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Abstract

Background: Comorbidities are common in patients with chronic obstructive pulmonary
disease (COPD). Previous studies indicate that both an increase in number of comorbidities
and specific types of comorbidities may predict readmission risk after a COPD index
admission.

Aim: This study analysed the association between number of comorbidities and the risk of 30,
90- and 365-day all-cause readmission in a cohort of Danish patients hospitalised with a COPD
exacerbation. Furthermore, this study analysed whether specific types of comorbidities, such
as heart diseases, cancer, diabetes, lung diseases, sleep apnea, stroke, ulcers, liver cirrhosis,
renal failure and psychological diseases were predictive for 30-, 90 and 365-day all-cause
readmission. Lastly, this study examined whether the number or type of comorbidity was a
greater predictor for all-cause readmission.

Methods: A retrospective cohort study was conducted based on data collected for all patients
hospitalised with a COPD exacerbation in the North Denmark Region in 2018.

Cumulative incidence of readmission was assessed using Kaplan-Meier analysis. Two adjusted
Cox proportional hazards models were applied to test the association between 30-, 90- and
365-day readmission and the number and types of comorbidities, respectively. Receiver
operating characteristic (ROC) curves were created for both models. The area under the ROC
curves (AUC) was calculated to evaluate which of the two models were better at predicting
readmission.

Results: A total number of 1439 patients aged >40 years were included. All-cause 90- and 365-
day readmission was significantly higher in the groups with 2-3 comorbidities (HR: 1.304, 95%
confidence interval (Cl): 1.051-1.617 and HR: 1.254, Cl: 1.057-1.489) and >4 comorbidities
(HR: 1.984, Cl: 1.385-2.842 and HR: 2.129, ClI: 1.578-2.872) compared with patients without
comorbidities. Comorbidities associated with significantly increased 30-, 90- and 365-day all-
cause readmission included atrial fibrillation/flutter and interstitial lung disease (all p-values
<0.05). Anxiety was a predictor of 30- and 365-day all-cause readmission (HR: 1.775, Cl: 1.136-
2.773 and HR: 1.530, Cl: 1.144-2.047). Furthermore, asthma and lung cancer were associated
with increased 365-day readmission (HR: 1.767, Cl: 1.596-1.986 and HR: 1.471, Cl: 1.086-
1.993). The AUCs for the model with humber of comorbidities (AUCs: 0.896, 0.871, 0.875)
were higher than those for the model with types of comorbidities (AUCs: 0.800, 0.840, 0.848).

Conclusion: This study found that atrial fibrillation/flutter, interstitial lung disease, asthma,
lung cancer, anxiety and having 22 comorbidities are risk factors for readmission.
Furthermore, the number of comorbidities is a better predictor of 30-, 90- and 365-day
readmission than type of comorbidity.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a lung disease characterised by chronic
airflow limitation, persistent respiratory symptoms, and a progressive and irreversible decline
in lung function [1]. It is estimated that the global prevalence of COPD is 10.3% approximately
and COPD has become one of the top three causes of death globally [1]. The prevalence and
fatality rates are rising [2; 3].

Acute exacerbations of COPD (AECOPD) are common [1] and are defined as an acute
worsening in the patient’s respiratory symptoms requiring additional therapy [7]. Frequent
exacerbations lead to a rapid deterioration of lung function [8], which results in persistent
respiratory symptoms, such as dyspnoea, cough and increased sputum production [1; 7].
Furthermore, frequent exacerbations are associated with reduced physical activity and higher

hospitalisation and readmission rates [1; 9; 10].

Studies have shown that readmission rates are high among COPD patients following a COPD
index admission [11; 12]. Studies suggest that approximately half of all readmissions in COPD
patients are due to non-respiratory reasons [17; 18-20] and non-COPD related readmission
rates tend to increase over time [22].

According to multiple studies, factors such as high age, being male, previous exacerbations,
increased length of initial hospital stay (LOS), alcohol use, smoking and low body mass index
(BMI) are known risk factors for increased readmission in COPD patients [12; 15; 23].
Furthermore, comorbidities - defined as the presence of any additional disease co-occurring
with a patient’s primary disease [112] - have been associated with a significantly increased
risk of both COPD-related and non-COPD-related readmissions in COPD patients [12; 24].

A recent systematic review and meta-analysis examined which comorbidities had the highest
effect on 30- and 90-day all-cause readmission following a COPD index admission. The study
found that the strongest association was with congestive heart failure (CHF), depression and
renal failure [53]. Other studies found coronary artery disease and heart failure to be the most
important predictors of readmission in COPD patients [12; 17; 21; 25]. According to the
newest Global Initiative for Chronic Obstructive Lung Disease (GOLD) report, clinicians should
be especially attentive to comorbidities such as ischaemic heart disease, arrhythmias, lung
cancer, osteoporosis, gastroesophageal diseases (GERD), diabetes, obstructive sleep apnea,
depression and anxiety as these may have a significant impact on disease course in COPD
patients [1].

Although specific types of comorbidities are reported to be a risk factor for all-cause
readmission in COPD patients, the number of comorbidities is also a risk factor.
Multimorbidity - defined as the presence of two or more chronic conditions, where one is not

necessarily more central than the others [26] - is associated with increased all-cause
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readmission rates 30 and 90 days after a COPD index admission [12; 15; 27]. The more
comorbidities a COPD patient has, the higher the risk of getting readmitted [14; 20; 28].

An increase in readmission rates is unfortunate, as studies have found that regardless of
readmission cause, COPD patients who are readmitted within 30 and 90 days of index
hospitalisation have unfavourable clinical outcomes, i.e. poorer quality of life [4; 13; 14] and
increased all-cause mortality for the next three years [9; 15; 16]. Also, readmissions are costly
for the healthcare system and result in potentially avoidable resource utilisation [5; 6; 14].
Due to the ageing population [29] and the fact that comorbidities are increasingly frequent at
a higher age [30], it is conceivable that there will be a higher number of multimorbid COPD
patients in the future [1]. Hence, it is of importance to examine the effect of comorbidities on
COPD patients [31].

Hypothesis and aims

Even though previous studies suggest that both specific types of comorbidities and number
of comorbidities are important predictors for all-cause readmission in COPD patients [12; 27;
28], none of them compared these predictors. Thus, there is a lack of knowledge in this field.
Furthermore, most studies have only analysed the effect of comorbidities on readmission
rates at 30 or 90 days of hospital discharge, but the long-term evidence is limited [32].

Thus, in this study it is hypothesised that both number and type of comorbidities have an
affect on short- and long-term readmission in COPD patients. Also, it is hypothesised that the
number of comorbidities compared to type of comorbidity is greater at predicting 30-, 90-

and 365-day readmission in COPD patients.

The primary aim of this study is therefore to determine whether there is a significant effect
of number of comorbidities on 30-, 90- and 365-day all-cause readmission in Danish COPD

patients.

The secondary aims of this study are to determine whether specific types of comorbidities,
including heart diseases, cancer, diabetes, lung diseases, sleep apnea, stroke, ulcers, liver
cirrhosis, renal failure and psychological diseases, are predictive for 30-, 90- and 365-day all-
cause readmission in Danish COPD patients, and furthermore, to determine whether the
number of comorbidities compared to the type of comorbidity is a greater predictor for 30-,

90- and 365-day all-cause readmission in Danish COPD patients.
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Methods

Literature search

A systematic literature search was conducted to identify existing published research
regarding comorbidities and readmission rates in COPD patients as well as to identify whether
the research question previously had been answered.

PubMed, which is a free biomedical database, was searched. Additionally, the biomedical
database Embase was searched, as this database can contribute with unique publications not
accessible in PubMed [33; 34].

The PICO framework (shown in Table 1) was used in the search strategy to specify and clarify
the literature search [35]. In each block different subject headings were searched - MeSH
terms in PubMed and Emtree terms in Embase - to obtain a specific search with high precision
[36]. By using subject headings, all the literature covering the field will typically not be found
[37], thus, free-text terms were also searched. The free-text terms were for example found
by using synonym dictionaries. The free-text terms and subject headings were within each
block combined with the Boolean operator “OR”. Each block was then combined with the

Boolean operator “AND”.

Table 1.
PICO framework: The combinations of free-text terms, MeSH terms and Emtree terms used to
build block searches in PubMed and Embase.

PubMed Keywords Search strategies

8.10.22,

4:31 pm

Block P COPD patients | "pulmonary disease, chronic obstructive"[MeSH Terms] OR "acute

(population) | admitted due | exacerbation of COPD"[Text Word] OR "acute exacerbation of
to COPD chronic obstructive pulmonary disease"[Text Word] OR

Block |
(intervention)

exacerbation

Having one or
more
comorbidities

"AECOPD"[Text Word] OR "respiratory system disease*"[Text
Word] OR "COPD"[Text Word] OR "copd patient*"[Text Word] OR
"copd exacerbation*"[Text Word] OR "chronic obstructive
pulmonary disease*"[Text Word] OR "chronic obstructive lung
disease*"[Text Word] OR "COAD"[Text Word] OR "chronic
obstructive airway disease*"[Text Word] OR "chronic airflow
obstruction*"[Text Word] OR "pulmonary emphysema"[Text
Word] OR "lung emphysema"[Text Word] OR "chronic
bronchitis"[Text Word]

"Comorbidity"[MeSH Terms] OR "comorbidit*"[Text Word] OR
"multimorbidit*"[Text Word] OR "co morbid condition*"[Text
Word] OR "concomitant disease*"[Text Word] OR "concomitant
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disorder*"[Text Word] OR "concurrent disease*"[Text Word] OR
"concurrent disorder*"[Text Word] OR "co diagnos*"[Text Word]
OR "secondary diagnos*"[Text Word]) OR “concurrent chronic
disorder*”[Text Word] OR “multiple condition*”[Text Word] OR
“multiple illness*”[Text Word] OR “multiple disease*”[Text Word]
OR “multiple disorder*”[Text Word] OR “multiple chronic
condition*”[Text Word] OR “multiple chronic illness*”[Text Word]
OR “multiple chronic disease*”[Text Word] OR “multiple chronic
disorder*”[Text Word] OR “concurrent chronic condition*”[Text
Word] OR “concurrent illness*”[Text Word] OR “concurrent
chronic medical condition*”[Text Word] OR “concurrent medical
condition*”[Text Word] OR  “multiple chronic health
condition*”[Text Word] OR “co existing disease*”

Block C Not having Not applicable
(comparison) | comorbidities
Block O All-cause "Patient Readmission"[MeSH Terms] OR "readmission rate*"[Text
(outcome) readmission Word] OR "all cause readmission*"[Text Word] OR "unexpected
after a COPD hospital readmission*"[Text Word] OR "unplanned hospital
index readmission*"[Text Word] OR "unexpected readmission*"[Text
admission Word] OR "unplanned readmission*"[Text Word] OR
"readmission*"[Text Word] OR "patient readmission*"[Text Word]
OR "hospital readmission*"[Text Word] OR "readmission
risk*"[Text Word] OR "readmit*"[All Fields] OR "re entr*"[All
Fields] OR 'rehospitali*'
Embase Keywords Search strategies
8.10.22,
5:28 pm
Block P COPD patients | ‘chronic obstructive lung disease’/exp OR 'acute exacerbation of
(population) | admitted due | copd' OR 'acute exacerbation of chronic obstructive pulmonary
to COPD disease' OR 'aecopd' OR 'respiratory system disease*' OR 'copd' OR

exacerbation

'‘copd patient®' OR 'copd exacerbation*' OR 'chronic obstructive
lung disease*' OR 'coad' OR 'chronic obstructive airway disease*'
OR 'chronic airflow obstruction*' OR 'pulmonary emphysema' OR
'lung emphysema’' OR 'chronic bronchitis' OR ‘chronic obstructive
lung disease®

Block |
(intervention)

Having one or
more
comorbidities

‘multiple chronic conditions’/exp OR ‘comorbidity’/exp OR
‘comorbidit*' OR 'multimorbidit*' OR 'co morbid condition*' OR
‘concomitant disease*' OR 'concomitant disorder*' OR 'concurrent
disease*' OR 'concurrent disorder*' OR ‘concurrent chronic
disorder’ OR ‘concomitant chronic disorder*’ OR 'co diagnos*' OR
'secondary diagnos*' OR 'multiple chronic condition*' OR 'multiple
chronic disease*' OR 'multiple chronic disorder*' OR ‘multiple
condition®*” OR ‘multiple illness* OR ’‘multiple disease* OR
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‘multiple disorder®*” OR  ‘multiple chronic illness* OR
‘simultaneous chronic medical condition*’ OR ‘concurrent chronic
condition® OR ‘simultaneous chronic illness* OR ‘concurrent
illness*”  OR ‘concurrent chronic medical condition*” OR
‘concurrent medical condition®* OR ‘multiple chronic health
condition*’ OR ‘co existing disease*’

Block C Not having Not applicable

(comparison) | comorbidities

Block O All-cause ‘hospital readmission’/exp OR ‘'hospital readmission*' OR

(outcome) readmission ‘'readmission rate*' OR 'readmission*' OR 'unexpected hospital
after a COPD readmission*' OR ‘'unplanned hospital readmission*' OR
index 'unexpected readmission*' OR 'unplanned readmission*' OR 'all
admission cause readmission*' OR 'patient readmission*' OR 'readmission

risk*' OR 're entr*' OR 'rehospitali*'

Two reviewers independently screened relevant titles and abstracts to determine whether

they met the inclusion criteria. Studies were included that investigated: a) readmission after

an initial admission with COPD exacerbation, b) all-cause readmission to a hospital, not only

to an emergency department etc., and c) analysed the effect of specific comorbidities or

number of comorbidities on readmission rates in COPD patients. Quality of the included

studies was assessed by using relevant checklists for the different study types in the articles

[38].

In figure 1 the results of the literature search are shown. A total of 65 studies were included.
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Figure 1. PRISMA flow diagram of the search, screening and inclusion process.

Study design

This retrospective cohort study was conducted in The North Denmark Region, which covers a
population of ~ 0.60 million people (about 10% of the Danish population) [39]. Denmark is a
unique setting for conducting registry-based studies, as it has a long tradition of continuous
registration of high-quality medical data [40-42]. The Danish National Patient Registry (DNPR)
provides information on all inpatient admissions to hospital since 1977 as well as all
outpatient clinic and emergency room visits since 1995 [41]. Since 1994 each admission has
been registered in the DNPR with one primary diagnosis and up to several secondary
diagnoses according to the 10th revision of the International Classification of Diseases (ICD-

10). Furthermore, state health care is free of charge to anyone living and working in Denmark,
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guaranteeing universal medical care for all Danish residents and partial reimbursement for

prescribed medications [40].

In this study, data was collected for the Exacerbations of COPD; identification of risk factors
for readmission (EXAcise) database from electronic medical records of patients admitted to
any of the hospitals in The North Denmark region in 2018 with the diagnosis exacerbation of
chronic obstructive pulmonary disease (COPD). The database was created, and date
registered using REDCap® (Vanderbilt University, Nashville, Tennessee, USA). Data was
collected according to a protocol by Hansen et. al from 2021 [43]. The database was validated
by another entry clerk uninvolved in this study. The entry clerk randomly re-registered data
on 10% of the study population. Data were compared by means and a max difference of 5%

was allowed. Data were revisited if a difference more than 5% was observed.

Study population
The study population consisted of all COPD patients in The North Denmark region who had

been admitted to any of the hospitals in the region between January 1st and December 31st
in 2018. An admission was defined as an overnight stay in hospital. Index admission was
chosen to be the first admission within 2018. Index admission diagnoses were defined
according to Thomsen et al. [44]. Thus, patients with an ICD-10 hospital discharge diagnosis
code of COPD (J44) were included. COPD diagnoses were included if they were coded either
as a primary or a secondary diagnosis combined with a primary diagnosis code for pneumonia

(J13-J18) or acute respiratory failure (J96) during the same index admission [44].

Patients were excluded if they a) were aged under 40 years due to the potential risk of
misclassification of asthma as COPD [45; 46], b) were hospitalised with indications other than
AECOPD, c) died in-hospital during index admission, or d) were not resident in the North
Denmark region to make sure that potential future readmissions were accessible.
Furthermore, patients that developed pneumonia or AECOPD during index admission due to
other diagnoses were excluded as instructed by Hansen et al. 2021 [43]. Outpatient surgeries

or emergency room visits were neither included as index admissions or readmissions.

To ensure that patients were not wrongly excluded, their individual medical records were
checked manually in terms of examining whether a COPD patient had been treated for

AECOPD or pneumonia without the right ICD-code being registered.
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Outcome

The primary outcome of interest was readmission, defined as a hospitalisation at any hospital
in the region for any reason occurring within 30, 90 and 365 days of discharge from a COPD
index admission. Time to readmission was defined as the number of days from discharge (day
0) to the first admission up to day 30, 90 and 365.

The secondary outcome measure was mortality. Date of death was registered for the patients

who died within 30, 90 and 365 days after index admission.

Collection of covariates

The major independent variable was a set of 17 comorbidities in accordance with the COPD
specific comorbidity test (COTE) [43]. Relevant comorbidities registered were chronic heart
failure, coronary artery disease, atrial fibrillation/flutter, stroke, lymphoma/leukemia, lung
cancer, all other cancers, interstitial lung disease, asthma, chronic renal failure, gastric- or
duodenal ulcers, liver cirrhosis, diabetes mellitus type 1 and 2, depression and anxiety.

Furthermore, sleep apnea was registered as a comorbidity [1].

Data on comorbidities was collected from the patient’s admission record. If the patient’s
medical list indicated that the patient had a relevant comorbidity not mentioned in the
admission record, with no doubt to the indication for the medication, the comorbidity was

included. Comorbidities were categorised into having 0, 1, 2-3 and 2 4 comorbidities.

Besides comorbidities, age, gender and smoking status were included. Age was categorised
into six groups: 40-49, 50-59, 60-69, 70-79, 80-89 and = 90 years with 70-79 years being the
reference group. Gender and smoking were dichotomised, where smokers were divided into
two groups; former/never smokers and active smokers. Other covariates were registered as

described in the protocol by Hansen et al. [43].

Statistical analysis

Descriptive statistics were used to summarise the data. Categorical variables were expressed
as frequencies and percentages, while continuous variables were summarised as mean +
standard deviation (SD) if normally distributed or median and interquartile range (IQR)
otherwise.

First, baseline demographics and characteristics were compared between the groups: a)
comorbidities categorised in number vs no comorbidities and b) types of comorbidities vs no
comorbidities. Second, baseline characteristics were compared between readmitted and not

readmitted patients within 30, 90 and 365 days, respectively. Categorical variables were
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compared using the chi-square or Fisher’s exact test. Continuous variables were compared
using unpaired t-test if normally distributed or Mann-Whitney U tests if not normally
distributed.

Kaplan-Meier curves were used to compare the cumulative incidence of readmission (time to
readmission) of patients without comorbidities and with 1, 2-3 and > 4 comorbidities,
respectively. Furthermore, patients with and without the 17 types of comorbidities were

compared. The log-rank test was conducted to check for statistical significance.

Cox proportional hazards regression models were applied to assess predictors of 30-, 90- and
365-day all-cause readmission, also taking other covariates into account. To test the
proportional hazards assumptions the interaction between the time measure and the
covariates in the models were tested [47]. Results were presented as hazard ratios (HR).
Two Cox regression models were applied, one with number of comorbidities (model A) and
one with types of comorbidities (model B) as main independent variables. In model A
comorbidities were treated as nominal variables with 0 comorbidities being the reference
group. In model B all 17 comorbidities were treated as dichotomous variables. In both models
it was adjusted for gender, age and smoking status.

The two Cox regression models were repeated for mortality.

To compare which of the two models were better at predicting readmission, receiver
operating characteristic curves (ROC curves) were created for both models. Hypothesis tests
were done to evaluate whether the area under the ROC curves (AUC) differed significantly
from 0.5 [48]. For ROC curves for both models at 30, 90 and 365 days, respectively, AUC was
calculated and compared to determine which model was better at predicting readmission.
The closer the AUC values were to 1.0 the better the model was at predicting readmission.

AUC results were considered good for AUC values above 0.8 [49; 50].

In all analyses a confidence interval (Cl) of 95% was reported and a p-value of <0.05 was
considered statistically significant.

All data were analysed using the Software Statistical Package for the Social Sciences (SPSS),
version 28.0.1.1.

Ethics
The study was registered in the North Denmark Region with ID-number F2022-123. The study

was approved by the Danish Patient Safety Authority with case number 31-1521-34. No

ethical approval was required for this study.
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Results

Study population and characteristics

As shown in Figure 2, a total of 1776 patients were identified from the database of the North
Denmark Region. Data collection was initiated in September 2020, and in September 2022
data had been collected on all patients. In total 1532 patients were registered in the EXAcise
database. Out of these, a final number of 1439 patients were included in this study.

Through the validation proces no systematic errors were identified in the primary data

registry.
( )
Patients identified from the database of the
North Denmark Region
n=1776
\. J
( . . ) (.. o)
Patients with no Patients hospitalised
COPD diagnosis ( ) in 2017 and
confirmed discharged in 2018
n=42 n=4
J . J
(s ) N\
Pa’_tlents not resident Patients not
IS Notherm hospitalised overnight
Denmark Region < > P n=28 g
\ n=7 J \ J
- 4
Patients hospitalisec? )
with other indications ( ) Patients < 18 years
than AECOPD n=21
n=139 ) L )
4 N
Patients registered in the EXAcise database
n =1532
\ J
. s ) (
Patients who died
during index » > Patients < 40 years
admission n=3
n=90 ) L
a Y
Patients included in this study
n =1439
\ g

Figure 2. Cohort selection process and the exclusion criteria.

Note. Abbreviations: COPD = chronic obstructive pulmonary disease. AECOPD = acute exacerbations of
COPD. EXAcise = Exacerbations of COPD; identification of risk factors for readmission.
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Table 2 shows that baseline characteristics were equally distributed between the readmitted
and non-readmitted groups in terms of age and gender. On index admission the COPD
patients with 90- and 365-day readmissions had on average more comorbidities compared to
the non-readmitted group (p < 0.001).

Table 2.
Baseline characteristics of the cohort classified into patients with and without 30-, 90- and

365-day readmissions.

Male n (%) 473 (74.4) 163 (25.6) 375 (59.0) 261 (41.0) 238 (37.4) 398 (62.6)
Female n (%) 605 (25.6) 198 (74.4) 492 (41.0) 311 (59.0) 127 (62.6) 494 (37.4)
Age in years
mean (SD) 74.5 (10.2) 74.5 (10.3) 74.3 (10.2) 74.7 (10.4) 74.1 (10.5) 74.7 (10.1)
median (IQR) 75.0 (15.0) 75.0 (13.0) 75.0 (15.0) 76.0 (13.0) 74.0 (15.0) 75.0 (13.8)
Smoking status
Active smoker n (%) @ 406 (37.7) 137 (38.0) 341 (39.3) 202 (35.3) 213 (38.9) 330(37.0)
Non-smoker n (%) 565 (52.4) 188 (52.1) 443 (51.1) 310 (54.2) 280 (51.2) 473 (49.0)
Missing values 107 (9.9) 36 (10.0) 83 (9.6) 60 (10.5) 54 (9.9) 89 (10.0)
Number of
comorbidities
mean (SD) 1.23(1.2) 1.35(1.2) 1.17 (1.1) 1.40 (1.2)* 1.10 (1.0) 1.36 (1.2)*
median (IQR) 1.00 (2.0) 1.00 (2.0) 1.00 (2.0) 1.00 (2.0) 1.00 (2.0) 1.00 (2.0)
Note.
* p<0.001.
**p < 0.005.

Abbreviations: SD = standard deviation. IQR = interquartile range.

Distribution of comorbidities

Figure 3A and 3B illustrate the distribution of types of comorbidities and number of
comorbidities. As shown in Table 3, there was a significant difference in number of
comorbidities between gender, smoking status and age. Patients with > 2 comorbidities were
more likely men and had a higher age compared with patients without comorbidities.
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Figure 3: A. Distribution types of comorbidities in all 1439 patients with a COPD index
admission in 2018 in the North Denmark Region, and B. Distribution of number of
comorbidities in all 1439 patients with a COPD index admission in 2018 in the North Denmark
Region.

Table 3.
Baseline characteristics of the cohort classified into number and types of comorbidities.

Number *
0 168 (26.4) 256 (31.9) 72.9 (10.7) 74.0 (15.0) 166 (30.1) 220 (29.2)
1 217 (34.1) 288 (35.9) 75.2 (10.0) 74.0 (14.5) 202 (37.2) 255 (33.9)
2-3 218 (34.3) 226(28.1)**  76.3(9.6) 77.0 (12.0)* 159 (29.2) 239 (31.7)**
>4 33(5.2) 32 (4.1) 76.7 (8.8) 77.0 (12.0)** | 16 (2.9) 39 (5.2)
Type °
Chronic heart | 79 (12.4) 60 (7.5)** Yes:76.2 (9.6)  78.0(14.0) Yes: 47 (8.7) 73(9.7)
failure No:74.3(10.3)  75.0 (14.0)** | No:496(91.3) 680 (90.3)
Coronary heart 159 (25.0) 145 (18.1)* Yes: 77.0 (9.3) 78.0 (13.0) Yes: 110 (20.3) 156 (20.8)
disease No: 73.8 (10.4) 74.0 (15.0)* No: 433 (79.8) 597 (79.3)
AF/ AFL 151 (23.7) 137 (17.1)** | Yes:79.0(8.2)  79.0(12.0) Yes: 91 (16.8) 161 (21.4)
No:73.4(10.4)  74.0 (15.0)* | No:452(83.2)** 592 (78.6)
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Stroke 65 (10.2)
Lymphoma / 6 (0.9)
Leukemia
Cancer 61 (9.6)
Lung cancer 31(4.9)
Interstitial lung 16 (2.5)
disease
Asthma 43 (6.8)
Chronic renal 52 (8.2)
failure
Ulcers 6 (0.9)
Liver cirrhosis | 2 (0.3)
Diabetes 5(0.8)
mellitus type 1
Diabetes 128 (20.1)
mellitus type 2
Sleep apnea 22 (3.5)
Depression 36 (5.7)
Anxiety 17 (2.7)

Note.

* p < 0.001.

** p < 0.05.

71 (8.8)

9(1.1)

40 (5.0)*

39 (4.9)

8 (1.0)**

89 (11.1)**

31 (3.9)*

9(1.1)

7(0.9)

7(0.9)

128 (16.0)

9 (1.1)**

103 (12.8)*

47 (5.9)**

Yes: 75.3 (9.4)
No: 74.4 (10.3)
Yes: 74.4 (12.4)
No: 74.5 (10.2)
Yes: 77.2 (9.2)
No: 74.3 (10.3)
Yes: 74.7 (7.3)
No: 74.5 (10.4)
Yes: 77.1 (10.1)
No: 74.4 (10.2)
Yes: 72.2 (11.2)
No: 74.7 (10.1)
Yes: 80.4 (8.0)
No: 74.1 (10.3)
Yes: 77.4 (8.0)
No: 74.5 (10.3)
Yes: 71.0 (6.5)
No: 74.5 (10.3)
Yes: 73.6 (6.1)
No: 74.5 (10.3)
Yes: 75.0 (9.5)
No: 74.4 (10.4)
Yes: 70.3 (9.2)
No: 74.6 (10.3)
Yes: 73.4 (10.5)
No: 74.6 (10.2)
Yes: 70.5 (10.5)
No: 74.7 (10.2)

75.0 (14.0)
75.0 (14.0)
70.0 (22.0)
75.0 (14.0)
78.0 (13.0)

75.0 (14.0)**

75.0 (10.0)
75.0 (14.0)
76.0 (16.0)
75.0 (14.0)
72.5 (16.0)

75.0 (14.0)**

81.0 (12.0)
75.0 (15.0)*
80.0 (12.0)
75.0 (14.0)
70.0 (7.0)
75.0 (14.0)
74.0 (6.0)
75.0 (14.0)
75.0 (13.0)
75.0 (15.0)
71.0 (13.0)

75.0 (14.0)**

74.0 (16.0)
75.0 (14.0)
73.0 (12.0)

75.0 (14.0)**

Yes: 45 (8.3)
No: 498 (91.7)
Yes: 4 (0.7)
No: 539 (99.3)
Yes: 30 (5.5)
No: 513 (94.5)
Yes: 30 (5.5)
No: 513 (94.5)
Yes: 4 (0.7)
No: 539 (91.7)
Yes: 48 (8.8)
No: 495 (91.2)
Yes: 20 (3.7)
No: 523 (96.3)**
Yes: 6 (1.1)
No: 537 (98.9)
Yes: 3 (0.6)
No: 540 (99.4)
Yes: 5(0.7)
No: 538 (71.4)
Yes: 91 (12.1)
No: 452 (60.0)
Yes: 7 (0.9)
No: 536 (98.7)
Yes: 61 (11.2)
No: 482 (88.8)
Yes: 29 (5.3)
No: 514 (94.7)

2 All the groups with number of comorbidities are compared with the zero comorbidity group

(reference group).
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73 (9.7)
680 (90.3)
9(1.2)
744 (98.9)
64 (8.5)
689 (91.5)
34 (4.5)
719 (95.5)
16 (2.1)
737 (97.9)
78 (10.4)
675 (89.6)
53 (7.0)
700 (93.0)
9(1.2)
744 (98.8)
5(0.7)
748 (99.3)
5(0.7)
748 (99.3)
133 (17.7)
620 (82.3)
17 (2.6)
736 (97.7)
67 (8.9)
686 (91.1)
32 (4.2)
721 (95.8)

® Yes = mean age + SD and median * IQR in patients having the comorbidity. No = mean age + SD and
median £ IQR in patients not having the comorbidity.

Abbreviations: SD = standard deviation. IQR = interquartile range. AF = atrial fibrillation. AFL = atrial
flutter. Ulcers = gastric or duodenal ulcers.



COMORBIDITIES AND READMISSION IN COPD PATIENTS 15

Number of comorbidities and readmission

Figure 4A shows the log-rank test comparing the Kaplan-Meier curves (i.e. time to
readmission) between patients without comorbidities and with 1, 2-3 and > 4 comorbidities,
respectively. The Kaplan-Meier plot showed that patients with 2-3 and > 4 comorbidities had
significantly shorter readmission free survival time compared with patients without
comorbidities at 90- and 365-day follow-up (all p-values <0.05).

Results from the adjusted Cox proportional hazards regression models (Table 4A) reported a
significantly higher all-cause readmission at 90- and 365-day follow-up among patients with
2-3 comorbidities (HR: 1.305, 95% Cl: 1.051-1.618, and HR: 1.254, 95% Cl: 1.059-1.489) and
> 4 comorbidities (HR: 1.984, 95% Cl: 1.386-2.839 and HR: 2.129, 95% Cl: 1.578-2.870)

compared with patients without comorbidities.
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| , —+— 1 comorbidity-censored
3 - \\L_\ ' 2-3 comorbidities-
L2 ’ = censored
c . = , idities- d
S " N >4 comorbidities-censore
‘5 06 Ty . +.
w . | . H"H_,_‘
é . 9 P ‘ﬂ '\“x
? S D ;
P : LT*, . pa———ny
bt . 4 T
0.4 : | \m
g X F
=} ’ ' L 4-
o
S . . —_— .
£ X X 1 .
8 0.2 v v }»
0.0
.00 100.00 200.00 300.00 400.00

Time to readmission in days



COMORBIDITIES AND READMISSION IN COPD PATIENTS 16

Figure 4B

Cumulative readmission (%) at:

30 days 90 days 365 days
Number of comorbidities
0 (reference group) 23% 36% 59%
1 24% 38% 58%
2-3 29% 43% * 66% *
>4 36% 58% ** 82% **
Type of comorbidity
Chronic heart failure 10% 41% 71% **
Coronary artery disease 6% 39% 65%
Atrial fibrillation/ flutter 30% * 53% 72% *
Stroke 7% 39% 61%
Lymphoma/ leukemia 20% 32% 52%
Cancer 17% 41% 65%
Lung cancer 18% 41% 68%
Interstitial lung disease 6% 59% 75% **
Asthma 7% 36% 61% **
Chronic renal failure 20% 40% 67%
Gastric/duodenal ulcers 0% 40% 73%
Liver cirrhosis 0% 45% 55%
Diabetes mellitus type 1 0% 33% 68%
Diabetes mellitus type 2 10% 43% 65%
Sleep apnea 3% 42% 72%
Depression 6% 40% 71%
Anxiety 35% ** 44% ** 80% **

Figure 4: A. Kaplan-Meier curves showing the cumulative time to readmission over the study
period of 365 days for the ‘number of comorbidities’ subgroup, and B. Cumulative readmission
at 30, 90 and 365 days for the subgroups of types and number of comorbidities.

Note.

Horizontal lines indicate 30, 90 and 365 days.

Subgroups of number of comorbidities were compared with the 0 comorbidity group (reference
group). Patients with the specific types of comorbidities were compared with patients who did not
have these comorbidities (reference group).

* p <0.001, according to the log rank test.

** p < 0.05, according to the log rank test.
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Table 4.

A. Adjusted hazard ratios with 95% confidence intervals testing associations between
probability of all-cause 30-, 90- and 365-day readmission and number of comorbidities.

B. Adjusted hazard ratios with 95% confidence intervals testing associations between

probability of all-cause 30-, 90- and 365-day readmission and types of comorbidities.

4A
HR Cl (95%) p HR Cl (95%) p HR Cl (95%)
Number *
0 1.0 1.0 1.0
1 0.974 0.739-1.286 NS 1.070 0.862-1.329 NS 1.046 0.882-1.240
2-3 1.115 0.842-1.475 NS | 1305 1.051-1.618 ** | 1.254 1.059-1.489
>4 1.106 0.649-1.895 NS 1984 1.386-2.839 * 2.129 1.578-2.870
4B
HR Cl (95%) p HR Cl (95%) p HR Cl (95%)

Type"
Heart failure 0.827 0.554-1.230 NS | 0988 0.751-1.302 NS | 1.090 0.874-1.360
CAD 0.838 0.630-1.113 NS 0947 0.771-1.163 NS  1.069 0.907-1.259
AF / AFL 1.596 1.231-2.074 * 1.630 1.339-1.982 * 1.461 1.240-1.721
Stroke 1.026 0.711-1.478 NS 1.051 0.798-1.389 NS 0.994 0.789-1.248
Lymphoma / 1.618 0.661-3.965 NS | 1.124 0.497-2540 NS 0964 0.476-1.954
Leukemia
Cancer 1.265 0.842-1909 NS 1.151 0.836-1.579 NS 1.180 0.913-1.519
Lung cancer 1.178 0.722-1939 NS 1417 0981-2.053 NS | 1.469 1.094-1.999
Interstitial lung | 2.047 1.037-4.038 ** | 1.774 1.029-3.050 ** | 1.711 1.062-2.759
disease
Asthma 0.845 0.567-1.260 NS 0.869 0.644-1.182 NS | 1.764 1.593-1.983
Chronic renal 0.949 0.569-1.571 NS 0958 0.672-1.361 NS @ 1.073 0.808-1.424
failure
Ulcers 1.869 0.765-4.588 NS ' 1.840 0.903-3.735 NS | 1.799 0.983-3.286
Liver cirrhosis 1.511 0.519-4.385 NS 1510 0.621-3.674 NS  1.040 0.428-2.512
DM1 1.020 0.319-3.221 NS 0939 0.386-2.268 NS | 0.898 0.442-1.803
DM?2 0.905 0.669-1.217 NS 1.203 0978-1.484 NS 1.128 0.947-1.338
Sleep apnea 0.971 0.452-2.081 NS 1.004 0.569-1.758 NS | 1.120 0.718-1.743
Depression 0.686 0.452-1.039 NS 1.065 0.805-1.408 NS @ 1.161 0.929-1.447
Anxiety 1.776 1.136-2.773 ** 1305 0.890-1.912 NS | 1.530 1.145-2.047

Note.

* p <0.001.

** 1 < 0.05.

All analyses were adjusted for age, gender and smoking status.

2 All the groups with number of comorbidities are compared with the zero comorbidity group
(reference group).

® The specific types of comorbidities are compared with not having the comorbidity.

Abbreviations: HR = hazard ratio. Cl = 95% confidence interval. NS = not significant. Heart failure =

chronic heart failure. CAD = coronary artery disease. AF = atrial fibrillation. AFL = atrial flutter. Ulcers

= gastric or duodenal ulcers. DM1 = diabetes mellitus type 1. DM2 = diabetes mellitus type 2.

NS

%k %

NS
NS

NS
NS

NS

%k %

%k %

%k %

NS

NS
NS
NS
NS
NS
NS

%k %
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Types of comorbidities and readmission

As shown in Figure 4B, a log-rank test revealed a significant difference between cumulative
readmission curves of patients with and without atrial fibrillation/atrial flutter and anxiety at
30-, 90- and 365-day follow-up (all p-values <0.001). Furthermore, patients with chronic heart
failure, asthma and interstitial lung disease had significantly shorter readmission free survival

time compared with patients without these comorbidities (all p-values <0.05).

The adjusted Cox proportional hazards analysis (Table 4B) showed that comorbidities
associated with significantly increased 30-, 90- and 365-day all-cause readmission included
atrial fibrillation/atrial flutter and interstitial lung disease (all p-values <0.05). Anxiety was a
significant predictor of 30- and 365-day all-cause readmission (HR: 1.776, 95% Cl: 1.136-2.773
and HR: 1.530, 95% Cl: 1.145-2.047). Furthermore, asthma and lung cancer were associated
with increased 365-day all-cause readmission (HR: 1.764, 95% Cl: 1.593-1.983 and HR: 1.469,
95% Cl: 1.094-1.999).

Mortality

Among all 1439 patients in the study population a total of 81 (5.6%) patients died within 30,
90 and 365 days, respectively, without having any readmission. As shown in Table 5A, having
1, 2-3 and 2 4 comorbidities was associated with significantly increased hazard of mortality
after adjusting for age, gender and smoking status. Table 5B illustrates that lung cancer,
interstitial lung disease, lymphoma/leukemia and chronic renal failure were also significant

predictors of mortality.
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Adjusted hazard ratios with 95% confidence intervals testing associations between probability

of 30-, 90- and 365-day mortality and number and types of comorbidities, respectively.

5A
HR
Number *
0 1.0
1 2.271
2-3 3.694
>4 2.820
5B
HR

Type"
Heart failure 1.326
CAD 1.119
AF / AFL 1.241
Stroke 1.192
Lymphoma / 2.039
Leukemia
Cancer 1.265
Lung cancer 3.663
Interstitial lung | 0.678
disease
Asthma 1.0714
Chronic renal 2.247
failure
Ulcers 2.490
Liver cirrhosis NA
DM1 NA
DM?2 1.105
Sleep apnea NA
Depression 1.012
Anxiety 0.766

Note.

* p <0.001.

** p<0.05.

Cl (95%)

1.051 —-4.909
1.764-7.720
0.863-9.234

Cl (95%)

0.652 -2.691
0.661-1.890
0.716 - 2.156
0.565 —2.507
0.454 -9.160

0.590-2.721
1.754-7.641
0.091-4.992

0.502 - 2.288
1.114-4.530

0.547-11.38
NA
NA
0.619-1.972
NA
0.429 - 2.400
0.181 -3.282

p

%k %

NS

NS
NS
NS
NS
NS

NS

NS

NS

%k %

NS
NS
NS
NS
NS
NS
NS

HR

1.0

2.653
2.416
5.207

HR

0.660
1.704
0.487
0.434
5.255

1.688
4.203
4.071

1.837
2.036

NA
NA
NA
1.328
2.531
0.729
0.640

Cl (95%)

1.130-6.235
1.003 -5.804
1.629 - 16.66

Cl (95%)

0.229-1.911
0.938 —3.098
0.213-1.110
0.104 - 1.798
1.214-22.73

0.725-3.923
1.879-9.400
1.170-14.13

0.805-4.182
0.886 —4.654

NA
NA
NA
0.685-2.571
0.579-11.05
0.218 —2.427
0.088 —4.957

All analyses were adjusted for age, gender and smoking status.

p

%k %
%k %

%k %

NS
NS
NS
NS

%k %

NS

%k %

NS
NS

NS
NS
NS
NS
NS
NS
NS

HR

1.0

2.580
1.901
4.274

HR

0.507
1.530
0.742
1.701
4.351

1.471
3.944
4.954

1.533
1.581

NA

4.160
NA

0.925
1.961
1.140
0.843

Cl1 (95%)

1.372 - 4.863
0.962 - 3.758
1.608 —11.33

Cl (95%)

0.196 -1.312
0.929 -2.516
0.401-1.368
0.550-2.433
1.310-14.46

0.699 —3.127
1.956—-7.945
1.692 —14.49

0.775-3.036
0.722 - 3.439

NA

0.558-31.21
NA

0.450-1.714
0.459 - 8.432
0.511-2.552
0.199 - 3.598

2All the groups with number of comorbidities are compared with the zero comorbidity group

(reference group).

® The specific types of comorbidities are compared with not having the comorbidity.

Abbreviations: HR = hazard ratio. Cl = 95% confidence interval. NA = not applicable. NS = not
significant. Heart failure = chronic heart failure. CAD = coronary artery disease. AF = atrial fibrillation.
AFL = atrial flutter. Ulcers = gastric or duodenal ulcers. DM1 = diabetes mellitus type 1. DM2 = diabetes
mellitus type 2.

%k %

NS

%k %

NS
NS
NS
NS

%k %

NS

%k %

NS
NS

NS
NS
NS
NS
NS
NS
NS



COMORBIDITIES AND READMISSION IN COPD PATIENTS

20

Comparison of model A (number of comorbidities) and model B (type of

comorbidities)

As shown in Figure 5, all models predicting readmission had an AUC over 0.8 and were

significant (all p-values < 0.001). For 30-, 90- and 365-day readmission, respectively, the AUCs

for model A were higher than the AUCs for model B.

ROC curves:
Model A and Model B, 30-day readmission

1 >
"
/)r =
,'/ .
/
/
> 08 ; Z
s f s
= 7/ =
< { 2
a 04 j' b
02}
0 D/ ,,,,,,,,,,,,,,,,,,,,,,,,,,
0.0 0 04 06 0 1.0
1 - Specificity
AUC p-value Cl95%
ModelA 0.896 <0.001 0.873-0.918
ModelB  0.800 <0.001 0.768-0.832

ROC curves:
Model A and Model B, 90-day readmission

Model A

Model B

04 06 0.8

1 - Specificity

AUC p-value Cl95%

0.871 <0.001 0.850-0.893

0.840 <0.001 0.816-0.864

Sensitivity

°

ROC curves:

Model A and Model B, 365-day readmission

AUC

Model A

Model B

0.875

0.848

04 06

1 - Specificity

p-value

<0.001

<0.001

Cl195%
0.855-0.895

0.827-0.870

Figure 5. Receiver operating characteristic curves and area under the ROC curves for hazard

ratios for model A (number of comorbidities) and model B (type of comorbidities) predicting

30-, 90- and 365-day readmission.

Note.

Abbreviations: ROC = receiver operating characteristic curves. AUC = area under the ROC curves. Cl =

95% confidence interval.

Model A
Model B
Reference Line
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Discussion

Interpretation of findings in relation to previously published studies

Results from this retrospective study provide valuable insight regarding risk factors associated
with all-cause readmission in COPD patients. This study found that an increase in number of
comorbidities and specific types of comorbidities including atrial fibrillation/ atrial flutter,
lung cancer, interstitial lung disease, asthma and anxiety were generally associated with an
increased risk of long-term readmission (i.e. 90 or 365 days). The only risk factors associated
with short-term readmission (i.e. 30 days) were atrial fibrillation/ atrial flutter, interstitial lung
disease and anxiety.

Furthermore, findings from this study indicate that the number of comorbidities is better at

predicting 30, 90 and 365-day all-cause readmission compared to type of comorbidity.

Consistent with other studies’ findings [28; 51], this study found that having > 2 comorbidities
generally increased all-cause 90-day readmission after a COPD index admission. This
underlines even further that COPD patients with comorbidities are vulnerable.

Studies suggest that COPD-related readmissions in COPD patients in general are high 365 days
after a COPD index admission [11; 52; 53]. However, these studies did not examine all-cause
readmission rates more than 90 days after a COPD index admission. The present study
indicates that readmission rates in multimorbid COPD patients remain high up to 365 days
after an index admission. This adds new and important information to increase knowledge of

COPD patients’ trajectory after an index admission.

This study found no association between number of comorbidities and 30-day readmission.
This is in contrast to previous studies [14; 20; 28]. These contradictions may be attributed to
differences in selected comorbidities. This study included a larger number of comorbidities
than other studies and was, as far as known, the only one including interstitial lung disease,
depression and anxiety. Furthermore, one previous study only included veterans [20], which
are a homogenous and special population compared to the general population [73; 74]. Thus,
because of the differences in comorbidities and study population, no direct comparisons can

be made between the findings in this study and the other studies.

Similarly to the present study’s results, other studies found a significant association between
increased 30-day readmission and atrial fibrillation/atrial flutter [21] and anxiety [54],
respectively. Although lung cancer and asthma were significantly associated with 30- and 90-
day all-cause readmission in this study, other studies found no association between these
comorbidities and readmission [21; 28]. However, in this study, the confidence intervals for

lung cancer were wide. Thus, there is an uncertainty on the effect size and the degree of
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precision [55]. The wide confidence intervals can be due to the low number of individuals,

and the results should therefore be interpreted with care.

This study found no significant association between readmission and chronic heart failure,
cardiovascular diseases, renal failure and depression. This is inconsistent with other studies,
which reported these comorbidities to be the most important risk factors for 30- and 90-day
all-cause readmission in COPD patients [12; 21; 28; 32; 54; 56; 57]. There might be several
possible explanations for the lack of association. For one, chronic renal failure was a risk factor
for mortality. This makes mortality a potential competing risk and thus, it is conceivable that
these patients died before having readmissions. Secondly, the inconsistency might be due, at
least in part, to the differences in the study populations. In other studies, the average age for
the 30-day and 90-day readmitted patients was between 57 and 69.12 years [28; 54; 56]. In
this study, the 30- and 90-day readmitted patients were considerably older. In Denmark,
COPD is commonly diagnosed at the age of 65 years on average [58], thus, this can explain
why the patients in the present study were older than patients in other studies [28; 54; 56].
Research suggests that younger COPD patients may have similar pulmonary dysfunction as
their older counterparts, but the pattern, prevalence and impact of comorbidities might be
different [59-61]. Therefore, direct comparisons can not be made between this study’s
findings and previously published studies’ findings. Lastly, in Denmark, all COPD patients as
well as patients with other chronic diseases such as cardiovascular diseases and diabetes, are
offered free follow-up care at their primary care physicians [62]. One study found that
patients who had a follow-up visit after discharge had fewer hospital visits and lower
readmission rates [63]. Thus, it is conceivable that the higher follow-up visits could explain
why specific comorbidities, such as cardiovascular diseases, were not associated with

increased readmission in this study.

Studies have shown that co-existent chronic diseases in COPD patients are often undiagnosed
and poorly managed [64; 65]. Thus, there should be focused on addressing these conditions
proactively to timely identify these and start readmission reduction efforts with the intention
of increasing quality of life, reducing decline in lung function, decreasing mortality, and
reducing healthcare costs [1; 66]. This study highlights the importance of identifying all
comorbidities regardless of type rather than focusing on specific comorbidities which have

been reported to have an association with increased readmission in COPD patients.
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Strengths and limitations

The strengths of this retrospective cohort study include the large number of patients
investigated and the setting. Denmark is a great setting for research studies due to the high
reliability of the Danish medical registers, which are well established for a number of
diagnoses [67], procedures [68] and vital status [69]. As state health care is free of charge in
Denmark [40], it is guaranteed that all the patients included in this study had access to free
health care, regardless of economic status. Furthermore, it was possible to identify all COPD
patients with a COPD index admission in the North Denmark Region in 2018.

Another strength of this study is that index admission diagnoses were defined according to
the validation study by Thomsen et al. [44]. Furthermore, to identify patients hospitalised
with an index COPD admission, the patients’” medical records for 2018 were manually
screened for COPD admissions.

Lastly, to minimise misclassification, measure bias and interobserver variation, data was
controlled and validated by another entry clerk uninvolved in this study. Thus, the database

is considered reliable.

A limitation of this study is its retrospective design, as retrospective studies tend to have more
missing data [70]. In general, missing values = 10% are considered substantial [71]. However,
in this study, the confounders adjusted for had < 10% missing data and thus, the risk of the

results in this study being biased is low.

Several studies have found that an AECOPD increases the risk of getting a new AECOPD [40;
41]. However, the first COPD admission in 2018, defined as the index admission in this study,
may not necessarily have been the first-ever AECOPD hospitalisation. Thus, the study
population was a mix of patients who were at different stages in their disease progression,
which may have systematically affected risks for readmission. However, only including
patients with a first-ever AECOPD hospitalisation would possibly result in a significant loss of

power, and thus, all patients with an AECOPD index admission in 2018 were included.
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Conclusion

The results from this retrospective cohort study reported that having 2-3 and 24
comorbidities is associated with a significantly increased hazard of 90- and 365-day
readmission in Danish COPD patients hospitalised with a COPD index admission.

Moreover, atrial fibrillation/ atrial flutter and interstitial lung disease are associated with 30,
90- and 365-day readmission. Besides lung cancer and asthma, anxiety is associated with 365-
day readmission. Furthermore, anxiety is associated with 30-day readmission.

Lastly, the number of comorbidities is a better predictor of 30-, 90 and 365-day readmission

than type of comorbidity.
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