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ABSTRACT
Objective: To evaluate the association between the degree of emphysema on computed tomography (CT) images and disease
severity, in order to predict the clinical characteristics of patients with chronic obstructive pulmonary disease (COPD).
Study Design: Cross-sectional, observational study.
Place and Duration of Study: University of Health Sciences, Diskapi Training and Research Hospital, Ankara, Turkey between
January 2016 and January 2017. The analysis of the medical records of patients was performed in December 2020.
Methodology: Clinically diagnosed COPD patients were included in this study. Based on emphysema severity on CT, the patients
were classified into three groups as group I (n=59), group II (n=37), and group III (n=20), and emphysema was not present in the
remaining 15 patients. The associations between emphysema severity and the GOLD stage, mMRC dyspnea score and exacerba-
tion frequency were analysed with Chi-square test.
Results: In 131 patients, the severity and presence of emphysema was found to be significantly associated with smoking history
(p=0.034).  However,  no  significant  differences  were  observed  between  emphysema  severity  and  exacerbation  frequency
(p=0.512) and mMRC dyspnea scores (p=0.110). The severity of emphysema was related with the GOLD stage (p=0.001). There
was  also  a  significant  association  between  BMI  and  severity  of  emphysema,  with  the  severe  emphysema cases  tending  to  be
underweight (p=0.001).
Conclusion: CT-emphysema severity can be used to classify COPD to assist in the clinical characterisation of patients. This type
of classification is important to determine the underlying pathophysiology and genomic profile of COPD.    
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is the fourth
leading cause of death worldwide, with gradually increasing
prevalence in general population due to aging and increased
risk factors exposure.1 The Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) currently defines COPD as a common
preventable and treatable disease characterised by persistent
respiratory  symptoms  and  airflow  limitation  due  to  airway
and/or  alveolar  abnormalities  usually  caused  by  significant
exposure to noxious particles or gases.
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GOLD also classifies the disease according to airflow limitation
together with the assessment of symptoms and exacerbation
risks. It is known that spirometric measurements alone do not
completely reflect the severity of COPD.2 It is also known that
COPD is  a  very  heterogenous  disease,  even  in  patients  with
severe airflow obstruction, symptoms can be quite mild.3 Struc-
tural  lung  alterations  such  as  emphysematous  parenchymal
destructions and conductive airway narrowing can be one of the
explanations of heterogeneity of the disease.4

In the literature, there are some controversial opinions regarding
the emphysema level in patients with COPD. While some state
that the severity of emphysema varies widely even in patients at
the same stage of COPD,5 others suggest that the amount of
emphysema increases with COPD severity.3  Emphysema is  a
major determinant to predict lung function decline and mortality
in COPD patients independent of airflow limitation.6 Also, CT-
quantified emphysema in COPD patients is associated with exer-
cise intolerance, impaired gas-exchange independent of airflow
limitation, symptom scale and exacerbation risk was shown by
Smith et al.7
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Computed tomography (CT) is a well-validated technique to
visually and quantitatively assess the presence, pattern and
extent of emphysema, and a standardised characterisation of
COPD on CT is crucial.8 Determining COPD phenotypes related
to emphysema severity can be important in properly managing
the treatment and subtyping of the disease, and emphysema
severity can be used as a predictor of  COPD and functional
impairment of the patients.

The aim of the current study was to evaluate if the degree of
emphysema  on  CT  images  related  with  COPD  severity
according to GOLD stage.

METHODOLOGY

A total of 131 patients with COPD were retrospectively enrolled
from  the  pulmonology  clinic.  This  cross-sectional,  observa-
tional study was approved by Ethics Committee of University of
Health Sciences, Diskapi Yildirim Beyazit Research and Training
Hospital, Ankara, Turkey on October 30, 2020 (No. 99/03) and
conducted in accordance with the tenets of the Declaration of
Helsinki.  Patients  diagnosed  with  bronchial  asthma  or
bronchiectasis, those with a tuberculosis history, and those with
neurodegenerative diseases, were excluded from the study.

Demographic data, body mass index (BMI), smoking history,
and  number  of  exacerbations  and  hospitalisations  were
collected.  The  results  of  pulmonary  function  tests  and  the
modified  Medical  Research  Council  (mMRC)  dyspnea  scale
scores  were  noted.  Spirometric  values  were  evaluated
according to the GOLD guidelines.1 The COPD cases were clas-
sified as mild forced expiratory volume in one second (FEV1)/-
forced vital capacity (FVC) <0.70 and FEV1 >80%; moderate
(50% < FEV1 <80%); severe (30% < FEV1 <50%); and very
severe  (FEV1  <30%).  The  pulmonary  function  test  was
performed using a Jaeger MasterLab pro  device.  The emphy-
sema severity of the patients was determined as described by
the Fleischner Society.8 Accordingly, the visually defined pheno-
types  of  emphysematous  destruction  seen  in  COPD  were
defined and classified into three groups as centrilobular, panlob-
ular  and  paraseptal  emphysema.  Since  these  abnormalities
often  overlap,  we  chose  the  most  predominant  pattern.
Centrilobular  emphysema  was  predominant  among  our
patients, and we graded emphysema in three groups: group I if
lucencies  occupied  <5%  of  a  lung  zone  (if  trace  and  mild
centrilobular emphysema was present), group II if >5% of a lung
zone, and group III if confluent and advanced type of emphy-
sema was present.

The correlations of emphysema severity with the GOLD stage,
mMRC score,  exacerbation  frequency,  BMI,  smoking  history
and  gender  were  analysed.  All  statistical  analyses  were
performed using the Statistical Package for the Social Science
software version 23.0 for Windows (Chicago, IL, USA). The quan-
titative data were presented as mean ± standard deviation (SD)
and the qualitative data as number and percentages. In addi-
tion,  in  order  to  evaluate  whether  an  association  existed

between the variables, the Pearson’s Chi-square test or likeli-
hood ratio was used. The obtained data were statistically anal-
ysed, and p ≤ 0.05 was considered statistically significant at a
95% confidence interval.

RESULTS

The study included 131 patients clinically diagnosed with COPD.
The mean age of the patients was 66.3 ± 11.2 (39-90) years. The
sample consisted of  101 males and 30 females.  Of  the 131
patients,  64  (48.9%)  were  heavy  smokers  with  a  smoking
history of >40 pack-years, 23 (17.6%) were light smokers with
smoking history of < 40 pack-years, and 44 (33.6%) had never
smoked. The patients’ data are summarised in Table I.
Table I: Patients’ clinical and demographic data.

Characteristics  
Age (mean ± SD) (years) (range)
Gender, n (%)
Male
Female
Smoking history, n (%)
Never smoked
<40 pack-years
>40 pack-years

66.3 ± 11.2 (39-90)
 
101 (77.1)
30 (22.9)
 
44 (33.6)
23 (17.6)
64 (48.9)

SD: Standard deviation

Seventeen patients (13%) had respiratory insufficiency and 45
(34.4%) described chronic bronchitis. Twenty-six patients had
GOLD stage I (19.8%), 59 had GOLD stage II (45%), 28 had GOLD
stage III (21.4%), and 18 had GOLD stage IV (13.7%). Emphy-
sema was not present in 15 patients (11.5%) while trace and
mild emphysema (group I) were observed in 59 patients (45%),
moderate in 37 (28.2%), and confluent and advanced type of
emphysema (group III) in 20 (15.3%) patients according to the
CT evaluations. The severity and presence of emphysema were
significantly  associated  with  smoking  history  (p  =  0.034).
However,  no significant differences were observed between
emphysema severity and exacerbation frequency (p = 0.512)
and mMRC dyspnea scores (p = 0.110). The severity of emphy-
sema was associated with the GOLD stage (p = 0.001). There
was  also  a  significant  association  between  the  BMIs  of  the
patients  and  the  severity  of  emphysema,  with  the  severe
emphysema patients tending to be underweight (p = 0.001).
The data are summarised in Table II.

DISCUSSION

COPD is a very common disease in developing and developed
countries due to different etiologies such as smoking, air pollu-
tion and occupational exposure causing airflow limitation as
result of abnormal inflammatory responses in small airways and
parenchymal destruction of the lungs which vary from patient to
patient.9  COPD is a heterogeneous disease,  and spirometric
results alone are not sufficient to explain the heterogeneity of
the disease,3 which causes difficulties in the clinical characteri-
sation of patients. CT is a well-demarcated technique to visu-
alise lungs in detail to assist clinicians in performing an accurate
classification and phenotyping of the disease.
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Table II: Comparison of demographics and functional parameters with groups according to emphysema stage.

Parameters No emphysema
(n=15) (%)

Group I
(n=59) (%)

Group II
(n=37) (%)

Group III
(n=20) (%)

p-value
 

GOLD
GOLD 1
GOLD 2
GOLD 3
GOLD 4

 
1 (6.7%)
8 (53.3%)
3 (20%)
3 (20%)

 
15 (25.4%)
35 (59.3%)
7 (11.9%)
2 (3.4%)

 
6 (16.2%)

13 (35.1%)
11 (29.7%)
7 (18.9%)

 
4 (20%)
3 (15%)
7 (35%)
6 (30%)

0.001*

Smoking history (pack-years)
> 40
< 40
Never-smoked

 
5 (33.3%)
2 (13.3%)
8 (53.3%)

 
23 (39%)

12 (20.3%)
24 (40.7%)

 
20 (54.1%)
7 (18.9%)
10 (27%)

 
16 (80%)
2 (10%)
2 (10%)

0.034*

Exacerbation frequency
(per year)
> 2
< 2  

 
 

5 (33.3%)
10 (66.7%)

 
 

19 (32.2%)
40 (67.8%)

 
 

12 (32.4%)
25 (67.6%)

 
 

10 (50%)
10 (50%)

 
0.512

mMRC
0-1
> 2

 
6 (40%)
9 (60%)

 
27 (45.8%)
32 (54.2%)

 
15 (40.5%)
22 (59.5%)

 
3 (15%)

17 (85%)
0.110

BMI (kg/m2)
<18.5
18.5-24.9
25-29.9
> 30

 
1 (6.7%)
6 (40%)

2 (13.3%)
6 (40%)

 
4 (6.8%)

12 (20.3%)
24 (40.7%)
19 (32.2%)

 
4 (10.8%)
17 (46%)
10 (27%)
6 (16.2%)

 
6 (30%)

11 (55%)
2 (10%)
1 (5%)

0.001*

*Statistically significant. Chi-square test was performed to determine the relationship between parameters and emphysema stage. BMI: Body mass index,
mMRC: modified medical council dyspnea scale, GOLD: Global initiative for chronic obstructive lung disease (disease stage evaluation based on forced
expiratory volume in one second).

With  the  continuous  development  in  medical  practice,
researchers have developed some quantification methods for
the  evaluation  of  CT  findings  in  COPD patients,  especially  in
case of emphysema. In this study, the authors used the visu-
ally characterised patterns of emphysema in COPD patients
as described by the Fleischner Society classification system.8

The phenotyping of COPD described in the current study may
help evaluate the clinical management of the patients with
COPD.

Emphysema is the permanent enlargement of airspaces distal
to the terminal bronchioles and develops in about 20% of
smokers.10 Today, emphysema is increasingly diagnosed due
to the widespread use of  CT images in  clinical  settings.11

There are some genetic etiological factors causing emphy-
sema,  but  smoking  constitutes  the  most  important  risk
factor.12 COPD has a spirometric definition with the symptoms
of dyspnea and chronic bronchitis in addition to some struc-
tural  changes such as  emphysema.  However,  emphysema
alone  is  not  sufficient  to  diagnose  COPD  without  the  other
components  of  the  disease.13  Previous  studies  found  that
smoking was related to emphysema development and COPD,
which is consistent with the present results, showing that the
severity and presence of emphysema were significantly asso-
ciated with smoking history. Chronic inflammation caused by
cigarette  smoking generates  small  airway inflammation,  and
the  proximal  extension  of  this  inflammation  results  in  weak-
ened walls in the central airways.14 Emphysema can be subdi-
vided into centrilobular,  panlobular and paraseptal  groups,
based on the exact location of emphysematous regions within
the secondary pulmonary lobule.8 Centrilobular emphysema
is the prototypical form of emphysema identified in cigarette
smokers while paraseptal emphysema is also clearly related

to smoking.15 Panlobular emphysema is associated with  a-1
antitrypsin  deficiency  and  seems  to  be  uncommon  in  smok-
ing-related emphysema.

Previous  studies  showed  that  emphysema  severity  was
conversely  correlated with  BMI,  with  more severe emphy-
sema patients tending to be underweight,5,13 which supports
the present results. A study reported that COPD patients with
severe emphysema had excessive loss of  tissue, including
BMI, skeletal muscle, and bone density over time and tended
to  require  hospitalisation  at  a  higher  rate.16  It  was  also
suggested that the identification of these patients was impor-
tant since they had more exacerbations and their mortality
rate was higher than COPD patients without tissue loss. In
this study, we investigated the relationship of emphysema
severity only with BMI, not with muscle or bone tissue loss.
Further  prospective  studies  are  needed  to  determine  this
type of phenotype.

In this study, the authors did not classify the patients into the
subgroups of  emphysema as  centrilobular,  panlobular  and
paraseptal because there were not enough patients in the
latter two groups, with the majority of the cases presenting
with centrilobular emphysema. Therefore, the patients were
only evaluated according to the severity of emphysema and
determined how the visual score of emphysema affected the
clinical presentation of the patients. According to the present
results, the emphysema scores of the patients were strongly
associated with the GOLD stage, but not with the dyspnea
scores (mMRC) or exacerbation frequency. Although a posi-
tive  correlation  between  emphysema severity  and  clinical
stage has been shown in many studies,3,13,17  some authors
have failed to identify such positive correlation, attributing
this  to  the  heterogeneity  of  the  disease.18,19  According  to
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GOLD,1  in  addition  to  inflammation  and  narrowing  of
peripheral airways leading to decreased FEV1, parenchymal
destruction  related  to  emphysema  results  in  airflow  limita-
tion.20 Currently, researchers are more interested in investi-
gating the contribution of small airways to airflow limitation in
the pathogenesis of the disease.21 This contribution of small
airways can also be the reason as to why a relationship could
not  be  established between emphysema severity  and the
dyspnea  scores  and  exacerbation  frequency  of  those
patients.

The underlying pathophysiology of the disease generates clin-
ical  characteristics  of  the  patients.  Defining  groups  of
patients  that  exhibit  distinctive pathophysiology,  prognosis
and response to therapy with the systematic application of
imaging techniques can help better understand the hetero-
geneity of COPD.22

CONCLUSION

More severe CT emphysema was found to be associated with
the increased GOLD stage of  COPD.  Furthermore,  present
findings  suggest  that  emphysema  severity  evaluated  on  CT
can be used to classify the disease to assist in the clinical
characterisation  of  patients.  This  type  of  classification  is
important  in  differentiating  the  underlying  pathophysiology
and  genomic  profile  of  COPD.  
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