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Infective Exacerbations of Chronic Obstructive 
Pulmonary Disease with or without Pneumonia 

Sami Deniz1, Mustafa Hikmet Özhan2

Abstract

Objective: It was aimed to evaluate the relation between the presence of pneumonia and clinical, demographic and biochemical data of 
patients with a diagnosis of Chronic Obstructive Pulmonary Disease (COPD) during exacerbation in case-control groups.

Methods: The present study, which was designed as a prospective study, included COPD cases with or without pneumonia diagnosis, hospi-
talized between 2007 and 2008 in a tertiary chest diseases clinic for acute exacerbation. Patients that were diagnosed with pneumonia based 
on clinical and radiological findings at the time of hospitalization were assigned to the pneumonic exacerbation (PE) group and the cases 
without significant infiltration were assigned to the non-pneumonic exacerbation (n-PE) group. All patients were investigated in terms of 
demographic and biochemical data, as well as pulmonary function tests and time to exacerbation. Data were compared using chi-square 
test for categorical variables and student t-test for parametric variables, and a p <0.05 was considered significant. Relation between variables 
was analysed by Pearson correlation test.

Results: The study included 30 patients (23 males and 7 females; mean age±SD:69±7 years) with signs of exacerbation without pneumonia 
and 30 COPD patients (23 males and 7 females; mean age±SD:69±9 years) with a diagnosis of pneumonia. No difference was determined 
between the groups in terms of age, gender, presence of diabetes, number of annual exacerbations, and previous antibiotic use. The amount 
of cigarette smoking (59±36 pack.year versus 38±37 pack.year; p<0.05) was higher and disease duration (COPD) (15±11 years versus 7.7±8 
years; p<0.05) was longer in the exacerbation group without pneumonia. Among laboratory findings, whilst there was no difference between 
the groups in terms of C-reactive protein (CRP), lactate dehydrogenase (LDH) and leukocyte counts, it was observed that forced expiratory 
volume in 1 second (FEV1) (33.5±10% versus 55±19%; p<0.05 ) was lower in the exacerbation group without pneumonia.

Conclusion: It is concluded that COPD patients who were more serious cigarette addicts, had a lower forced expiratory volume in 1 second 
(FEV1) and a longer disease duration are more prone to exacerbations without pneumonia.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD), which is defined as a common preventable and treat-
able disease, is characterized by generally progressive persistent airflow limitation associated with an 
intense chronic inflammatory response against harmful particles or gases in the airways and lungs 
(1). Chronic obstructive pulmonary disease is one of the leading causes of morbidity and mortality 
all over the world and it has become an increasing socioeconomic burden (2). In the European Union, 
respiratory diseases account for 6% of overall health budget, of which 56% has been reported to be 
COPD-related cost (3). In the United States of America, the direct cost of COPD is estimated to be 29.5 
billion dollars, whereas the indirect cost is estimated to be 20.4 billion dollars. COPD exacerbations 
account for the great majority of overall chronic obstructive pulmonary disease-related burden and 
costs increase as the stage of disease increases (4).
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It is known that exacerbations of chronic obstructive pulmonary dis-
ease accelerate the annual reduction in pulmonary functions (5). Low 
FEV1 is one of the important risk factors in COPD exacerbations. COPD 
exacerbation accelerates the decrease in FEV1. In addition to infec-
tions, exposure to air pollution and harmful particles may also cause 
exacerbations. The cause of exacerbation cannot be determined in 
one third of the cases (6). Although there are several causes of COPD 
exacerbations, it is assumed that the most common causes are viral or 
bacterial respiratory tract infections. In bronchoscopy studies, bacte-
ria were detected in the lower airways during COPD exacerbations in 
half of the patients (7). Even though this bacterial colonization is seen 
in the stable phase of the disease, it is thought that newly acquired 
bacterial strains may cause COPD exacerbation (8). Whatever the rea-
son is COPD exacerbations, particularly those having indication for 
hospitalization, are associated with high mortality and have a high 
socio-economic cost (9). 

When patients with COPD develop pneumonia, CRP level is elevated 
due to inflammation. Furthermore, increased CRP levels and statisti-
cally significant decrease after treatment was determined in almost 
all cases, in which bacterial pathogens have been isolated during 
COPD exacerbation (10). 

The effect of bacterial burden and pneumonia on the severity of 
COPD exacerbations, as well as predisposing factors for pneumonia 
and clinical and biochemical differences, has not been largely investi-
gated. In the present study, the demographic, clinical and laboratory 
characteristics of COPD exacerbations with and without pneumonia 
were evaluated and compared.

METHODS
The present study included 60 patients (46 males and 14 females) 
with a mean age±SD of 69±9 years who had been previously di-
agnosed with COPD and hospitalized between 2007 and 2008 in a 
tertiary chest diseases clinic for acute exacerbation. Patients diag-
nosed according to the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) diagnostic criteria and that have been followed up 
for COPD for at least 5 years were selected. Patients were evaluated 
on the day of hospital stay. The study was approved by the Ethics 
committee and consents of the patients were obtained. The diag-
nosis of infective COPD exacerbations was based not only on daily 
changes such as increase in the amount and purulence of sputum 
and increase in dyspnoea, but also acute impairment of respiratory 
symptoms to the extent that might lead to changes in treatment (1). 
Cases with additional pulmonary diseases (lung cancer, pulmonary 
fibrosis) other than chronic obstructive pulmonary disease that may 
influence disease course were excluded from the study. Patients that 
have been diagnosed with pneumonia based on clinical and radio-
logical findings (localized rales, bronchial breath sounds and new 
consolidation areas) at the time of hospitalization were assigned to 
the pneumonic exacerbation group (PE), and the patients without a 
significant infiltration were assigned to the non-pneumonic exacer-
bation group (n-PE). All patients were investigated in terms of de-
mographic and biochemical data as well as pulmonary function tests 
and duration of exacerbation.

Statistical Analysis
Study data were transferred to the database that was formed on Sta-
tistical Package for Social Sciences (SPSS) 15.0 program and statistical 
analysis was performed using the same program. Whilst “Chi-Square 

test” was used for categorical variables, “Student’s t-test” was used 
for parametric measurements. A p value <0.05 was considered to be 
statistically significant. The relation between variables was analysed 
by Pearson correlation test. 

RESULTS
Of the 60 COPD patients that were hospitalized for acute exacerbation 
and included in the study, 30 (23 males and 7 females; mean age±SD: 
67±9 years) were assigned to the n-PE group, whereas the other 30 
patients (23 males and 7 females; mean age±SD: 69± 9 years) were 
assigned to the PE group. No statistically significant difference was 
determined between the groups in terms of demographic variables 
including age, gender, and presence of diabetes as a concomitant 
disease. Number of annual exacerbations was 2.5±2.4 exacerbation/
year in the n-PE group and 2.7±2.6 exacerbation/year in the PE group. 
There was no difference between the groups in terms of antibiother-
apy received during the previous exacerbation. The duration of COPD 
was 15±11 years in the n-PE group and 7.7±8 in the PE group (p<0.05). 
The intensity of cigarette smoking (pack.year) was found higher in the 
n-PE group as compared to the PE group (59.4±36 and 38.2±37 re-
spectively, p<0.05). Table 1 illustrates the demographic characteristics 
of the groups.

In terms of biochemical variables, CRP and leukocyte count were 
mildly higher in the PE group with no significant difference between 
the groups (13.5±12.3 and 14.213±7501 respectively, in the PE group; 
6.1±7.5, and 11.906±5309.0 respectively, in the n-PE group) (the suit-
ability of continuous variables to normal distribution was not tested). 
FEV1 values were significantly lower in the n-PE group as compared 
to the PE group (33.5±10.3% and 54.9±19.5, respectively) (Table 2). 
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     n-PE (30)    PE (30)  p

Age (mean±SD) years  67.8±9.2  69.9±9.0  >0.05 

Male gender n (%) 23 (76.7%)  23 (76.7%)

Diabetes mellitus n (%) 7 (58.3%)  5 (41.7%)  >0.05

Number of exacerbations (n/year) 2.5±2.4 2.7±2.6  >0.05

Antibiotic use n (%)   >0.05

Ampicillin-sulbactam 1 (3.3%) 0

Amoxicillin - CA 4 (13.3%) 6 (20.0%)

Respiratory quinolone 10 (33.3%) 10 (33.3%)

Macrolide 4 (13.3%) 1 (3.3%)

2nd generation cephalosporin 6 (20.0%) 3 (10.0%)

3rd generation cephalosporin 1 (3.3%) 1 (3.3%)

Meropenem 1 (3.3%) 1 (3.3%)

Piperacillin-Taz 0 1 (3.3%)

Ciprofloxacin  2 (6.7%) 1 (3.3%)

Not used 1 (3.3%) 6 (20.0%)

Disease duration (years) (mean±SD) 15.0±11.0 7.7±8.0 <0.05

Smoking (pack.year) (mean±SD) 59.4±36.8 38.2±37.4 <0.05

CA: Clavulanic acid; n-PE: non- pneumonic exacerbation; PE: pneumonic exacerba-
tion; SD: standard deviation; Taz: tazobactam

Table 1. Comparison of demographic characteristics of cases



Comparing those with and without diabetes in the pneumonic and 
n-PE groups using Student’s t-test in terms of laboratory results, FEV1 
and number of exacerbations, only CRP was found to be significant-
ly higher in the presence of diabetes in the PE group (26.7±14.9) as 
compared to the n-PE group (3.3±2.5) (p<0.05) (Table 3).

Comparison of intragroup markers revealed a positive correlation 
between FEV1 and leukocyte count in the n-PE group and between 
leukocyte count and CRP in the PE group (p<0.05), whereas no cor-
relation was determined between the other markers (Table 4). 

DISCUSSION
In the present study, the evaluation of 60 patients who were hospi-
talized for COPD exacerbation revealed that disease duration was 
longer, FEV1 was lower and history of smoking was higher in the 
n-PE group compared to the PE group. As was expected, the levels 
of inflammatory markers were higher in the pneumonic exacerba-
tion group, but probably due to the limited patient number, the dif-
ference did not reach a statistically significant level. The presence of 
diabetes significantly enhanced CRP levels in cases diagnosed with 
pneumonic exacerbation. 

In the study conducted by Hurst et al. (11), whilst the annual number 
of exacerbations in the first year was 0.85 for patients with stage 2 
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Laboratory parameters n-PE    PE  p  
 (mean±SD) (mean±SD) value

CRP (mg/dL) 6.1±7.5 13.5±12.3 0.07

LDH (U/L) 510.4±480.9 379.5±110.0 0.15

Leukocyte (/mm3) 11.906±5309.0 14.213±7501.0 0.16

FEV1 % 33.5±10.3 54.9±19.5 <0.05

CRP: C-reactive protein; FEV1: forced expiratory volume in 1 second; LDH: lactate 
dehydrogenase; n-PE: non- pneumonic exacerbation; PE: pneumonic exacerbation; 
SD: standard deviation

Table 2. Comparison of laboratory parameters and FEV1 (%) 
between groups

  DM (mean±SD) Non-DM (mean±SD) p 

 LDH (U/L) 787.3±931.2 426.2±190.9

 CRP (mg/dL) 3.3±2.5 7.0±8.4

n-PE (n=30) group Leukocyte (/mm3) 12600.0±3481.0 11674.6±5797.2 >0.05

 FEV1 (%) 27.2±10.8 35.6±9.6

 Number of exacerbations (n) 2.7±2.0 2.5±2.5

 LDH ( U/L) 413.8±203.5 372.7±86.1 >0.05

 CRP (mg/dL) 26.7±14.9 10.8±10.0 <0.05

PE (n=30) group Leukocyte(/mm3) 16358.0±6407.3 13784.8±7745.7 >0.05

 FEV1 (%) 59.5±10.6 54.4±20.5 >0.05

 Number of exacerbations (n) 3.0±2.1 2.7± 2.6 >0.05

CRP: C-reactive protein; DM: diabetes mellitus; FEV1: forced expiratory volume at 1 second; LDH: lactate dehydrogenase; n-PE: non- pneumonic exacerbation; PE: pneumonic 
exacerbation; SD: standard deviation

Table 3. Comparison of laboratory parameters, number of exacerbations and FEV1 measurements between diabetic and non-diabetics 
in the groups

n-PE group LDH CRP Leukocyte FEV1 Exacerbation 

LDH -

CRP >0.05 -

Leukocyte >0.05 >0.05 -

FEV1 >0.05 >0.05 <0.05 -

Exacerbation  >0.05 >0.05 >0.05 >0.05 -

PE group LDH CRP Leukocyte FEV1 Exacerbation 

LDH -

CRP >0.05 -

Leukocyte >0.05 <0.05 -

FEV1 >0.05 >0.05 >0.05 -

Exacerbation  >0.05 >0.05 >0.05 >0.05 -

CRP: C-reactive protein; FEV1: forced expiratory volume at 1 second; LDH: lactate dehydrogenase; n-PE: non- pneumonic exacerbation; PE: pneumonic exacerbation

Table 4. Comparison of intragroup parameters within the groups



COPD, this rate was found to be 2 exacerbations per year for stage 
4 COPD patients, and it was stated that stage 4 COPD patients had 
had two or more exacerbations in the following years. Frequency of 
exacerbations increases as the disease stage increases. In the pres-
ent study, no significant difference was determined between the two 
groups in terms of number of exacerbations. It is thought that the 
number of exacerbations would reach a significant value in a larger 
patient population. Number of exacerbations due to infection and air 
pollution is expected to increase as airway obstruction increased as 
compared to the patients with a better FEV1 value. While air pollution 
increases the frequency of exacerbations in patients with COPD, it, 
on the other hand, leads to a decrease in FEV1 (12). Along with the 
decrease in FEV1, which is the most important indicator of pulmonary 
functions, quality of life is impaired and prognosis of disease is wors-
ened due to exacerbations (13). 

Concomitant diseases are frequently encountered in COPD and they 
are substantially effective on prognosis. Prevalence of diabetes mel-
litus (DM), one of the concomitant diseases, is higher than that in the 
normal population even in stage 1 COPD patients, even though the 
underlying reason has not been understood yet (relative risk: 1.5-1.8) 
(14). In the present study, 12 (20%) of 60 COPD patients had DM, of 
which 7 were in the n-PE group and 5 were in the PE group. CRP level 
of patients with diabetes and pneumonia was higher as compared to 
the other groups. In COPD patients with diabetes, increased plasma 
CRP, TNF-α and IL-6 concentrations are also observed in metabolic 
syndrome, which involves also insulin resistance and cardiovascular 
disease (15). In the present study, the significant CRP elevation in 
DM patients as compared to non-DM patients in the PE group can 
be explained by not only the infection and systemic inflammation 
in stable COPD patients, but also by the contribution of DM to the 
chronic inflammation. CRP values in the stable phase of COPD would 
identify whether a CRP value of 3.3±2.5 mg/dL in the n-PE group with 
diabetes is secondary to exacerbation or results from systemic in-
flammation. It has been demonstrated that presence of DM enhanc-
es prevalence of infections, exacerbations and mortality in patients 
with chronic obstructive pulmonary disease (16). It was determined 
that presence of diabetes facilitates the development of pneumo-
nia and leads to significant CRP elevation, but this is not a common 
conclusion for all patients having DM and COPD exacerbation; other-
wise, the same result would be expected for 7 COPD patients having 
diabetes and exacerbation without pneumonia. This difference could 
not be clarified because of the limited number of patients.

In the present study, a positive correlation was found between FEV1% 

and leukocyte count in the n-PE group and between leukocyte count 
and CRP in the PE group. In patients with advanced stage COPD, 
FEV1 decreases in proportion to increases in systemic inflammation. 
As systemic inflammation enhances, inflammatory markers increase 
significantly particularly during exacerbations, and this is associated 
with accelerated loss of lung capacity (17). Normally, there is a neg-
ative correlation between neutrophil count and FEV1 in cases with 
COPD; the severity of disease increases as neutrophil count increases 
(18). While a relatively milder increase in leukocyte count was detect-
ed with lower FEV1 in COPD patients with non-pneumonic exacerba-
tion as compared to the PE group, a significant increase in leukocyte 
count was determined in the PE group, which had a higher FEV1%. 
This can be explained by the tendency of more severe COPD patients 
to viral infections, having non-pneumonic exacerbations because of 

being more susceptible against air pollution, and indefinite response 
of leukocyte count as compared to the PE group. 

As two inflammatory markers, increase in leukocyte count and CRP 
secondary to pneumonia is an expected finding. A case-control 
study including 43 COPD patients failed to demonstrate the relation 
between CRP, as an inflammatory marker, and severity of COPD (19). 
However, the relation of CRP and certain inflammatory markers with 
severity of COPD was demonstrated in a study including a large pa-
tient population (20). Man et al. (21) evaluated a large patient pop-
ulation and concluded that CRP gives information about prognosis 
and is associated with mortality. In the present study, serum CRP 
concentration was higher in the PE group but lower in the non-pneu-
monic COPD exacerbation group despite they had longer and more 
severe disease; however, no statistically significant difference was de-
termined between the groups. CRP concentrations in the pneumonic 
COPD exacerbation group may be completely attributed to pneumo-
nia. In a similar study, Lieberman et al. (22) defined a more severe 
disease in the PE group versus n-PE group in terms of clinical and 
laboratory parameters. In addition, it was stated that CRP elevation 
might not always be an indicator of bacterial infection even though 
it is a significant marker in COPD exacerbations (23). 

In the present study, the duration of COPD was found to be short-
er in the pneumonia group as compared to the n-PE group. It was 
determined that, probability of having a non-pneumonic exacer-
bation is higher in advanced stages but probability of having a 
pneumonic exacerbation is higher in the early stages of disease 
in COPD patients. It was thought that, a more definite conclusion 
could be reached with a larger patient population, in which de-
mographic variables such as duration and stage of chronic ob-
structive pulmonary disease are homogeneous.

Not evaluating the patients in terms of previous inhaler therapy 
before exacerbation is one of the limitations of the present study; 
however, considering that FEV1% was 33.5±10.3 in the n-PE group 
and 54.9±19.5 in the PE group and the patients had received treat-
ment in accordance with GOLD criteria, the probability of receiving 
inhaled corticosteroid (ICS) treatment is higher in the group with 
lower FEV1 as compared to the group with a higher FEV1. Accord-
ingly, despite the higher use of ICS in the n-PE group, the diagnosis 
of pneumonic exacerbation shows negative correlation. Studies on 
the relation between inhaled corticosteroid use and pneumonia 
yielded diverse results. Although the risk of pneumonia increased 
depending on the dose of inhaled steroid, a recent meta-analysis 
failed to demonstrate such a relation (24). If evaluated based on this 
probability, the present study found no relation between ICS use 
and pneumonia.

CONCLUSION
The probability of having a non-pneumonic exacerbation is higher 
than the probability of pneumonic exacerbation as the severity of 
chronic obstructive pulmonary disease increases. The prevalence of 
non-pneumonic exacerbation was found to be higher in COPD pa-
tients that had a longer disease duration, higher rates of smoking, 
and more severe disease.

Informed Consent: Written informed consent was obtained from patients 
who participated in this study.
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