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Purpose: To characterise patients with chronic obstructive pulmonary disease (COPD) who
are rehospitalised for an acute exacerbation, to estimate the cost of these hospitalisations, to
characterise high risk patient sub groups and to identify factors potentially associated with
the risk of rehospitalisation.

Patients and Methods: This was a retrospective study using the French National Hospital
Discharge Database. All patients aged >40 years hospitalised for an acute exacerbation of
COPD between 2015 and 2016 were identified and followed for six months. Patients with at
least one rehospitalisation for acute exacerbation of COPD constituted the rehospitalisation
analysis population. A machine learning model was built to study the factors associated with
the risk of rehospitalisation using decision tree analysis. A direct cost analysis was performed
from the perspective of national health insurance.

Results: A total of 143,006 eligible patients were hospitalised for an acute exacerbation of
COPD (AECOPD) in 2015-2016 (mean age: 74 years; 62.1% men). 25,090 (18.8%) were
rehospitalised for another exacerbation within six months. In this study, 8.5% of patients died
during or immediately following the index hospitalisation and 10.5% died during or imme-
diately after rehospitalisation (p <0.001). The specific cost of these rehospitalisations was €
5304. The overall total cost per patient of all AECOPD-related stays was € 9623, being
significantly higher in patients who were rehospitalised (€ 16,275) compared to those who
were not (€ 8208). In decision tree analysis, the most important driver of rehospitalisation
was hospitalisation in the previous two years (contributing 85% of the information).
Conclusion: Rehospitalisations for acute exacerbations of COPD carry a high epidemiological
and economic burden. Since hospitalisation for an acute exacerbation is the most important
determinant of future rehospitalisations, management of COPD needs to focus on interventions
aimed at decreasing the rehospitalisation risk of in order to lower the burden of disease.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a persistent, progressive debilitating
respiratory condition characterized by persistent respiratory symptoms and airflow
limitation." Tt is most frequently caused by cigarette smoking. COPD was the fourth
leading cause of death worldwide in 2010” and is predicted to rise to third place in 2020."
Prevalence of COPD varies between countries, but the number of cases worldwide has
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been estimated to be over 350 million.! Estimates of the pre-
valence of COPD in adults aged forty years or over in France
have ranged between 3.2% and 7.5%,"© depending on the
definition and sampling methods used. Mortality rates attribu-
table to COPD in France in 2006 were 41/100,000 in men and
17/100,000 in women aged over 45 years.” Management of
COPD represents a considerable economic burden, accounting
for around 6% of the total healthcare budget in the European
Union (€ 39 billion).! The mean annual direct per capita
medical costs of management of COPD in 2011 in France
were estimated to be € 5516.°

Acute exacerbations of COPD (AECOPD) correspond to
transitory worsening of respiratory symptoms which, in
severe cases, may require hospitalisation." Such exacerba-
tions are associated with an increased mortality risk”'® and
are an important driver of cost.'” The SCOPE study reported
that patients with COPD in France experience on average 1.7
AECOPD each year, with this number increasing with dis-
ease severity.'! Several studies have investigated predictors
of AECOPD. For example, in the longitudinal ECLIPSE
cohort, the single best predictor of the frequency of exacer-
bations, and of hospitalisation for AECOPD, was a history of
previous exacerbations.'*'? Other predictors included lower
forced expiratory volume (FEV), a history of gastro-
oesophageal reflux disorder and elevated lymphocyte
count.'” Imaging markers were evaluated in the COPD
gene cohort, in which greater lung emphysema and airway
wall thickness were associated with AECOPD.'* In the
SPIROMICS cohort, prior exacerbation history, high
COPD Assessment Test (CAT) scores, small airway abnorm-
alities visible on imaging, low interleukin-15 and elevated
interleukin-8 were identified as predictors of consistent
exacerbation status.'”> Elevated fibrinogen was found to be
a marker of increased risk of AECOPD and of mortality in
a pooled analysis of five clinical studies performed by the
COPD Biomarkers Qualification Consortium.'®

The above studies have generally used multivariate
regression analysis to identify factors associated with
AECOPD. Another approach would be to use machine
learning models such as cluster analysis or decision tree
analysis to identify subgroups of patients at high risk for
exacerbations.!” Such an approach may pave the way for
personalised medicine whereby patients are treated in func-
tion of their individual risk profiles.'® Cluster analysis has
been applied to the database of the ECLIPSE cohort to
identify patient subgroups with different clinical outcomes
and different biomarker profiles.'® An Indian study has used
decision tree analysis to identify undiagnosed patients

hospitalised with symptoms suggestive of COPD.?’ The
present study describes the use of a decision tree analysis
to identify factors potentially associated with the risk of
rehospitalisation for AECOPD and to characterise potential
subgroups of patients at high risk for rehospitalisation.

Methods
Study Design

This study was performed at the request of the French Health
Authorities (Haute Autorité de Santé) in order to collect
information on the cost of hospitalisations associated with
the AECOPD documented in the French Hospital medical
information database. The study population consisted of all
patients hospitalised for an AECOPD between 2015 and
2016. All patients were then followed up for six months.
Data extraction and analysis followed the guidelines for use
of this database.' A direct cost analysis was performed from
the perspective of the French national health insurance.

The French National Hospital Database
The French National Hospital Discharge Database (PMSI)
is an exhaustive medico-administrative hospital discharge
database which covers all short time hospitalisations in the
public and private sectors involving stays in medical, sur-
gical or obstetric facilities, representing more than 95% of
all day-care and inpatient stays in France (~30 million stays
per year). Data from the PMSI are available for epidemio-
logical or pharmaco-economic studies and have been used
in numerous government reports and scientific publications
on the burden of hospitalisation.*

In the PMSI, individual patients can be tracked across
multiple hospitalisations through a unique anonymous
patient identifier, which is conserved until the patient dies.
All hospital stays are documented at the time of final dis-
charge, and given a diagnostic identifier (Diagnosis Related
Group; DRG) based on ICD-10 diagnostic codes for the
primary diagnosis that led to hospital admission, and any
related or associated diagnoses. Each is attributed a fixed,
annual national tariff, which is different for public and pri-
vate establishments, for accounting purposes and used as the
basis for hospital costing. The date and duration of the
hospital stay, and the hospital departments involved, are
documented, as well as the destination of the patient after
hospitalisation (eg home or residential care) and where the
patient was hospitalised from (eg emergency department or
home). The database contains limited socio-demographic
information (gender, age, code postcode of residence), and
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data on underlying comorbidities and potential complications
of hospitalisation. It includes examinations and procedures
undergone during the stay, using a standard coding conven-
tion. In-hospital deaths are also documented. The cost of
medication delivery is included in the DRG, and information
on individual treatments is thus not accessible in the data-
base, with the exception of a limited number of expensive
innovative treatments, which are accounted for separately.

Identification of the Study Population

The full study cohort is composed of all patients aged >40
years hospitalised for AECOPD between 1st January 2015
and 31st December 2016 throughout France. These hospi-
talisations are identified based on the DRG code for the stay
using an algorithm validated by the French Institute for
Public Health Surveillance (InVS) for the identification of

J44.0
COPD with acute infection of airways

Jaq.1
COPD with acute non-specified episode

~ o = = o

~
m 144 COPD |
J96.0
Acute respiratory failure AND OR
m J43 Emphysema I
J
~
109-18, 120-22 m Ja4 corp I
Lower respiratory infection AND OR
J43 Emphysema I
J

Jaa
COPD N OR — -
"\ J44.1 COPD with acute non-specified episode I
- AND OR
m J96.0 Acute respiratory failure I
Ja3 OR
Emphysaema

hospitalisations for AECOPD (Figure 1).* Stays lasting
less than two days were excluded, unless the patient died
in hospital. The first hospital stay for an AECOPD is con-
sidered the index hospitalisation. All patients were followed
for six months after the index hospitalisations in order to
identify any rehospitalisations for AECOPD. These hospi-
talisations were identified using the same algorithm as for
the index hospitalisation (Figure 1). Patients with at least
one rehospitalisation for AECOPD during this time made
up the rehospitalisation analysis population.

Variables of Interest

For each patient, the age, gender, and municipality of resi-
dence were documented. For the municipality of residence,
two sociodemographic indices were determined based on
national census data. An Urban/Rural Index (URI) was

/m J44.0 COPD with acute infection of airways \I

\m J09-18, J20-22 Lower respiratory infection /I

Figure | Algorithm for identifying hospital stays for acute exacerbations of COPD. The corresponding ICD-10 codes are indicated in bold. This algorithm was developed by

the French National Health Surveillance Institute (InVS); data apdated from Fuhrman and Delmas.

Abbreviations: PD, primary diagnosis; AD, associated diagnosis.
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determined in the basis of the total number of inhabitants
and divided into four classes: rural (<2000), semi-rural
(2000-9999), semi-urban (10,000-99,999), and urban
(>100,000). The Social Deprivation Index (SDI)** is
a composite measure taking into account the unemployment
rate, median household income, the percentage of high
school graduates in the adult population, and the percentage
of blue-collar workers in the active population.”* This SDI
has been previously validated in France as a tool for evaluat-
ing socioeconomic disparities in health at the level of the
municipality.** Municipalities are divided into quartiles cor-
responding to the most deprived, deprived, privileged, and
most privileged communities.

With respect to medical variables, the number of pre-
vious hospitalisations for AECOPD in the two years before
the index hospitalisation was also determined for each
patient. Comorbidities were identified from the DRG noti-
fied on the discharge summary for any hospital stay within
a year before and a year after the index hospitalisation. The
following comorbidities were documented specifically: car-
diovascular diseases, nutritional disorders, diabetes, obe-
sity, sleep disorders, anxiety, depression, lung and bladder
cancer or musculoskeletal disorders.

The origin of the patient at admission and destination at
discharge were identified. In the PMSI database, these are

LEINNT3

classified as “emergency department”, “other medical facil-
ities” or “undefined”. “Undefined” usually refers to the
patient’s home. Any transfers to an intensive care unit were
identified. Any in-hospital deaths occurring during the follow-
up period were documented. The time between the index date
and the first AECOPD rehospitalisation was described. In-
hospital respiratory rehabilitation (RR) sessions or respiratory
functional explorations (RFE) within thirty days following

index hospitalisation were documented.

Cost Analysis

Direct costs correspond to the amount reimbursed by the
French national health insurance to the hospital and are
attributed using official French national tariffs applicable
from 2015 to 2017, expressed in 2018 euros. A standard
national tariff was applied to each hospital stay based on
the DRG code attributed in the PMSI database. These
standard tariffs include medical and related procedures,
nursing care, treatments (except specific expensive
drugs), food and accommodation, and related investment
costs for hospitalised patients. Additional costs per day of
hospitalisation in an intensive care unit were added to the

DRG tariff when appropriate. For private hospitals, where

physicians are reimbursed on a fee-for-service basis, phy-
sician fees were identified from the French observatory of
real-world spending on healthcare (ENCC) and added to
the private DRG tariff. Expensive drugs and implants were
costed using the retail price listed in the public
FICHCOMP database and using the official tariff for the
private FICHCOMP database.

Two costs were measured for the six months following the
index hospitalisation, namely the specific cost of the first
AECOPD rehospitalisation and the overall total cost of all
COPD-related stays. The latter cost includes the cost of the
index AECOPD hospital stay, the cost of any RFE or RR within
thirty days after the index stay, the cost of any AECOPD
rehospitalisation, as well as any hospital stay considered by
the study steering committee as being related to COPD.

Descriptive Statistical Analyses

No pre-defined hypotheses were tested, and the statistical
analyses are principally exploratory and descriptive.
Continuous variables are presented as mean, standard devia-
tion (SD), median, quartiles. Categorical variables are pre-
sented as frequency tables. Continuous variables were
compared using Student’s #-test or the Wilcoxon test as appro-
priate, and categorical variables compared with the 3> test or
Fisher’s exact test as appropriate. The association between the
proportion of patients who were rehospitalised on the one hand
and the number of previous hospitalisations for AECOPD on
the other was evaluated by linear regression analysis and
quantified as a Pearson correlation coefficient.

Decision Tree Analysis

A machine learning model using decision tree analysis was
built on Python software to study the factors associated
with the risk of having at least one rehospitalisation for
AECOPD within six months of the index hospitalisation
using a binary splitting decision tree algorithm.'”*> The
resulting tree is represented as a “sunburst plot”.

The model was initially constructed on a random sample of
80% of the study cohort (the training set). The model was built
iteratively, starting with the full training set (the root, the centre
of the sunburst) and first searched for the most discriminating
variable to divide the cohort into two subgroups (the branches,
the innermost circle) which segregated the target variable (pre-
sence or absence of at least an AECOPD rehospitalisation) as
much as possible. The potential discriminating variables
entered into the algorithm are listed in Table 1. In this model,
comorbidities were identified from the DRG notified on the
discharge summary for any hospital stay in the year preceding,
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or at the time of, the index hospitalisation. The quality of
segregation was estimated by the Gini impurity statistic.
A variable was considered to be the most discriminating when
this statistic was highest. In each following round, each branch
was split into two further sub-branches using the same proce-
dure (on the sunburst plot, each segment of the circle is divided
in two sub-segments). Further sub-branches were developed
until one of three criteria were met, namely when the resulting
subgroup corresponded to <1% of the original cohort, when the
gain in Gini impurity statistic was minimal (<10”7) or when six
levels of division from the root had been reached.

In a second step, the model’s performance was then
tested on the remaining unseen 20% of the cohort (the
validation set) to validate the model and to control for over-
fitting. The model was considered validated if the decision
tree hierarchy in the validation set matched that in the
training set and if the performance (accuracy, recall, preci-
sion and f1 score) in the two data sets were comparable.

Finally, if the model was considered validated in the validation
set, then the model was frozen. The two datasets were combined
and the model reiterated in the complete dataset in order to gen-
erate the final results. For each relevant profile, relative risks and
95% bootstrap confidential interval were computed.

Ethics

The study was conducted in accordance with relevant
international and French regulatory requirements. Ethics
committee approval was not required. Use of the PMSI-
MCO database was approved by the French national data

protection agency (CNIL; annual authorization #1419102
v7-2015-111111-56-18/order M14N056 and M14L056).

Results

Characteristics of the Study Cohort
Overall, 143,006 patients aged >40 years were hospitalised for
AECOPD in 2015-2016. The characteristics of the cohort are
presented in Table 2. The mean age was 74 years and 62.1%
were male. These patients most frequently lived in rural areas
and socially-deprived municipalities. Over half the COPD
cohort had comorbid cardiovascular disease. The other comor-
bidities identified are described in Table 2. A previous hospita-
lisation for AECOPD over the two years preceding the index
hospitalisation was documented for 16.2% of the cohort.

Index Hospitalisation of the Study Cohort
The average duration of the index hospitalisation was 10.9
days (Table 2). The majority of patients (70.7%) were
admitted from an emergency department. At discharge,
the majority (83.0%) went back home. During the index
stay, 19.9% of patients went to an intensive care unit. Over
the thirty days following discharge, 3.6% of patients who
did not die during their index hospitalisation underwent in-
hospital RR and 13.7% underwent in-hospital RFE.

Rehospitalisation for an AECOPD
Of the 133,628 patients in the cohort alive at the end of the
index stay, 76,471 (57.2%) were rehospitalised within six

Table | Discriminating Variables Entered into the Decision Tree Model

Patient-Related Variables

COPD-Related Variables

Hospitalisation-Related Variables

Age (Continuous variable)

AECOPD in previous 2 years (Continuous variable)

Length of stay (Continuous variable)

Gender (Binary variable)

the index hospitalisation

for each comorbidity)

Comorbidities, documented over a period of 12
months prior to the index hospitalisation and during

(1* iteration: continuous variable)

(2" iteration: dummy variable - one binary variable

Origin at admission (Categorical variable)

Urban-rural index (Binary variable: rural

or semi-rural vs urban or semi-urban)

Destination at discharge (Categorical variable)

Social deprivation index (Binary variable:
most deprived or deprived vs most
privileged or privileged)

Public or private hospital (Binary variable)

Medical or surgical ward (Binary variable)

Stay in an intensive care unit (Binary variable)

Abbreviations: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary disease.
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Table 2 Characteristics of the Study Cohort: Sociodemographic Features, Comorbidities and Hospitalisation

Patient Characteristics at Index Hospitalisation

Study Cohort

Rehospitalisation

No

Rehospitalisation

(N = 143,006) | (N = 25,090) (N = 108,538)
Age Mean * SD 739 + 122 741 £ 115 734+ 123
Median [IQR] 75 [65-84] 75 [66-83] 75 [64-83]
Gender Men 88,820 (62.1%) | 16,383 (65.3%) 66,158 (61,0%)
Women 54,186 (37.9%) | 8707 (34.7%) 42,380 (39.0%)

Social deprivation index

Most deprived

43,775 (30.5%)

8126 (32.4%

32,778 (30.2%)

)
Deprived 37,690 (26.5%) | 6470 (25.8%) 28,771 (26.5%)
Privileged 29,374 (20.6%) | 5072 (20.2%) 22,323 (20.6%)
Most privileged 29,630 (20.7%) | 4992 (19.9%) 22,681 (20.9%)
Undefined 2537 (1.7%) 430 (1.7%) 1985 (1.8%)
Urban/Rural index Rural 52,025 (36.5%) | 8976 (35.8%) 39,452 (36.3%)
Semi-rural 37,841 (26.4%) | 6616 (26.4%) 28,696 (26.4%)
Semi-urban 39,362 (27.4%) | 6996 (27.9%) 29,914 (27.6%)
Urban 12,963 (9.2%) 2389 (9.5%) 9813 (9.0%)
Undefined 815 (0.6%) 113 (0.5%) 663 (0.6%)

Comorbidities

Cardiovascular disease
Nutritional disorders
Diabetes

Obesity

Sleep disturbances
Anxiety

Depression
Lung/bladder cancer

78,717 (55.0%)
62,166 (43.5%)
33,667 (23.5%)
27,118 (19.0%)
21,743 (15.2%)
15,720 (11.0%)
14,661 (10.3%)
11,251 (7.9%)

16,314 (65.0%)
14,076 (56.1%)
6273 (25.0%)
5201 (20.1%)
4660 (18.6%)
4390 (17.5%)
3572 (14.2%)
2274 (9.1%)

55,987 (51.6%)
43,448 (40.0%)
25311 (23.3%)
20,610 (19.0%)
16,081 (14.8%)
10,556 (9.7%)
10,438 (9.6%)
7914 (7.3%)

Others health facilities
Undefined (mostly “home”)

11,529 (8.1%)
30,352 (21.2%)

2385 (9.5%)
5656 (22.5%)

Musculoskeletal 6256 (4.4%) 1591 (6.3%) 4301 (4.0%)

disorders
Number of AECOPD hospitalisations before 0 119,776 (83.8%) | 17,499 (69.7%) 94,523 (87.1%)
inclusion [ 14,773 (10.3%) 3946 (15.7%) 9792 (9.0%)

2 4509 (3.2%) 1639 (6.5%) 2546 (2.3%)

3 or more 3948 (2.8%) 2006 (8.0%) 1677 (1.5%)

| or more 23,230 (16.2%) 7590 (30.3%) 14,015 (12.9%)
Characteristics of hospital stay Index stay Rehospitalisation
Length of stay (days) Mean * SD 109 £ 10.2 11.3+£93 -

Median [IQR] 8 [5-13] 9 [6-14] -

Passage in ICU unit 28,486 (19.9%) 5081 (20.3%) -
Origin at admission Emergency 101,125 (70.7%) 17,049 (68.0%) -

Destination at discharge

Intensive care

Acute care

Medico-social structure
Long-term care

Psychology

Home hospitalisation
Undefined (mostly “home”)

12,425 (8.7%)
6227 (4.4%)
3664 (2.6%)

941 (0.7%)

605 (0.4%)

378 (0.3%)
118,766 (83.0%)

2632 (10.5%)
1097 (4.4%)
687 (2.7%)
204 (0.8%)

99 (0.4%)

102 (0.4%)
20,269 (80.8%)

(Continued)
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Table 2 (Continued).

Characteristics of hospital stay

Index stay Rehospitalisation

In-hospital death During the stay

included)

Within 30 days of discharge (stay

9378 (6.6%)
12,041 (8.4%)

1841 (7.3%) -
2462 (9.8%) -

Other follow-up variables

Study cohort Rehospitalisation | No Rehospitalisation

Time between inclusion and the |st Mean * SD (Months)

rehospitalisation Median [IQR]

- 2217 -
- 1.8 [0.6-3.5] -

RR performed at hospital (within 30 days after inclusion)*
RFE performed at hospital (within 30 days after inclusion)*

4814 (3.6%)
18,249 (13.7%)

1224 (4.9%)
6535 (26.0%)

3590 (3.3%)
11,713 (10.8%)

Number of AECOPD rehospitalisation* |
2

3 or more

- 18,889 (14.1%) -
- 4457 (3.3%) -
- 1744 (1.3%) -

Note: *For these variables, percentages are calculated with respect to 133, 628 patients who did not die during the index hospitalisation and were discharged.
Abbreviations: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; RR, Respiratory Rehabilitation; RFE,

Respiratory functional explorations.

months of the index hospitalisation, regardless of the rea-
son, and 25,090 (18.8%) were hospitalised at least once for
another AECOPD (Figure 2). These patients were most
frequently rehospitalised for an AECOPD only once dur-
ing the six months of follow-up (N = 18,889; 14.1%);
4457 (3.3%) patients were rehospitalised twice and 1744
(1.3%) three or more times (Table 2). On average, the first
rehospitalisation for AECOPD occurred 2.2 + 1.7 months
after initial discharge from the index hospitalisation. The
average duration of the rehospitalisation was 11.3 days
(Table 2).

The characteristics of the subgroup rehospitalised for
an AECOPD are presented in Table 2. Compared to

patients who were not rehospitalised, the patients were
more frequently male, more frequently came from
a socially deprived municipality, had more comorbid dis-
eases, were more likely to have been hospitalised for an
AECOPD in the previous two years, and more frequently
underwent RR or RFE (Table 2). All the characteristics
presented in Table 2 differ significantly between the two
groups (p <0.001; y* test), except for the Urban/Rural
Index (p = 0.05; % test). The proportion of patients rehos-
an AECOPD was highly
(R?=0.994) with the number of previous hospitalisations
for AECOPD in the two years before the index hospitali-

sation (Figure 3).

pitalised for correlated

Index hospitalisation for ACOPD
N =143 006 (100%)

Died during index stay
N =9 378 (6.6%)

Rehospitalised within 6 mo
N =76 471 (53.5%)

Not rehospitalised
N =57 157 (40.0%)

Rehospitalised for AECOPD
N =25090 (17.5%)

Rehospitalised for other reason
N =51 381 (35.9%)

Figure 2 Distribution of hospitalisations. Percentages are calculated with respect to the 143,006 patients in the full study cohort.
Abbreviation: AECOPD, acute exacerbations of chronic obstructive pulmonary disease.
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In-Hospital Mortality

Overall, 9378 patients (6.6%) died during the index hospi-
talisation and a further 2663 (1.9%) died within 30 days of
admission. During the first rehospitalisation, 1841 patients
(7.3%) died and a further 621 (2.5%) during the following
thirty days. These two proportions were significantly higher
(p <0.001; y* test) than the proportions of patients who died
during the index hospitalisation (or within 30 days of

admission).

Costs of Care

The mean cost of the index hospitalisation was € 5318.
This cost rose slightly according to the number of previous
hospitalisations for AECOPD, from € 5266 for patients
with no previous hospitalisations to € 5908 in those with
three or more previous hospitalisations (Table 3).

The mean specific cost of the first AECOPD rehospita-
lisation was € 5304 (Table 3). The cost of this rehospitalisa-
tion for patients with at least one previous hospitalisation
for AECOPD in the two years before the index hospitalisa-
tion (€ 5514) is 5.8% higher on average than for patients
with no such previous hospitalisation (€ 5213) (Table 3).

The overall total cost per patient of all AECOPD-related
stays was € 9623 (Table 3). This cost was around twice as
high in patients who were rehospitalised for an AECOPD in

60

the 6-month following the index hospitalisation (€ 16,275)
than in those who were not (€ 8208). This overall cost also
increased in function of the number of previous hospitalisa-
tions for AECOPD.

Patient Profiles at Risk for AECOPD

Rehospitalisation

The decision tree analysis identified variables defining
patient profiles at risk for rehospitalisation for AECOPD.
Two iterations were performed. The first iteration was per-
formed including all the variables listed in Table 1, which
correspond to all the information available in the PMSI
database at the time of the index stay. In this analysis, the
number of previous hospitalisations for AECOPD was the
most important driver of re-hospitalisation, contributing
85% of the information (Figure 4).

This first step demonstrated the importance of the number
of previous rehospitalisations for AECOPD in the patient
profile. Patients with at least one previous AECOPD hospi-
talisation (N=21,606; 16%) were 2.2 [95% CI 2.2-2.3] times
more likely to be rehospitalised for AECOPD than patients
with no AECOPD antecedent within the two years preceding
the inclusion (Figure 5). On the other hand, patients with no
previous AECOPD, aged <57 years and without any of the
nine comorbidities (N = 5300 patients; 4%) were 1.9 [95% CI

50 r

40

30

20

10

Proportion of patients rehospitalised within 6 months

None (IH only) 1

2 3 or more

Number of previous hospitalisations for AECOPD

Figure 3 Rate of rehospitalisation for AECOPD as a function of the number of prior hospitalisations for AECOPD.
Abbreviations: AECOPD, acute exacerbations of chronic obstructive pulmonary disease; IH, index hospitalization.
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Table 3 Overall Cost of AECOPD-Related Stays

Population N Number of Mean Cost per Patient
REHOSP
Index First Overall*
(Mean £ SD) o
Hospitalisation | REHOSP | (6 Months)
Overall cohort 143,006 | 1.35+0.72 €5318 € 9623
Number of times the patient was hospitalised for 0 119,776 | 1.28 £ 0.63 € 5266 € 5213 € 9250
AECOPD in the two years preceding the index | 14,773 1.37 £ 0.72 € 5487 € 5550 € 10,581
hospitalisation? 2 4509 1.49 + 0.86 € 5607 € 5454 € 11,939
23 | 3948 1.79 £ L1 € 5908 € 5494 € 14714
>| | 23,230 1.46 + 0.8I € 5582 €5514 € 11,547
Rehospitalisation for AECOPD in the six months Yes | 25,090 €5158 € 5304 € 16,275
following the index hospitalisation? No | 117916 | - € 5352 - € 8208

Note: *For this variable, all AECOPD-related costs were included.

Abbreviations: AECOPD, acute exacerbations of chronic obstructive pulmonary disease; REHOSP, rehospitalisation.

1.8-2.1] less likely to be rehospitalised for AECOPD than
patients not in this group.

In the second iteration, information on previous rehospi-
talisations was omitted from the model. The rationale for this
was to exclude the dominant driver (rehospitalisation for
AECOPD in the previous two years) from the analysis, in
order to discriminate the other drivers with greater sensitiv-
ity. To this end, each comorbidity was entered as a binary
variable in the model, rather than as the number of comor-
bidities as a continuous variable, as in the first iteration. In
this iteration, the most important drivers for AECOPD rehos-
pitalisation were age, gender, nutritional disorders, duration
of the index stay, anxiety and cardiovascular diseases.

In terms of patient profile the second analysis showed
that, irrespective of the number of previous rehospitalisations
for AECOPD, men aged >58 years with anxiety (N=4321;
3%) were 1.4 [95% CI 1.3-1.5] times more likely to be
rehospitalised for AECOPD than the other patients of the
cohort (Figure 5). In contrast, women aged >58 years with

none of the nine comorbidities, whose index stay lasted less
than five days (N = 3054; 2%) were 1.7 [95% CI 1.5-1.8]
times less likely to be rehospitalised for AECOPD than the
other patients of the cohort.

Discussion

This report describes patients with COPD who were rehos-
pitalised for AECOPD. These patients present a major epi-
demiological and economic burden, since one in two
patients in France hospitalised for an AECOPD were rehos-
pitalised within six months for whatever reason and one in
six were rehospitalised for an AECOPD. A novel machine
learning approach was used to identify variables associated
with rehospitalisation for AECOPD. The most discriminat-
ing variable associated with rehospitalisation was previous
hospitalisation for AECOPD in the previous two years. This
finding is consistent with those of several previous studies
which have used multivariate logistic regression analysis to
identify variables associated with rehospitalisation for

Number of previous AECOPD
hospitalisations

Age
Gender
Number of comorbidities

Length of index stay

40 60 80

Contribution to the decision-tree (%)

Figure 4 Relative contribution of variables associated with rehospitalisation for AECOPD.
Abbreviation: AECOPD, acute exacerbations of chronic obstructive pulmonary disease.
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Iteration 1

133628

patients

*

Iteration 2

T\

-

133628

patients

Profile 1: N = 21,606 (16%)
Relative risk: 2.2
Key characteristic: previous AECOPD hospitalisation

Profile 2: N = 4,321 (3%)
Relative risk: 1.4
Key characteristics: men, age 258 years, anxiety

Figure 5 Patient profiles associated with AECOPD rehospitalisation. Data are represented as sunburst plots. The analysis was performed to segregate the 25,090 patients
with at least one rehospitalisation for AECOPD (green segments) and the remaining 108,538 patients who were not rehospitalised for AECOPD (purple segments). The
grey segments correspond to segments where the purity score is too low to categorize patients with certainty (either rehospitalised or not). Left: decision tree analysis
including AECOPD previous hospitalisation as a source variable; right: decision tree analysis excluding AECOPD previous hospitalisation.

Abbreviation: AECOPD, acute exacerbations of chronic obstructive pulmonary disease

AECOPD, thus supporting the external validity of the
machine learning approach.'*'*!> The explanation for this
association may be that individual exacerbations lead to
accelerated lung function decline, thus increasing the risk
of future exacerbations.?®’

The other important discriminating variable of rehospita-
lisation was the presence of comorbidities, both with respect
to the number of these, and to their nature. Individual comor-
bidities associated with rehospitalisation were anxiety, nutri-
tional disorders and cardiovascular diseases. This is partially
consistent with previous findings from the ECLIPSE study,
in which anxiety, gastroesophageal reflux disorder and
depression but not diabetes and cardiovascular disorders
were associated with the frequency of exacerbations.”® The
relationship between the number of comorbidities and the
probability of rehospitalisation has also been reported in
a recent study of a Californian hospital admissions
database.”® Similarly, an association between the presence
of comorbidities in general and an increased risk of exacer-

9 Malnutrition is

bations has been reported previously.?
a characterised consequence of COPD and increases with

the severity of COPD.>' Since, in the GOLD severity

classification,' a history of frequent hospitalisations for
AECOPD is a criterion for severity, the association between
AECOPD and nutritional disorders observed in our study
may be expected. Similarly, anxiety may be a consequence
of COPD and may reflect fear and apprehension about
experiencing a further exacerbation and its consequences.*>
It is also plausible that anxious patients are more likely to
seek medical help when they perceive and have symptoms of
dyspnoea, leading to a higher hospitalisation rate.*
Associations between comorbid anxiety and depression on
the one hand and rehospitalisation and mortality on the other,
have been described in a previous study in a large American
cohort.** With respect to cardiovascular disease, the associa-
tion between this and COPD is well documented, and may be
explained by shared risk factors, notably smoking, and com-
mon underlying pathological mechanisms.>'*** The presence
of comorbid cardiovascular disease is associated with more
frequent®® or longer37 hospitalisations for AECOPD. It is
also possible that patients with cardiovascular disease are
more fragile and thus more like to be hospitalised when
they have an AECOPD than patient without comorbidities
who present a similar level of dyspnoea. It should be noted
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that the choice of comorbidities analysed in this study was
a subjective one, and other choices could have been made,
such as including chronic kidney disease.”® Other medical
conditions which are generally clinically silent and are not
expected to influence the cost or course of hospitalisation are
not recorded systematically in discharge summaries in the
PMSI database. For this reason, such conditions, such as
sarcopenia,”” even though known to be associated with
COPD, have not been evaluated in this study.

Other variables associated with rehospitalisation were
older age, male gender, and longer duration of the initial
hospitalisation. The association with age is intuitive and
may suggest that older patients are more fragile and thus
more likely to be hospitalised. Men may be more at risk of
rehospitalisation since they are heavier smokers and may
this have more advanced COPD. Women also tend to be
more receptive to healthcare advice and more adherent to
medication, which may reduce the risk of rehospitalisa-
tion. Length of the index stay is likely to be associated
with patients who are difficult to manage, and thus disease
severity.

This study also demonstrated the high economic bur-
den associated with AECOPD. Around half the study
population were rehospitalised within six months of the
index population, for another AECOPD in 18% of cases.
The risk of rehospitalisation increased linearly with the
number of previous hospitalisation for AECOPD, as has
also been reported in the North American setting.* In our
study, rehospitalisations for AECOPD were associated
with higher mortality and higher management costs. In
patients who were rehospitalised, the 6-month overall
total cost per patient was >€16,000. The total cost to the
French national health insurance of hospitalisations for
AECOPD has been estimated to be € 670 million, which
is comparable to the cost of hospitalisations for acute heart
failure.*! A recent retrospective survey of hospitalisation
costs of COPD since 2007 has indicated that both the
number of these hospitalisations and their cost have risen
over this period.*?

The advantage of the decision tree approach used in
this study is that it allows relationships between variables
to be identified in large data sets without a priori hypoth-
eses and using all available data, and that the patient
profiles identified are easily to apprehend. The principal
limitations are that the quality of the output is dependent
on the quality and pertinence of the input variables. In
addition, as with all machine-learning approaches, output
may be sensitive to small variations in the input variables

and, for this reason, it would be important to replicate the
findings on another dataset. Nonetheless, the patient pro-
files identified have good face validity and are consistent
with what is known of variables associated with AECOPD
from other types of analyses.

The PMSI database offers the advantage of being
exhaustive, covering all hospitalisations in France, and of
using standardised coding conventions to enable event
rates and costs to be determined with confidence. The
principal limitation is that certain pertinent variables are
not documented, or incompletely documented, in the data-
base. In the case of COPD, there is no information on
spirometry or on COPD severity, other than the fact that
hospitalisation for AECOPD enters into the GOLD classi-
fication of COPD severity." Importantly, there is no infor-
mation on prescription of controller medication or an
adherence, which is an important determinant of COPD
control and thus on the probability of readmission.* In
addition, information on comorbidities may be incomplete,
if not considered sufficiently important to be listed on the
standardised discharge summary, as will be information on
procedures that may be provided in the community as well
as in hospital, such as RR and RFE. To overcome such
limitations, it would be of interest to reiterate the analysis
using the SNDS (Systéme National des Données de Santé)
database, which includes comprehensive data on all
healthcare provision in France, including medication pre-
scription and community care, and which has recently
become available for researchers. This would enable the
impact of respiratory rehabilitation in the community, as
well as the use of controller medication, two variables that
have been demonstrated consistently to be associated with
a reduced risk of hospitalisation for AECOPD,** ¢ to be
integrated into the decision tree analysis. Finally, coding
errors may limit the reliability of diagnostic assignment
from the discharge summaries in the PMSI. However, the
quality and exhaustiveness of data coding compared to
patient registries in other fields, notably cancer, has been
shown to be high.*’ Although no such study has been
performed for COPD, the algorithm used for case identi-
fication in this study, which was developed over ten years
ago by the InVS, has been shown to reproduce faithfully
changes in hospitalisation rates for COPD identified from
other sources.”

The findings of our study reinforce the message of ear-
lier ones regarding the importance of adequate and systema-
tic follow-up of patients following a hospitalisation for
AECOPD. As advocated in the GOLD recommendations’
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and in international®® and French®*~® practice guidelines,
this follow-up could include regular symptom monitoring,
reduction in exposure to risk factors, adapting controller
medication if necessary and reinforcing messages about
adherence.

Conclusion

This study confirms the high epidemiological and eco-
nomic burden of the hospitalisations for AECOPD in
France, with nearly one in five patients being rehospita-
lised for an AECOPD within six months. Since hospitali-
sation for AECOPD is the most important determinant of
future rehospitalisation, management of COPD needs to
focus on interventions and educational programmes aimed
at decreasing the risk of rehospitalisation, in order to lower
the burden of disease associated with exacerbations of
COPD.
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