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ABSTRACT

Reliability of comorbidity indices as predictive indicators for frequent
severe chronic obstructive pulmonary disease exacerbations

Introduction: The relationship between comorbidities and chronic obstructive
pulmonary disease (COPD) is two-sided. As the number of comorbidities
increases, frequency of acute exacerbations of COPD (AECOPD) conse-
quently increases. Comorbidity indices can be used to evaluate comorbidities
while managing COPD patients. We aimed to compare comorbidity indices
such as the Charlson comorbidity index (CCI), comorbidities in COPD index
(COMCOLD) and COPD specific comorbidity test (COTE) regarding exacer-
bation frequency.

Materials and Methods: Participants hospitalized for AECOPD were included
in this bidirectional case-control study. Exacerbation severity, frequency, fur-
ther exacerbations over a one-year follow-up period and CCl, COMCOLD, and
COTE scores were recorded. High and low comorbidity groups were com-
pared regarding AECOPD frequency, severity, and further exacerbations.

Results: Ninety-two patients were enrolled. The frequency of AECOPD was
significantly higher in high-comorbidity groups (p= 0.026 for CCl; 0.015 for
COTE; 0.012 for COMCOLD) than that in low-comorbidity groups. Severe
AECOPD was significantly higher in all high-comorbidity groups according to
the indices. Median number of exacerbations during the one-year follow-up
period was significantly higher in the high-comorbidity groups defined by CCl
[0 (0-4) vs. 1 (0-4), p< 0.001 and COMCOLD 0 (0-4) vs. 1 (0-3), p= 0.007].

Conclusion: Comorbidities are among the most important risk factors for
AECOPD. Managing comorbidities begins with their identification, followed
by appropriate interventions. Therefore, using at least one comorbidity index
during assessment ensures that comorbidities are not overlooked during diag-
nostic and therapeutic processes. CCl, COTE, and COMCOLD comorbidity
indices can be used in predicting COPD exacerbations.

Key words: Acute exacerbation; comorbidity index; chronic obstructive
pulmonary disease
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Agir kronik obstriiktif akciger hastaligi alevlenmelerinin sikligini 6ngérmede komorbidite indekslerinin giivenilirligi

Giris: Komorbiditeler ile kronik obstriiktif akciger hastaligi (KOAH) arasindaki iliski ¢ift yonlidir. Eslik eden hastalik sayisi arttikca,
KOAH'in akut alevlenmelerinin (AECOPD) sikhigi artar. KOAH hastalarinin yonetiminde eslik eden hastaliklari degerlendirmek icin

komorbidite indeksleri kullanilabilir. Charlson komorbidite indeksi (CCl), KOAHdaki komorbidite indeksi (COMCOLD) ve KOAH
6zglil komorbidite testi (COTE) gibi komorbidite indekslerini AECOPD sikhgr agisindan karsilastirmayr amacladik.

Materyal ve Metod: AECOPD nedeniyle hastaneye yatirilan katilimcilar bu iki yénlii vaka kontrol calismasina dahil edildi. Alevlenme
siddeti, sikligi, bir yillik takip siresince alevlenme ve CCl, COMCOLD ve COTE puanlari kaydedildi. Yiiksek ve disiik komorbidite
gruplari, AECOPD sikhigi, siddeti ve takipte alevlenme agisindan karsilastirildi.

Bulgular: Doksan iki hasta dahil edildi. AECOPD sikhgi yiiksek komorbidite gruplarinda (CCl icin p= 0,026, COTE icin 0,015;
COMCOLD igin 0,012) diisiik komorbidite gruplarindan 6nemli élciide yiiksekti. indekslere gére tiim yiiksek komorbidite gruplarin-
da siddetli AECOPD énemli 6lciide daha fazlaydi. Bir yillik takip siiresince alevlenme sayisinin ortanca degeri CCl ile belirlenen
yiiksek komorbidite gruplarinda [0 (0-4)’e karsi 1 (0-4), p< 0,001 ve COMCOLD ile 0 (0-4)’a karsi 1 (0-3), p= 0,007] 6nemli élgtide
daha yiiksekti.

Sonuc: Komorbiditeler, AECOPD icin en 6nemli risk faktorlerinden biridir. Eslik eden hastaliklarin yonetimi, tanidan baglayarak uygun
muidahaleleri takip ederek baslar. Bu nedenle, en az bir komorbidite indeksi kullanmak, tanisal ve terapétik sireclerde eslik eden
hastaliklarin goz ardr edilmemesini saglar. CCl, COTE ve COMCOLD, KOAH:da alevlenmelerle iliskili komorbiditeleri degerlendirmek
icin faydalr araglardr.

Anahtar kelimeler: Akut alevlenme; komorbidite indeksi; kronik obstriiktif akciger hastalig

INTRODUCTION increase AECOPD frequency (10-16). The number of
comorbidities is directly related to exacerbation
frequency, risk of hospitalization, quality of life,
annual costs of disease, and mortality in COPD
(17,18). COPD often coexists with other diseases that
can significantly affect its prognosis. Comorbidities
are frequently observed in patients hospitalized for
COPD exacerbations (19,20). Moreover, frequent
exacerbations are directly related to COPD severity
and previous exacerbation history.

Acute exacerbation of chronic obstructive pulmonary
disease (AECOPD) is defined as the acute worsening
of respiratory symptoms necessitating additional
therapy (1,2). Exacerbations are not only the leading
cause of mortality in patients with COPD, but also
tremendously impact the patient’s quality of life (3,4).
During exacerbations, an increase in systemic
inflammation accompanied by elevated oxidative
stress is observed. Consequently, this results in an
increase inthe number of comorbidities. Exacerbations
can also worsen conditions such as coronary heart
disease, osteoporosis, and malnutrition (5-7).
However, exacerbations do not only worsen

Therefore, comorbidity indices should be
systematically used to prevent comorbidities
co-existent with COPD from being overlooked. There
are indices for multisystemic evaluation, such as the

comorbidities, but are also impacted by comorbidities:
the relationship between comorbidities and
exacerbations is direct and two-sided. In the
Evaluation of COPD Longitudinally to Identify
Predictive Surrogate Endpoints (ECLIPSE) study, severe
bronchial obstruction was insufficient to explain
COPD exacerbation (8). In order to understand the
reasons for frequent exacerbations, a cluster analysis
was performed, and two groups with frequent
exacerbations were classified: severe obstruction
syndrome and moderate obstruction syndrome with
comorbidities (9,18). Anxiety and depression,
metabolic syndrome, gastroesophageal reflux disease,
coronary artery disease, diabetes, and venous
thromboembolism are some comorbidities known to

Charlson comorbidity index (CCl), and those specific
to COPD patients, such as the COPD specific
comorbidity test (COTE) and comorbidities in COPD
index (COMCOLD). Those comorbidity indices are
widely used. However, which index is more reliable
as a predictive indicator for frequent severe COPD
exacerbations is unknown.

In the present study, we aimed to investigate whether
high comorbidity levels compared to low comorbidity
levels, defined using different comorbidity indices
(CCl, COTE, and COMCOLD), were associated with
frequent severe exacerbations in the year preceding
index hospitalization and future exacerbations in the
year following index hospitalization in patients with
severe COPD exacerbations.
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MATERIALS and METHODS
Study Population and Data Collection

We included patients admitted to the pulmonary
diseases department of our institution with AECOPD
and hospitalized for a six-month period. Patients who
did not provide voluntary informed consent were
excluded. The study was approved by the Human
Research Ethics Committee of Ankara University
Faculty of Medicine (05-305-18).

Demographics, smoking history, COPD assessment
test (CAT) score, mMRC dyspnea score, and
spirometry tests that were obtained during the stable
period in the previous year, as well as arterial blood
gas (ABQ) test results, use of respiratory support
devices, comorbidities, CCl, COTE scores,
COMCOLD, Global Initiative for Chronic Obstructive
Pulmonary Disease (GOLD) classification of patients,
and frequency of exacerbations in the previous year
were recorded on the day of hospitalization for
AECOPD. In addition, patients were followed-up for
one year from the day they were enrolled, and the
exacerbation data collected.

Study Design

Patients admitted to the hospital for AECOPD were
asked about exacerbations experienced in the year
preceding the date of admission for this cross-
sectional study via face-to-face interviews. A non-
severe COPD exacerbation is defined as the absence
of the need for hospitalization and respiratory failure.

The primary endpoint was the number of AECOPD
episodes experienced throughout the year, regardless
of severity, before index admission. One of the
secondary endpoints was the presence of at least one
severe AECOPD episode in the previous year. Severe
AECOPD was defined as an exacerbation that
required hospitalization for management. The other
secondary endpoint was the number of AECOPD
episodes during a one-year period from the preceding
admission, regardless of severity.

Comorbidity Indices

The CCl was proposed in 1987 and includes 15
chronic diseases, including coronary heart disease,
chronic heart failure, chronic lung disease, peripheral
vascular disease, cerebrovascular disease, dementia,
diabetes, systemic hypertension, liver disease, renal
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disease, cancer, metastatic solid neoplasm,
connective tissue disease, HIV, peptic ulcer disease,
leukemia, and lymphoma (Table 1) (21). This index is
applied in a wide spectrum of chronic and systemic
diseases, apart from COPD. The CCl is used to
predict the risk of mortality within one year of
hospitalization for patients with comorbid conditions.
A high comorbidity level in the CCl index is defined
as a score 22 (22).

The COTE index was defined in 2012, and is based
on 12 comorbidities: anxiety, coronary heart disease,
heart failure, cancer, liver cirrhosis, atrial fibrillation/
flutter, diabetes with neuropathy, pulmonary fibrosis,
and peptic ulcer disease (Table 1) (23). This is a
COPD-specific index that predicts the survival of
COPD patients. A high comorbidity level in the
COTE index is defined as a score of 24 points (23).

The COMCOLD index was proposed in 2014 (24).
The COMCOLD index is based on five comorbidities:
depression, anxiety, peripheral artery disease,
cerebrovascular disease, and symptomatic heart
disease (Table 1). This index is used in COPD patients
to determine the effect of comorbidities that most
profoundly affect the health status and mortality. A
high comorbidity level is defined as a score of >4
points.

Diagnostic Procedures

Spirometry: Expiratory flow rates were measured at
rest using the Vmax Encore 229 Pulmonary Function
(Sensor Medics, Yorba Linda, CA, USA) according to
American Thoracic Society/European Thoracic
Society recommendations (25). Flow-volume and
volume-time curves were interpreted, and forced
vital capacity (FVC), forced expiratory flow in one
second (FEV1), FEV1/FVC, forced mid-expiratory flow
(FEF 25-75%), and peak expiratory flow (PEF) were
measured.

Arterial blood gases

Arterial blood gas analysis was performed if the
patient’s peripheral capillary oxygen saturation
(SpO,) reading was <94% on pulse oximetry or if
they exhibited symptoms of hypercapnia. PaO,,
PaCO,, pH, and oxygen saturation (SaO,) in arterial
blood were recorded.
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Table 1. Charlson, COTE and COMCOLD indices

CCl1

COTE COMCOLD

Depression

Anxiety

6*

Peripheral artery disease

Cerebrovascular disease

Symptomatic heart disease

(Coronary heart disease and/or heart failure)

Lung, breast, esophageal or pancreatic cancer

All other cancers

Metastatic solid tumor

Liver cirrhosis (COTE)
Moderate or severe liver disease (CCl)
Mild liver disease (CCl)

Atrial fibrillation/flutter

Diabetes
with neuropathy (COTE)

with chronic complications (CCl)

without chronic complications (CCI)

Pulmonary fibrosis

Congestive heart failure

Gastric/duodenal ulcer

Myocardial infarction

Dementia

Chronic pulmonary disease

Connective tissue disease

Hemiplegia or paraplegia

Renal disease

AIDS/HIV

Leukemia

N o NN

*Only for female

ease.

The indices and weights of comorbidities are given in the table. Maximum score for CCl: 34, for COTE: 25, for COMCOLD: 19. CCl: Charlson
comorbidity index, COTE: Chronic obstructive lung disease specific comorbidity test, COMCOLD: Comorbidities in chronic obstructive lung dis-

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version
22.0 (IBM Corp., Armonk, NY,). Variables were
investigated using visual (histograms and probability
plots) and analytical methods (Kolmogorov-Smirnov/
Shapiro-Wilk test) to determine normal distribution.
Frequency analyses were performed for categorical
variables of the entire sample, and mean or median
values were calculated for continuous variables.
Sociodemographic, radiologic, clinical, and

laboratory data of all patients were compared using
the Chi-square test for categorical variables and
Student’s t-test or Mann-Whitney U test according to
the distribution pattern for continuous variables. A
5% type-l error level was used to indicate statistical
significance.

RESULTS

A total of 92 patients [median age= 70 (range=
49-88) years] met the inclusion criteria and were

Tuberk Toraks 2024;72(1):16-24
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Subjects hospitalized with
AECOPD for a six-month period

Excluded:

v

Not giving informed consent
Unable to perform PFT
Lost to follow-up

A 4

Eligible subjects (n=92)

Screening comorbidities with indices

High COTE (n=19)
Low COTE (n=73)

High CCI (n= 39)
Low CCl (n=53)

High COMCOLD (n= 20)
Low COMCOLD (n= 72)

Figure 1. Flowchart of the study.

AECOPD: Acute exacerbations of chronic obstructive lung disease, PFT: Pulmonary function test, CCl: Charlson comor-
bidity index, COTE: Chronic obstructive lung disease specific comorbidity test, COMCOLD: Comorbidities in chronic

obstructive lung disease.

enrolled in the study (Figure 1). Among the patients,
13% were females and 87% were males. Regarding
smoking history, 2.2% never smoked, 75% were
ex-smokers and 22.8% were current smokers. Median
CAT score was 18 (range= 6-40). Regarding GOLD
classification of the patients just before this exacerbat
ion, 13% of COPD patients were classified as GOLD
A, 21.7% as GOLD B, 8.7% as GOLD C, and 56.5%
as GOLD D. Treatment during the stable period was
recorded. Seventy-three patients used long-acting
bronchodilators, while the rest (n= 19) used short-
acting bronchodilators. Among all patients, 48.9%
received long-term oxygen therapy (LTOT), while
16.3% underwent non-invasive mechanical
ventilation (NIMV).

There was no correlation between age and frequency
of AECOPD (p= 0.937); however, there was a weak
negative correlation between age and ICU admission
(p=0.028, Spearman’s rho=-0.229). The participants’
sex did not affect the frequency of AECOPD (p=
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0.327) or its severity (outpatients p= 0.068, emergency
department admissions p= 0.340, hospitalizations p=
0.897, ICU admissions p= 0.952). History of smoking
(measured in pack-years) did not correlate with the
frequency of AECOPD but correlated positively with
ICU admission (p= 0.009, Spearman’s rho= 0.273).
Neither frequency nor severity of AECOPD
differentiated smoking cessation (p= 0.849, p=0.701,
p=0.588, p=0.373, p=0.514, respectively). Although
the need for LTOT was statistically significant for the
frequency of AECOPD (p< 0.001), the need for NIMV
was not (p= 0.108).

A negative correlation was observed between the
frequency of AECOPD, FEV,%, and FEV,/FVC (p=
0.001, Spearman’s rho= -0.376 and p= 0.045,
Spearman’s rho= -0.224; respectively). In contrast,
there was no correlation between FVC and AECOPD
frequency (p=0.106). FEV, % and ICU admission due
to AECOPD exhibited a strong correlation (p< 0.001,
Spearman’s rho= -0.448).
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Figure 2. Relationship between exacerbation frequency and
comorbidity groups according to incides

AECOPD: Acute exacerbations of chronic obstructive lung dis-
ease, CCl: Charlson comorbidity index, COTE: Chronic obstruc-
tive lung disease specific comorbidity test, COMCOLD:
Comorbidities in chronic obstructive lung disease.

Arterial blood gas analysis was performed on the day
of admission for AECOPD. Although pH, PaCO,, and
PaO, were not correlated, oxygen saturation was
negatively correlated with the frequency of AECOPD
(p= 0.007, Spearman’s rho= -0.289). However,
PaCO, and the need for ICU admission had a strong
correlation (p= 0.001, Spearman’s rho=-0.367).

The frequency of AECOPD was significantly higher in
the high-comorbidity group (p= 0.026 for CCl, 0.015
for COTE, and 0.012 for COMCOLD) (Figure 2).
Correlation analysis was conducted to obtain an
estimation of the effect of the indices on AECOPD.
There was a weak correlation between the frequency

of AECOPD and CCI, COTE, and COMCOLD scores
(p=0.017, Spearman’s rho=0.249; p= 0.0, Spearman’s
rho= 0.243; p= 0.005, Spearman’s rho= 0.292,
respectively). The incidence of severe AECOPD was
significantly higher in all of the high-comorbidity
groups than that in the low-comorbidity groups
according to the indices (Table 2). Median number of
exacerbations during the one-year follow-up period
was significantly higher in the high-comorbidity
group than that in the low-comorbidity group, as
defined by CCI [0 (0.4) vs. 1 (0-4), p< 0.001 and
COMCOLD 0 (0-4) vs. 1T (0-3), p= 0.007] scores.
However, there was no difference between
comorbidity groups as defined by COTE [0 (0-4) vs. 1
(0-2), p= 0.058].

DISCUSSION

We investigated the relationship between
comorbidities and the frequency of AECOPD.
Comorbidities assessed using CCl, COTE, and
COMCOLD indices were found to be important in
estimating both the frequency and severity of
AECOPD. However, the power of the indices did not
differ in this regard.

Comorbidities are well-known risk factors for COPD
exacerbation, need for hospitalization, prolonged
hospitalization, and mortality (19,20,22,23).
Therefore, managing and treating only COPD is not
sufficient to reduce the risk of AECOPD and increase
the patient’s quality of life. Managing comorbidities
is inherent in managing COPD. However, this is only
possible when comorbidities are identified by
physicians. The role of these indices in the systematic
recognition of comorbidities was presented herein.

The CCl is a general index that has been studied not
only for COPD but also for many other chronic
diseases. It is associated with mortality and hospital

Table 2. Comparison of exacerbation severity and scores of the indices

Severe exacerbation Non-severe exacerbation p

CCl- Low 16 (41.0) 23 (58.9)

0.028
CClI- High 34 (64.1) 19 (35.8)
COTE- Low 34 (46.5) 39 (53.4)

0.004
COTE- High 16 (84.2) 3(15.7)
COMCOLD- Low 35 (48.6) 37 (51.3) 0.036
COMCOLD- High 15 (75) 5(25) '

CClI: Charlson comorbidity index, COTE: Chronic obstructive lung disease specific comorbidity test, COMCOLD: Comorbidities in chronic

obstructive lung disease.
Results were given as n (%).

Tuberk Toraks 2024;72(1):16-24
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readmission in COPD patients (26,27). In addition,
we found that CCl was associated with both the
frequency and severity of AECOPD. It is a large-scale
index, and recognizing various comorbidities and
effectively managing them can impact the course of
COPD. Many comorbidities evaluated in patients
with COPD are present in CCl. This could be the
reason for its high reliability in estimating anticipated
exacerbations.

COTE is a specific index for the survival of patients
with COPD. Higher COTE index scores have been
associated with increased mortality (23). The
relationship between COTE and the number of
exacerbations was assessed in the present study, and
higher levels of COTE were observed in patients with
frequent and severe AECOPD compared to those in
patients without frequent and severe AECOPD. In a
study comparing CCl and COTE, the reliability of the
indices at predicting mortality was similar (28).
Moreover, we also found that the reliability of indices
in predicting exacerbation frequency and severity
were similar.

COMCOLD is a much more specific index than CCl
that aims to screen for comorbidities that affect
patients with COPD the most. This index reflects the
patient’s health status (24). One study identified no
correlation between COMCOLD scores and frequent
exacerbations (GOLD C-D) (29). In contrast, the
scores of the high-comorbidity group (GOLD B-D)
were higher than those of the other groups (29).
However, the frequency and severity of acute
exacerbations were correlated with COMCOLD
scores in the present study.

Data on further exacerbations during the one-year-
follow-up period were obtained, regardless of the
severity of exacerbation. Comorbidities defined by
the CCl and COMCOLD were correlated with further
exacerbations. This result indicates that the CCI and
COMCOLD indices are valuable for determining the
risk of COPD exacerbation. The frequency and
severity of exacerbations in COPD are related to the
severity of the disease, which gradually increases
with time. Based on these results, it can be concluded
that comorbidity indices could play an important role
in determining mortality rates. However, the COTE
index was not found to be an indicator of further
exacerbation. The small number of patients in the
high COTE group could be the reason for this finding.
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In this study, CCl, COTE, and COMCOLD scores
were correlated with the frequency and severity of
AECOPD. To our knowledge, this is the first study to
compare the reliability of these three indices in
estimating the anticipated frequency of AECOPD
episodes. Further studies with larger sample sizes are
required to confirm these findings.

Our study has some strengths and limitations. One of
the strengths of this study is that the patients were
prospectively enrolled in the study, not retrospectively,
using records with ICD codes. The other strength is
that every patient's COPD diagnosis was confirmed
using spirometry. The most important limitation of
this study is the small number of participants.
Therefore, studies with larger cohorts are required to
validate these findings.

CONCLUSION

Comorbidities are among the most important risk
factors for AECOPD. The management of
comorbidities begins by recognizing them. Screening
for comorbidities that can affect the disease course
is vital. Therefore, incorporating at least one
comorbidity index during assessment ensures that
comorbidities are not overlooked during diagnostic
and therapeutic processes. The CCl, COTE, and
COMCOLD are useful tools to obtain information
about the comorbidities affecting exacerbations in
COPD patients.
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