parameter
that could help discriminate between COPD patients and
healthy individuals. An appreciable proportion of patien-
ts have anemia with characteristics corresponding to tho-
se of anemia of inflammation. This study was, however, li-
mited by the small number of subjects in the subgroups
and further more extensive studies in a greater number
of subjects are necessary to elucidate the mechanism of
anemia development, to determine the importance of
anemia as a marker or mediator of pathophysiological
events in COPD, and as a prognostic factor in COPD pa-
tients.
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