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ABSTRACT

INTRODUCTION

Mean platelet volume (MPV) is inversely correlated with inflammation in inflammatory

bowel diseases, rheumatoid arthritis, and ankylosing spondylitis as shown in the previous studies. It has
been reported that elevated values of MPV are associated with cardiovascular diseases and stable chronic
obstructive pulmonary disease (COPD). However, MPV values in acute exacerbation of COPD have not
been investigated so far.

0BJECTIVES  This retrospective study was conducted to investigate the relationships between MPV and
acute phase reactants and functional parameters during COPD exacerbation.

PATIENTS AND METHODS The study included 47 patients with COPD with mild to very severe airway
obstruction and 40 age-matched healthy subjects. C-reactive protein levels and complete blood count
were analyzed and compared in patients during the stable period and during exacerbation of COPD.
RESULTS MPV values were 9.3 1.4 and 8.6 = 1.0 fl during stable period and during acute exacerbation,
respectively. Mean MPV values in the control group were 9.3 +=0.8 fl. MPV values were significantly
lower in patients during acute exacerbation than in those during the stable period of COPD and in control

subjects (both, P <0.001).
CONCLUSIONS

The results suggest that assessment of MPV in COPD exacerbation may indicate systemic

inflammation. Thus, MPV may be used as a negative acute-phase reactant in COPD exacerbation.

INTRODUCTION Chronic obstructive pulmo-
nary disease (COPD) is a major cause of mor-
bidity and mortality in the world and is primar-
ily characterized by the presence of airflow limi-
tation resulting from inflammation and remod-
eling of the airways.! Increasing evidence indi-
cates that COPD is a complex disease involving
more than airflow obstruction.? It has been es-
tablished that stable COPD is associated with
low-grade systemic inflammation as demonstrat-
ed by an increase in blood leukocytes, acute-phase
proteins such as C-reactive protein (CRP), and
inflammatory cytokines.?-> COPD exacerbations
are an important outcome in COPD because pa-
tients with exacerbations have impaired health
status, reduced physical activity, and acceler-
ated decline of lung function. COPD exacerba-
tions are associated with an increase not only

in airway inflammation but also in systemic in-
flammation.5-® Thus, an increase in inflammato-
ry markers, such as blood leukocytes, CRP, eryth-
rocyte sedimentation rate, and inflammatory cy-
tokines, is observed and is most likely associated
with lung function decline.?*

Mean platelet volume (MPV) is one of the plate-
let function indices. It reflects the platelet produc-
tion rate and stimulation.”” MPV is a parameter
generated by routine complete blood count test
that is usually overlooked by clinicians." Previ-
ous studies showed inverse correlations between
MPV and disease activity in inflammatory bow-
el diseases, rheumatoid arthritis, and ankylosing
spondylitis.'”"® Two studies have demonstrated
elevated MPV values in COPD patients."®" How-
ever, to our knowledge, MPV values in acute exac-
erbation have not been investigated so far. Based
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on this background, we sought to evaluate the re-
lationships between MPV and acute-phase reac-
tants and to clarify the decrease of MPV values
during COPD exacerbation.

PATIENTS AND METHODS Study population
We retrospectively enrolled 47 patients with
the diagnosis of COPD exacerbation who were
admitted to our outpatient and emergency clin-
ics at the Pulmonary Diseases Department of
the Baskent University, Faculty of Medicine,
Ankara, Turkey, between the years 2008-2009.
We recorded the follow-up data of the same pa-
tients in the stable period 3 months after an acute
exacerbation. COPD was diagnosed according
to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines, based on past
smoking history, clinical evaluation, and pulmo-
nary function tests, showing irreversible airflow
obstruction.

An exacerbation of COPD was defined as sus-
tained (48 hours or more) worsening of dysp-
nea, cough, or sputum production leading to
an increase in the use of maintenance medica-
tions and/or supplementation with additional
medications.'®'?

Medical history, CRP levels, and complete
blood count of 47 patients with acute COPD ex-
acerbation were recorded. Complete blood count
and CRP measurements were taken at first admin-
istration of medications for exacerbation and be-
fore initiation of any additional therapies such as
systemic corticosteroids, antibiotics (oral/intrave-
nous), and theophylline (intravenous). Diagnosis
of a COPD exacerbation was based on a thorough
review of the signs and symptoms such as sus-
tained worsening of dyspnea, cough, or sputum
production and/or purulence. Three months after
an acute exacerbation, pulmonary function tests
(PFTs), complete blood cell count, and measure-
ment of CRP levels were performed in the same
patients in the stable period of COPD. All patients
with COPD were ex-smokers.

The control group included 40 age-matched
healthy subjects without smoking history (men/
women, 26/14; mean age, 68.7 +9.2 years). Com-
plete blood cell count was also performed in
controls.

In our study population, patients with mild
COPD were taking short-acting ,-agonists and/
or anticholinergic agents, patients with moder-
ate COPD were on inhaled long-acting f8,-agonists
and/or anticholinergic agents, and those with
severe-to-very-severe COPD - additional in-
haled corticosteroids and/or oral theophylline
in the stable period.

Patients with acute exacerbation were treated
depending on disease and exacerbation severity.
B,-agonists, the addition of anticholinergics (or
an increase in dosage), the intravenous admin-
istration of corticosteroids, antibiotic therapy
when indicated, and the intravenous adminis-
tration of methylxanthines such as theophyl-
line were used.

Patients who had another exacerbation in
the 3-month period, patients with hypoxia, acute
and/or chronic pulmonary thromboembolism, ob-
structive sleep apnea, cor pulmonale, coronary
artery disease, connective tissue and inflamma-
tory bowel diseases, and noncompliant patients
were excluded from the study.

Pulmonary function testing A clinical spirome-
ter (SensorMedics Vmax Spectra 229, Bilthoven,
Netherlands) was used for all assesments, and
alaboratory technician demonstrated each respi-
ratory maneuver for each subject before testing.
Patients were instructed to perform forced ex-
pirations until 3 acceptable measurements were
obtained according to the European Respirato-
ry Society criteria.?0?' Each recorded result was
expressed as a percentage of the predicted val-
ue for that parameter. Predicted values were cal-
culated according to the system developed by
Quanjer et al.?? These results were used to de-
fine disease severity according to the GOLD clas-
sification, namely, Stage I (mild): forced expira-
tory volume in 1 second to forced vital capaci-
ty ratio (FEV,/FVC) <70% and FEV, >80% pre-
dicted; Stage II (moderate): FEV,/FVC <70% and
50% <FEV, <80% predicted; Stage III (severe):
FEV,/FVC <70% and 30% <FEV, <50% predict-
ed, Stage IV (very severe): FEV /FVC <70% and
FEV, <30% predicted or FEV, <50% predicted plus
chronic respiratory failure.!

Laboratory measurements Complete blood cell
counts were measured by an automatic blood
counter (A Cell-Dyn 3700, Abbott, [llinois, Unit-
ed States). Blood was collected in potassium-
-ethylenediaminetetraacetic acid tubes and mea-
sured within 1 hour after venipuncture The ex-
pected MPV values in our laboratory ranged be-
tween 7.0 and 12.0 fl.

CRP levels were determined by the immunotur-
bidimetric method. Complete blood cell count and
CRP in patients were recorded both for the sta-
ble period and exacerbation.

All sta-
tistical analyses were assessed using the SPSS
program (SPSS version 15.0; SPSS Inc., Chica-
go, lllinois, United States). The %% Kruskal-Wal-
lis, and Mann-Whitney tests were used to com-
pare the parameters of the patients in the stable
period and in exacerbation and control subjects.
All parameters were expressed as mean values
+ standard deviation. The Pearson’s correlation
analysis was used to investigate the relationship
between the parameters. A P value less than 0.05
was considered statistically significant.

The study was approved by the Institutional
Review Board of the Baskent University. The re-
search protocol complies with the 2000 Declara-
tion of Helsinki.

Statistical analysis and ethical committee

RESULTS The characteristics of patients with
COPD and the results of PFTs and complete blood
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TABLE 1

Demographics, functional parameters, and laboratory results of patients

during the stable period and controls

Parameters COPD patients (n = 47) Control group (n = 40)
age, y 70.6 =10 68.7 =9.2
BMI, kg/m? 26 +4.8 278 +4.6
sex, male/female 37/10 26/14
smoking, pack years 19.5 £7 -

FEV,/FVC 53 =12.7 78.9 +4.8
FEV,, % 545 +24.5 123 +14.2
FEV,. | 1.37 0.7 3.6 +0.7
FVC,% 78.6 =21.5 131.5 +=15.7
FVC, | 2.57 =1 4.6 +0.9

IC, | 1.91 £0.7 4.2 +1.1
Hb, g/l 141 =17 142 =15
hematocrit 0.42 =0.04 0.42 =0.04
WBC count, /ul 7524 +1918 7530 +1727
neutrophil, % 61.3 £7.1 57.4 +£59
platelets, % 103/ul 301 =30 258 +43
MPV, l 93 +1.3 9.3 +0.8
CRP. mg/I 6.7 +4.2 25+24

Data are presented as mean =+ standard deviation.

Abbreviations: BMI — body mass index, COPD — chronic obstructive pulmonary disease,
CRP — C-reactive protein, FEV, — forced expiratory volume in 1 second, FVC — forced vital
capacity, Hb — hemoglobin, IC — inspiratory capacity, MPV — mean platelet volume,

WBC — white blood cell

FIGURE1 Mean
platelet volume (mean *
standard deviation) in
the study population
(stable patients, controls,
and patients with
exacerbation)
Abbreviations:

see TABLE 1
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cell counts are presented in TABLE 1. All COPD pa-
tients were ex-smokers (mean pack years, 19.5
+7.0).

The mean MPV values of COPD patients were
9.3 £1.4 fl in the stable period and 8.6 +1 fl in ex-
acerbation. The mean MPV values of age-matched
controls were 9.3 +0.8 fl. The MPV values of all
groups are presented in FIGURE 1. Mean MPV val-
ues in exacerbation were significantly lower than
those in the stable period or in the control group
(P <0.001, P <0.001, respectively). There was no
statistically significant difference in MPV val-
ues between patients with stable COPD and con-
trols (P = 0.86).

There were no significant correlations be-
tween MPV and platelet count either in patients
with stable COPD or those with exacerbation
(r =-0.13, P = 0.36 and r = -0.20, P = 0.17,

respectively). There was a significant correlation
between the body mass index (BMI) and MPV in
stable COPD (r = 0.31, P = 0.035).

CRP levels and complete blood cell count results
were also assessed in 4 stages according to airflow
limitation (1ABLE 2). There were no significant cor-
relations between CRP and complete blood cell
count and disease severity either in patients with
stable COPD or those with exacerbation.

CRP levels and complete blood cell count were
compared between patients with stable COPD and
those with exacerbation. CRP levels, white blood
cell (WBC) count, and neutrophil percentages
were increased and MPV values were decreased
in patients with exacerbation (TABLE 3).

The mean CRP levels were 6.7 +4.2 in the sta-
ble period and 46.3 +29.2 in COPD exacerbation.
There were statistically significant correlations be-
tween CRP and WBC count and between CRP and
neutrophil percentage in patients with COPD ex-
acerbation (r = 0.45, P = 0.001 and r = 0.29, P =
0.046, respectively; FIGURES 2 and 3).

We observed significant negative correlations
between inspiratory capacity (IC) and CRP lev-
els in the stable period and in exacerbation (r =

-0.48, P = 0.02 and r = -0.54, P = 0.008, respec-
tively; FIGURE 4) although there were no correla-
tions between FEV, (% and 1) and CRP levels dur-
ing a stable and exacerbation period. Moreover,
there were no significant correlations between
FEV, results (% and 1) and WBC count and neu-
trophil percentage in patients with stable COPD
and those with exacerbation.

CRP levels and BMI did not correlate signifi-
cantly either in patients with stable COPD or ex-
acerbation (r =-0.05,P=0.73 and r =-0.06, P =
0.71, respectively).

There was a statistically significant correla-
tion between neutrophil percentage and MPV in
patients with exacerbation (r = -0.4, P = 0.013).
No statistically significant correlations were ob-
served between MPV and FEV, (r = 0.06, P = 0.64)
or between MPV and other PFT results. There
were no correlations between MPV and CRP ei-
ther in patients with stable COPD or exacerba-
tion (r = 0.08, P = 0.58 and r = 0.07, P = 0.68,
respectively).

DISCUSSION COPD should be considered a com-
plex systemic disease involving several organs
and systems (musculoskeletal, cardiovascular,
endocrine) as well as metabolic abnormalities
leading to weight loss.2?® Recent studies have
shown that COPD is associated with low-grade
systemic inflammation including systemic oxida-
tive stress, activation of circulating inflammato-
ry cells, and increased levels of inflammatory cy-
tokines. The levels of inflammatory proteins such
as CRP, fibrinogen, and proinflammatory cytok-
ines are increased in the systemic circulation of
patients with stable COPD.?*%* During exacerba-
tion periods, this inflammatory state becomes
worse and higher levels of interleukin 6, CRP, fi-
brinogen, and lipopolysaccharide-binding protein
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TABLE 2 Complete blood cell count and C-reactive protein during the stable period and during exacerbation according to
the Global Initiative for Chronic Obstructive Lung Disease classification of disease severity

Stage Il Stage Il NENER
(n=18) (n = 16) (n = 6)
Hb, g/ stable 148 =18 141 =17 137 =17 145 +18 0.75
' exacerbation 142 £15 138 £22 140 =17 144 +21.9 0.91
WEC, /ul stable 7922 1271 7589 +2289 7397 +1840 7195 +1873 0.76
M exacerbation 9065 +3132 9744 +4539 9173 +3916 10805 +7105 0.84
) stable 59 +6 63 +6.9 60.6 8.4 59.8 +3.8 0.51
neutrophil, % -
exacerbation 62 =17 66.9 =11.6 67.0 +8.26 68.4 =10.9 0.63
stable 254 +54 272 =103 378 +£50,7 237 £29 0.98
platelets, x 103/ul -
exacerbation 273 =53 270 =98 273 =113 251 =41 0.88
MPV.f stable 8.9 +1.04 9.1+15 9.14 =1.3 9.37 =1.34 0.81
' exacerbation 8.2 +1.1 8.9 +1.02 8.3 £0.7 8.2 +15 0.19
stable 6.2 +4.7 5.9 +4.1 6.2 +4.5 6.0 =45 0.99
CRP, mg/I -
exacerbation 445 +74 38.5 +8.6 59.3 +£8.5 53.8 +£6.9 0.96

Abbreviations: see TABLE 1

TABLE 3 Complete blood count and C-reactive protein during the stable period and during exacerbation

Stable period Exacerbation P

Hb, g/l 141 =17 140 =19 0.6
hematocrit 0.42 +0.04 0.42 +0.05 0.9
WBC, /ul 7524 +1918 9584 +4454 <0.001
neutrophil, % 61.3 £7.1 66.4 =10.3 0.002
platelet, x 10%/ul 301 =30 269 +91 0.479
MPV, fl 9.3 +1.3 8.5 +1.03 <0.001
CRP, mg/I 6.7 +4.2 46.3 +29.2 <0.001

Abbreviations: see TABLE 1

have been demonstrated, decreasing again dur-
ing recovery.?%%6

MPYV is one of the most widely used surrogate
markers of the platelet function and has been
shown to reflect inflammatory burden in differ-
ent chronic diseases.'?'> Overproduction of proin-
flammatory cytokines and acute-phase reactants
can suppress the size of platelets by interfering
with megakaryopoiesis and a subsequent release
of small-size platelets from the bone marrow.?”’
Moreover, Becchi et al.?® also found a negative
MPV trend in sepsis. However, to our knowledge,
MPV values in acute COPD exacerbation have not
been assessed before our study. We observed that
MPV decreased during COPD exacerbation com-
pared with the stable period and the control group
while serum leukocyte count and neutrophil per-
centage were increased. Moreover, a negative cor-
relation betweeen MPV and neutrophil percent-
age was observed indicating increased systemic
inflammation during COPD exacerbation. There-
fore, we suggest that decreased MPV values could
predict acute exacerbation of COPD similarly to
other inflammatory markers.

MPV can also potentially provide useful clini-
cal data and thus be incorporated in the risk as-
sessment algorithm for venous thromboembo-
lism and arterial thrombosis.?®30 Larger platelets
are probably younger, more reactive, and produce

more thrombogenic factors.’' Elevated MPV val-
ues have been associated with cardiovascular dis-
eases, although a recent study showed no corre-
lation between MPV and coronary artery dis-
ease.’”% Bansal et al.’ reported that MPV val-
ues were significantly higher in 100 patients with
COPD compared with 100 healthy subjects, which
could be due to hypoxia causing bone marrow
stimulation or increased sequestration of small-
er platelets with larger platelets remaining in
the circulation. Onder et al.'” reported the ef-
fect of hypoxia on thrombocytes in COPD pa-
tients and found that MPV values were signifi-
cantly increased in hypoxic patients with COPD
compared with nonhypoxic subjects and controls.
Biljak et al.’” found that 109 patients with COPD
in the stable period had significantly increased
platelet count and reduced MPV compared with
51 healthy controls. However, the groups were
not matched for age and had a different smok-
ing status.

The above 3 studies in patients with COPD did
not evaluate MPV values during acute COPD ex-
acerbation.'®"737 In our study, MPV values in pa-
tients with stable COPD were also higher than
those in the control group, and MPV values of the
patients with stage IV COPD during the stable pe-
riod were the highest; however, these results did
not achieve statistical significance. These results
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FIGURE 2 C-reactive
protein levels and white
blood cell count during
exacerbation
Abbreviations see TABLE 1

FIGURE 3 C-reactive
protein levels and
neutrophil percentage
during exacerbation
Abbreviations see TABLE 1

FIGURE 4 C-reactive
protein levels and
inspiratory capacity
during the stable period
Abbreviations: see TABLE 1
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might be due to the small sample size, lower num-
ber of patients at stage IV, and strict patient se-
lection criteria as we excluded patients with hy-
poxia, acute or chronic pulmonary thromboem-
bolism, and cardiovascular diseases.

CRP is an acute-phase protein synthesized pre-
dominantly by hepatocytes in response to tissue
damage or inflammation. It reflects the total sys-
temic burden of inflammation of individuals and
has been shown to be increased in COPD in stable
condition and during exacerbation.?*38-401n line
with the available data, the mean CRP levels of our
patients with exacerbation were increased, and
statistically significant correlations between CRP
levels and WBC count and between CRP levels and
neutrophil percentage during exacerbation were
revealed.? On the other hand, we did not observe

a correlation between MPV values and CRP lev-
els either in patients with stable COPD or exac-
erbation, which might be attributed to the base-
line increase in CRP levels, high MPV levels in
the stable period, and small sample size.

In the previous cross-sectional studies, CRP
has been observed to be associated with FEV,, but
no association with a progressive decline in FEV,
has been reported in longitudinal studies.*! Den-
tener et al.?® also did not find any correlations be-
tween CRP levels and lung function in patients
with stable COPD. We did not observe a corre-
lation between CRP levels in stable COPD and
during exacerbation and FEV, in the stable pe-
riod, and due to the limitation of this retrospec-
tive study we could not obtain PFT results in pa-
tients with COPD exacerbation so we were un-
able to analyze the association between FEV, de-
cline and CRP levels. Torres et al.*? reported that
CRP levels correlated independently with other
important prognostic clinical variables such as
IC/total lung capacity (TLC) in stable COPD, but
they did not investigate the association between
IC and CRP levels.*? They were the first to report
an inverse correlation between lung hyperinfla-
tion as determined by the IC/TLC ratio and cir-
culating CRP levels. In our study, IC in the stable
period was negatively correlated with CRP lev-
els in patients with stable COPD and with exac-
erbation. This result confirms the existing data
supporting the fact that when lung function de-
teriorates, CRP levels increase.***>* MPV was not
correlated with PFT results — either FEV, or IC.
Moreover, MPV values were not significantly dif-
ferent between the stages of COPD in our study,
which is in line with the results of Biljak et al.%’
These findings suggest that MPV could be used
as an inflammatory marker in exacerbations in-
dependently from disease severity. Further pro-
spective follow-up studies on a larger number of
subjects are needed to investigate these relation-
ships and validate the findings.

CRP levels have been significantly higher in
COPD patients with low BMI in the previous stud-
ies.*8# In the present study, CRP was not cor-
related with BMI because of the differences in
the study population as we included more pa-
tients with mild obstruction and fewer patients
with severe and very severe obstruction, and
the mean BMI of our patients was higher than
that of the patients in other studies. On the oth-
er hand, we observed a correlation between MPV
and BMI in the stable period. Although this posi-
tive correlation was previously demonstrated in
different patient populations,*®-5' we are the first
to report it in patients with COPD. Thus, we as-
sumed that decreased MPV values might indi-
cate malnutrition and increased inflammatory
response in COPD. The correlation between BMI
and MPV in COPD will have to be confirmed in
further studies.

In conclusion, our results suggest that de-
creased MPV values might indicate increased sys-
temic inflammation during COPD exacerbation.
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Therefore, MPV could be used as a negative
acute-phase reactant in acute COPD exacerba-
tion. Measurement of changes in MPV values
during follow-up may be considered as a quick
and reliable tool in the assessment of inflamma-
tory response.
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STRESZCZENIE

wPROWADZENIE  Srednia objetosé ptytek krwi (mean platelet volume — MPV) jest zalezna w sposcb
odwrotnie proporcjonalny od stopnia intensywnos$ci procesu zapalnego w chorobach zapalnych jelit,
reumatoidalnym zapaleniu stawdw i zesztywniajgcym zapaleniu stawéw kregostupa, jak donosza
dotychczasowe badania. Wykazano, ze zwiekszone warto$ci MPV wiazg sie z chorobami sercowo-
-naczyniowymi i stabilng faza przewlekiej obturacyjnej choroby ptuc (POChP). Nie badano dotad MPV
w zaostrzeniu POChP.

CELE  To badanie retrospektywne miato na celu przesledzenie zwigzku miedzy MPV a wskaznikami ostrej
fazy i parametrami funkcjonalnymi podczas zaostrzenia POChP.

PACJENCI I METODY Do badania zakwalifikowano 47 pacjentéw z POChP o obturacji drég oddechowych
od tagodnej do bardzo cigzkiej oraz 40 zdrowych ochotnikéw w podobnym wieku. Przeanalizowano
stezenie biatka C-reaktywnego oraz morfologie krwi i poréwnano oba parametry u pacjentéw z POChP
w fazie stabilnej i w zaostrzeniu choroby.

wynikl - Warto$ci MPV wynosity odpowiednio 9,3 +1,4 fl w okresie stabilnym i 8,6 +1,0 fl w czasie
zaostrzenia POChP. Srednie wartosci MPV w grupie kontrolnej wynosity 9,3 0,8 fl. Wartosci MPV byty
znamiennie nizsze u pacjentéw z POChP podczas zaostrzenia niz u os6b w stabilnym okresie choroby
i u 0séb z grupy kontrolnej (dla obu poréwnan p <0,001).

wnioski  Wyniki badania wskazuja, ze ocena warto$ci MPV w czasie zaostrzenia POChP moze wska-
zywac na ogdlnoustrojowy proces zapalny. Z tego powodu MPV moze by¢ uwazana za ujemny wskaznik
ostrej fazy podczas zaostrzenia POChP.
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