§ sciendo

J Med Biochem 2019; 38 (4)

DOI: 10.2478/jomb-2018-0050

UDK 577.1 : 61

J Med Biochem 38: 503-511, 2019

ISSN 1452-8258

Original paper
Originalni nau¢ni rad

SERUM BIOMARKERS IN PATIENTS WITH STABLE AND ACUTE EXACERBATION
OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE: A COMPARATIVE STUDY

SERUMSKI BIOMARKERI KOD PACIJENATA SA STABILNIM | AKUTNIM POGORSANJEM
HRONICNE OPSTRUKTIVNE PLUCNE BOLESTI: KOMPARATIVNA STUDIJA

Fiisun Sahin, Ayse Filiz Kogar, Ayse Feyza Aslan, Burcu Yigitbas, Berat Uslu

Department of Chest Diseases, University of Health Sciences/Yedikule Chest Disease
and Thoracic Surgery Health Practice and Research Center, Istanbul, Turkey

Summary

Background: Mean platelet volume (MPV), neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) have all been investigated as novel inflammatory
markers of cardiac and oncological diseases, while there is
only a limited number of studies investigating these markers
in chronic obstructive pulmonary disease (COPD). In the
present study we examine NLR, PLR; and other markers,
such as eosinophil, MPV, plateletcrit (PCT), platelet
distribution width (PDW), red cell distribution width (RDW),
and C-reactive protein (CRP) in patients with stable and
acute exacerbation of COPD.

Methods: Stable COPD (Group 1, n=140), COPD with
acute exacerbation (Group 2, n=110), and healthy controls
(Group 3, n=50) were included in the study. Leukocyte,
CRR hemoglobin (HB), RDW, platelet, MPV, PCT, PDW,
neutrophil, lymphocyte, eosinophil, NLR, and PLR were
analyzed in all groups.

Results: HB, leukocyte, platelet, neutrophil, eosinophil,
MPV, PCT, CRR NLR, and PLR were significantly higher,
while the lymphocyte was lower in Group 1 than in Group
3. Leukocyte, neutrophil, RDW, CRP NLR, and PLR were
significantly higher, while lymphocyte was lower in Group 2
than in Group 3. Leukocyte, neutrophil, RDW, CRP NLR,
and PLR were significantly higher, while HB, platelet, MPV,
PCT, and lymphocyte were significantly lower in Group 2
than in Group 1. NLR and PLR increased significantly in
patients with bronchiectasis when compared to those
without in Group 1.
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Kratak sadrzaj

Uvod: Srednji nivo trombocita (MPV), odnos neutrofila i
limfocita (NLR) i odnos trombocita i limfocita (PLR) su
istrazeni kao novi zapaljenski markeri sréanih i onkoloskih
bolesti. Medutim, postoji ograni¢en broj studija koje istra-
zuju ove markere u hroni¢noj opstruktivnoj bolesti pluc¢a
(HOBP). Cilj je bio da se ispitaju NLR, PLR i drugi markeri
kao $to su eozinofili, MPV, trombociti (PCT), Sirina Sirenja
trombocita (PDW), Sirina distribucije eritrocita (RDW), C-
reaktivni protein (CRP) kod pacijenata sa stabilnim i
akutnim pogorsanje HOBP.

Metode: Ispitivani su stabilna HOBP (grupa 1, n = 140),
HOBP sa napadom (grupa 2, n = 110), i zdrave kontrole
(grupa 3, n = 50). U svim grupama analizirani su leukociti,
CRP, hemoglobin (Hb), RDW, trombociti, MPV, PCT, PDW,
neutrofili, limfociti, eozinofili, NLR, PLR.

Rezultati: Hb, leukociti, trombociti, neutrofili, eozinofili,
MPV, PCT, CRP NLR, PLR bili su zna¢ajno vedi, dok su
limfociti bili manji u grupi 1 nego u grupi 3. Leukociti,
neutrofili, RDW, CRP. NLR, PLR bili su znatno visi, dok su
limfociti bili bio nizi u grupi 2 nego u grupi 3. Leukociti,
neutorfili, RDW, CRP NLR, PLR bili su znatno vi$i, dok su
Hb, trombociti, MPV, PCT, limfociti bili znatno niZi u grupi
2 nego u grupi 1. NLR i PLR bili su znadajno povedani kod
pacijenata sa bronhiektazom u poredenju sa onima koji
nisu u grupi 1.

Zakljuéak: Nasi rezultati istraZivanja ukazuju na to da su
NLR, PLR i RDW jednostavni i isplativi markeri za procenu
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Conclusions: Our study results suggest that NLR, PLR and
RDW can be used as simple and cost-effective markers for
the evaluation of severity of exacerbation and for predicting
hospitalization and further exacerbations in patients with
COPD.

Keywords: COPD, neutrophil/lymphocyte ratio, platelet/
lymphocyte ratio, inflammatory biomarkers

Introduction

Chronic obstructive pulmonary disease (COPD),
which is characterized by a chronic inflammatory
response of the airways and lungs to noxious gas and
particles along with progressive and irreversible air-
flow limitation, is a preventable and treatable con-
dition (1). Although the underlying mechanism is still
unclear, mild systemic inflammation has been
blamed, and leukocyte and C-reactive protein (CRP)
are used to evaluate inflammation. There is a proven
correlation between these markers and airflow limi-
tation and disease severity (forced expiratory volume
in one second [FEV1], forced vital capacity [FVC],
inspiratory capacity/total lung capacity [IC/TLC],
Global Initiative for Chronic Obstructive Lung Disease
[GOLD] stages, and Body Mass Index (BMI), and
Airflow Obstruction, Dyspnea, and Exercise Capacity
[BODE] Index) (2).

Pulmonary inflammation results in the entry of
cytokines including tumor necrosis factor-alpha (TNF-
a), interleukin (IL)-1, IL-6, and IL-8 into the systemic
circulation, leading to such increased acute phase
proteins as CRP fibrinogen, serum amyloid A, and
surfactant protein D (3). This increase is more pro-
minent during exacerbations (4). In COPD exa-
cerbations, tracheobronchial infections account for
50-70% of cases (bacterial causatives 40-50%, viral
causatives 30-40%, and atypical bacterial causatives
5-10%), while air pollution accounts for 10% of
cases; however, the etiology remains unknown in
about 30% of cases (5). In such cases, the afo-
rementioned markers are useful for identifying and
evaluating exacerbation severity. Leukocyte count and
CRR as inflammatory markers in the blood increase
during exacerbations, although the use of these
markers is limited in the differential diagnosis of
infectious and non-infectious exacerbations (6).

In recent years, mean platelet volume (MPYV),
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) have been investigated as
novel inflammatory markers of cardiac and on-
cological diseases (7, 8). These markers have been
shown also to increase significantly in patients with
lung cancer and pulmonary embolism (9, 10), although
there is a limited number of studies investigating
these markers in COPD patients with acute exa-
cerbation (11, 12). In the present study, we examine
the role of inflammatory and biomarkers [such as

ozbiljnosti pogor$anja i predvidanija za hospitalizaciju i dalju
procenu pogorsanja kod pacijenata sa HOBP,

Kljuéne reéi: HOBP odnos neutrofila/limfocita, odnos
trombocita/limfocita, biomarkeri zapaljenja

leukocyte, eosinophil, CRR NLR, PLR, MPV, platelet-
crit (PCT), platelet distribution width (PDW) and
additionally hemoglobin (Hb), and red cell distri-
bution width (RDW)] in patients with stable and acute
exacerbation of chronic obstructive pulmonary

disease (COPD).

Materials and Methods
Study Population

Between January 2016 and December 2017, a
total of 140 patients with stable COPD (Group 1),
110 patients with an acute exacerbation of COPD
(Group 2), and 50 healthy controls (Group 3) were
included in the study. The diagnosis of COPD was
based on the GOLD criteria (a compatible history and
spirometry, a post bronchodilator FEV1/forced vital
capacity ratio of 70%, or less, and an FEV1 and
forced vital capacity ratio of 70%, or less) (1). An
acute exacerbation of COPD was defined as follows:
increased dyspnea and decreased performance in
daily activities, altered amount and color of sputum,
increased coughing, pyrexia and/or altered mental
status (13). Patients with hematological or renal
disease, hepatic impairment; those with active
bleeding; those with a history of blood transfusion in
the preceding 3 months; those experiencing a
pulmonary embolism in the last month; those with
acute myocardial infarction or cerebrovascular
disease; those with a history of myeloproliferative
disease; those with an autoimmune disease; and
those with any other form of cancer were excluded
from the study. Information the data of retrospective
patients was obtained from hospital records, and
prespective patients’ data was also recorded. This
prospective and retrospective observational, analytical
cohort study was conducted in accordance with the
ethical principles for clinical research based on
the Declaration of Helsinki. The study was approved
by the institutional review board and written informed
consent was obtained from all prospective study
participants.

Laboratory Measurements

The leukocyte count, CRP HB, RDW, platelet
(PLT) count, eosinophil, MPV, PCT, PDW, neutrophil
and lymphocyte counts, NLR, and PLR were analyzed
in all groups. The results of the patient group were
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compared with the healthy controls. Full blood counts
were carried out using ABX Pentra 120 (Minnesota,
USA); CRP with Olympus AU2700 Plus, Beckman
Coulter (Tokyo, Japan) devices in the groups. NLR
was calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count. PLR was
calculated by dividing the absolute PLT count by the
absolute lymphocyte count.

Statistical Analysis

All statistical analyses were performed using the
SPSS 16.0 statistical software package (SPSS Inc.,
Chicago, IL, USA). The measurements of all COPD
patients included in the study were compared with
the values of in the healthy control group. One-way
analysis of variance (ANOVA) and multiple com-
parisons were used to analyze the differences

between the groups (a Scheffe’s test for normal
variance and a Games-Howell test for abnormal
variance). Chi-square and independent group t-tests
were used to compare the NLR and PLR values of
patients with bronchiectasis and stable and acute
exacerbations of COPD. Receiver operating chara-
cteristic (ROC) curve analysis was used to calculate
the sensitivity and specificity of NLR, PLR, CRP RDW,
MPV and PCT to detecting COPD patients with acute
exacerbation. A p value of <0.05 was considered
statistically significant.

Results

The platelet, leukocyte, eosinophil and neutro-
phil counts, HB, MPV, PCT, NLR, PLR, and CRP
values were significantly higher, while the lymphocyte
count was lower in patients with stable COPD when

Table | Characteristics and laboratory outcomes of the groups.

(Eflflp’l 3) (Er:()l',l&g) arZuEOB) Group 1-2 Group 1-3 Group 2-3

Mean (SD) Mean (SD) Mean (SD) p value p value p value
Age 62.98 (10.72) 64.72 (9.07) 61.82 (8.99) 0.38 0.73 0.29
Sex, F/M 20/90 30/110 5/45 0.09 0.17 0.15
HB, g/d 14.16 (1.69) 13.58 (2.03) 13.44 (0.91) 0.04* 0.001* 0.80
RDW, % 13.70 (1.36) 15.19 (2.627) 13.74 (1.85) <0.001* 0.98 <0.001*
WBC, n/L 9237 (2297) 13559 (9505) 7100 (1313) < 0.001* < 0.001* < 0.001*
Neutrophil, uL 5908 (1993) 9922 (4955) 3595 (768) < 0.001* < 0.001* < 0.0010
Lymphocyte, L 2425 (940) 1734 (1338) 2924 (811) < 0.001* 0.01* < 0.001*
Eosinophil (%) 3.21 (3.89) 2.36 (2.45) 2.26 (1.11) 0.10 0.03* 0.97
PLT, x103/uL | 256920 (72749) | 240612 (82228) | 232900 (37186) 0.23 0.01* 0.69
PDW, % 15.99 (0.85) 16.59 (9.29) 14.77 (1.95) 0.68 0.40 0.15
MPV, fL 9.56 (1.37) 8.56 (1.07) 8.79 (0.70) < 0.001* < 0.001* 0.23
PCT, % 0.24 (0.06) 0.20 (0.07) 0.21 (0.04) < 0.001* 0.01* 0.34
NLR 2.79 (1.65) 8.51 (8.70) 1.31 (0.46) < 0.001* < 0.001* < 0.001*
PLR 120.98 (61.63) 189.99 (138.29) 84.86 (23.97) < 0.001* < 0.001* < 0.001*
CRP mg/L 14.97 (27.80) 85.33 (86.67) 2.38 (1.95) < 0.001* < 0.001* < 0.001*

*Significant value (p <0.05). SD, Standard Deviation. COPD, Chronic obstructive pulmonary disease; CRP C-reactive protein;
Group 1, COPD with stable; Group 2, COPD with acute exacerbation; Group 3, Healthy control; F/M, Female/Male; HB,
Haemoglobin; MPV, Mean platelet volume; NLR, Neutrophil/lymphocyte ratio; PLT, Platelet; PDW, Platelet distribution width; PCT,
Plateletcrit; PLR, Platelet/lymphocyte ratio; RDW, Red cell distribution width; WBC, White blood cell.
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compared to the healthy controls (p<0.05, Table /),
while no significant difference in PDW and RDW was
noted between the groups (p>0.05, Table ). The
leukocyte and neutrophil counts, CRE RDW, NLR,
and PLR values were significantly higher, while the
lymphocyte count was lower in patients with acute

Table Il NLR and PLR values in the presence and absence
of bronchiectasis in COPD patients.

Group 1
Bronchiectasis | Mean (SD) p value

NLR No 2.66 (1.38) 0.009*
Yes (n=16) 3.8(2.9)

PLR No 113.49 (49.88) <0.001*
Yes (n=16) 178.52 (103.51)

Group 2
Bronchiectasis | Mean (SD) p value

NLR No 8.08 (7.96) 0.449
Yes (n=35) 9.44 (10.19)

PLR No 183.93 (128.75) | 0.499
Yes (n=35) 203.13 (158.27)

*Significant value (p < 0.05). SD, Standard Deviation.

COPD, Chronic obstructive pulmonary disease; Group1,
COPD with stable; Group2, COPD with acute exacerbation.
NLR, Neutrophil/lymphocyte ratio; PLR, Platelet/lymphocyte
ratio.

exacerbation of COPD when compared to the healthy
controls (p<0.05, Table I), while there was no
significant difference in the platelet, eosinophil, HB,
MPV, PDW, and PCT values between the groups
(p>0.05, Table I). The leukocyte and neutrophil
counts, CRP RDW, NLR, and PLR values were
significantly higher, while lymphocyte count, platelet,
HB, MPV and PCT values were significantly lower in
patients with acute exacerbation of COPD when
compared to the patients with stable COPD (p<0.05,
Table 1). However, there was no significant difference
in the eosinophil and PDW values between the groups
(p>0.05, Table I). Bronchiectasis was seen in 16
patients in the patients with stable COPD and in 35
patients with acute exacerbation of COPD. The NLR
and PLR values were significantly increased in
patients with bronchiectasis when compared to those
without among the stable COPD patients (p<0.05,
Table II). Although the NLR and PLR values were
higher in patients with bronchiectasis when compared
to those without among the patients with acute
exacerbation of COPD, the increase did not reach
statistical significance (p>0.05, Table Il).

ROC curve analysis was performed for the NLR
and PLR values to detect COPD patients with an
acute exacerbation. The best NLR cut-off value was
defined as 2.84, for which the sensitivity was 80%
and the specificity was 74% (Table I, Figure 1A). The
best PLR cut-off value was defined as 112.23, for
which the sensitivity was 72% and the specificity was
63% (Table Ill, Figure 1B). The best CRP cut-off value
was defined as 11.60, for which the sensitivity was
83% and the specificity was 82% (Table Ill, Figure
2A). The best RDW cut-off value was defined as
13.85, for which the sensitivity was 66% and the
specificity was 65% (Table Ill, Figure 2B).

Table 11l The sensitivity, specificity and cut-off values of NLR, PLR, CRP and RDW in detecting COPD with acute exacerbation.

Value Sensitivity % Specificity % AUC 95% ClI p value
NLR 2.84 80* 74* 0.84 0.81-0.90 <0.0001**
PLR 112.23 72% 63* 0.75 0.68-0.80 <0.0001**
CRP 11.60 83* 82* 0.89 0.84-0.93 <0.0001**
RDW 13.85 66 65 0.69 0.62-0.77 <0.0001

***The best sensitivity and specificity values (cut-off point). **Significant value (p < 0.001).

AUC, Area Under the Curve; Cl, Confidence Interval; CRP C-reactive protein; NLR, neutrophil/lymphocyte ratio; PLR,

platelet/lymphocyte ratio; RDW, red cell distribution width.
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Figure 1 A) ROC curve for using NLR (neutrophil/lymphocyte ratio) levels and AUC value (area under the curve) in the differential
diagnosis of Group 1 (COPD patients with stable) and Group 2 (COPD patients with exacerbation). B) ROC curve for using PLR
(platelet/lymphocyte ratio) levels and AUC value in the differential diagnosis of Group 1 and Group 2.
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Figure 2 A) ROC curve for using CRP (C-reactive protein) levels and AUC value (area under the curve) in the differential diagnosis
of Group 1 (COPD patients with stable) and Group 2 (COPD patients with exacerbation). B) ROC curve for using RDW (red cell
distribution width) levels and AUC value in the differential diagnosis of Group 1 and Group 2.

Discussion

COPD is considered a systemic disease that is
associated with independent risk factors such as
diabetes, hypertension, and cardiovascular diseases
that have tended to increase in recent years (14).
Since the early 2000s, several studies associating
COPD with systemic extra pulmonary diseases (i.e.,
systemic inflammation and comorbidities) had been
published (3, 15-17). The proposed mechanism of
such comorbidities in COPD includes hypoxia,
oxidative stress, and systemic inflammation (18), and
so it can be expected that systemic inflammatory
markers will increase in COPD patients when
compared to healthy individuals. There have been
several studies showing that inflammatory markers

such as CRP fibrinogen, IL-6, IL-8, and TNF-a
increase in patients with COPD and even in patients
with stable COPD when compared to healthy
individuals, and that the increased levels of these
markers are associated with acute exacerbation and
mortality (2, 4, 15).

Serum leukocyte count is another marker of
inflammation. As a compensatory mechanism for the
control of infective presentation, certain cytokines
such as IL-8 released by macrophages, which are the
first-line defense mechanism against infections,
stimulate hematopoiesis, thereby increasing serum
leukocyte counts (19). Given the correlation between
the severity of infection and leukocyte count, previous
studies have stated that an elevated serum leukocyte
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count is directly associated with the increased fre-
quency and severity of exacerbations in COPD
patients (20, 21), and in addition, increased leuko-
cyte and neutrophil counts are significantly associated
with mortality (22). Similarly, in the present study,
increased leukocyte and neutrophil counts were
noted in the hospitalized patients with acute exacer-
bation of COPD when compared to stable patients.

CRP is one of the most commonly used
inflammatory markers in clinical practice. Previous
studies have identified higher serum CRP values in
stable COPD patients than in healthy individuals (23,
24). In severe COPD patients, CRP values have also
been found to be elevated, more than in mild-to-
moderate patients (24, 25). Consistent with literature,
we observed in the present study that CRP values
were higher in patients with acute exacerbation of
COPD than in the stable patients or healthy controls
and higher also in the stable patients than in the
healthy controls.

Although the effect of lymphocytopenia on
chronic inflammatory diseases is not precisely known,
it has been associated with poor prognosis in acute
inflammatory diseases such as sepsis or bacteremia
(26). In addition, lymphocytopenia has been
associated with all-cause mortality in COPD patients
(27, 28). In the present study, we also identified a
lower lymphocyte count in patients with acute
exacerbation of COPD than in the stable patients or
the healthy controls and lower also in the stable
patients than in the healthy controls.

Platelets modulate inflammatory response.
Thrombocytosis is used as a marker of acute phase
reaction and in recent years, thrombocytosis has also
been considered a prognostic marker for H1N1 influ-
enza, community-acquired pneumonia, disseminated
intravascular coagulation, sepsis, vitamin deficiencies,
drug-induced toxicity and several pathophysiological
disorders (29-31). Although there are only a limited
number of studies on platelet counts in COPD patients,
thrombocytopenia has been reported in COPD patients
with acute exacerbation and has been associated with
poor prognosis and increased mortality (32). Consis-
tent with these findings, we also found lower platelet
counts in the COPD patients with acute exacerbation
than in the stable patients.

MPV, as an indicator of platelet activation, is
another inflammatory marker. PCT is accepted as an
indicator of circulating platelets in one unit volume of
blood. In a previous study, MPV was shown to reduce
during acute exacerbation of COPD (33). In several
studies conducted in Turkey, MPV decreased signifi-
cantly in patients with acute exacerbation of COPD
when compared to stable patients (27, 34). In the
present study, we also found that both MPV and PCT
decreased significantly in the patients with acute
exacerbation of COPD when compared to table
patients.

It has been demonstrated that NLR is superior to
neutrophil count alone, as an inflammatory marker,
and to lymphocytopenia alone, which indicates
impaired immunity and a deteriorated health con-
dition, for the evaluation of the severity of COPD (12).
NLR is a simple and cost-effective marker that does
not require additional laboratory workup (35) that in
recent years has been widely used in several con-
ditions in clinical practice. In a study, NLR was
identified as a highly-sensitive marker predicting and
identifying mortality in patients with community-
acquired pneumonia (36). In another study, NLR was
found to be superior to CRP and neutrophil and to
leukocyte counts alone, in identifying bacteremia in
an emergency setting (37). Similarly, NLR was seen to
increase in patients with advanced lung cancer and
was found useful for the evaluation of disease severity
and prognosis (38). In another prospective study
staged in Korea, NLR was significantly higher in
patients with acute exacerbation of COPD than in
stable patients and a cut-off value of >2.8 was shown
to be a useful marker when predicting COPD-related
hospitalization (11). In another Korean study, as NLR
increased, airway narrowing increased, highlighting
NLR as a prognostic marker in predicting further
COPD exacerbations (12). In a study carried out in
Turkey, NLR was found to have a high prognostic
value, similar to CRP for acute exacerbations of
COPD, and demonstrated higher sensitivity and spe-
cificity than PLR (35). Karadeniz et al. (34) reported
higher PLR values in patients with acute exacerbation
of COPD than in stable patients, suggesting that
higher PLR was associated with low FEV1. In a study
carried out in Turkey, a NLR value of >4.50 was
found to be associated with an increased risk for re-
admission due to exacerbation within a month in
patients with acute exacerbation of COPD, and the
authors concluded that increased NLR values might
be useful in predicting further exacerbations in COPD
patients (39). In the present study, we also found
statistically significantly higher NLR and PLR values in
patients with acute exacerbation of COPD than in
stable patients and healthy controls. In addition, a
NLR cut-off of >2.84 was noted in patients
hospitalized due to acute exacerbation of COPD with
a higher sensitivity and specificity than PLR.

The results of studies on serum eosinophil count
in the event of an acute exacerbation were different.
In one study, eosinophilia was reported also in
patients with stable COPD as well as in the event of
an acute exacerbation (40). Another study identified
a significant relationship between eosinopenia and
duration of hospitalization, the need for mechanical
ventilation, hospital death, re-hospitalization and
mortality within 30 days after discharge in COPD
patients with acute exacerbation (41). In the present
study, it was observed that the serum eosinophil count
did not change in COPD patients with acute
exacerbation.
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In one study, an increased RDW was found to be
compatible with previous studies reporting a corr-
elation between RDW and stable COPD severity (42).
In another study increased RDW was reported as an
independent negative prognostic factor associated
with adverse outcomes after hospitalization due to
acute exacerbation of COPD (43). We also found
higher RDW levels in COPD patients with acute
exacerbation than in stable patients in the present
study.

No studies were found in literature reporting
these markers (especially NLR and PLR) in COPD
patients with bronchiectasis, although a limited
number of studies reporting on bronchiectasis alone
were found involving adult and child patients. In one
such study, it was reported that CRP (not NLR) was
the best marker in a new scoring system measuring
the severity of systemic inflammation in patients with
stable bronchiectasis (44). In a study of child patients
with bronchiectasis, it was concluded that leukocyte
count, platelet count, absolute neutrophil count,
and NLR could be used to show chronic inflammation
in bronchiectasis, but that only NLR and absolute
neutrophil count could be used as biomarkers to
show acute exacerbations (45). In the present study,
NLR and PLR values were higher only in stable
COPD patients with bronchiectasis than those without
bronchiectasis.

There were some limitations to the present
study. Firstly, the study was both retrospective and
prospective. PFT (pulmonary function test) was
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