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Background: Recent studies evaluating the predictive value of different variables on future
exacerbations suggest exacerbation history as the strongest predictor. We examined the effect
of exacerbation history on subsequent events in a large sample population with over 250,000
COPD patients using up to 8 years of longitudinal healthcare data from Germany.
Methods: Patients 40 years or older with any COPD diagnosis in primary or secondary care
were included from 2011 to 2017 (index period) from healthcare insurance claims (Germany;
WIG2 research database), with 12 months before index date as baseline and at least 12-
month follow-up. Exacerbations during baseline were defined as moderate (treatment with
oral corticosteroids or antibiotics, JO1AA, JOICA) or severe (emergency vVisit or
hospitalization).

Results: Patients without (category A), with one moderate (category B), or with either one
severe or several baseline exacerbations (category C) experienced an average of 0.9 (CI 0.9—
0.9), 1.9 (CI 1.9-1.9), and 6.3 (CI 6.1-6.3) exacerbations during the first 3 years of follow-
up, respectively. By 8 years, 87.0% (CI 86.6-87.4), 70.5% (CI 69.9-71.0) and 49.1% (CI
48.9-49.3) of category C, B and A patients had experienced a subsequent exacerbation.
Conclusion: Baseline exacerbations increased the likelihood of, and reduced time to sub-
sequent exacerbations. Even patients without baseline exacerbations experienced exacerba-
tions within three years, emphasizing the importance of adequate treatment in patients with
less severe disease presentation as well.

Keywords: chronic obstructive pulmonary disease, COPD, exacerbations, economic burden,
healthcare resource utilization

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by persistent
respiratory symptoms and usually progressive airflow limitation that is not fully
reversible. COPD was the third leading cause of death worldwide in 2019, but is
both preventable and treatable. COPD is diagnosed by spirometry, with a post-
bronchodilator FEVI/FVC < 0.70 confirming persistent airflow limitation.>
A recent review by Han et al® presented evidence for significant airway damage
in individuals with respiratory symptoms, even long before airflow obstruction can
be spirometrically confirmed. In Europe, premature death and disability induced by
COPD costs nearly €50 billion annually (of both direct and indirect costs); the
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European Respiratory Society used data from the 2011
WHO Health Statistics and the Global Burden of Disease
study to estimate a monetized value of €93 billion in
disability-adjusted life years (DALY) is lost annually in
Europe, due to COPD.* Costs associated with exacerba-
tions account for 50-75% of COPD costs.>°
Exacerbations accelerate disease progression, and

patients hospitalized for COPD exacerbations have
a poor long-term prognosis,’ and a 55% five-year mortality
rate.® As outlined in the 2021 Global Initiative for Chronic
Obstructive Lung Disease (GOLD) document, pharmaco-
logical therapy attempts to reduce symptoms, frequency,
and severity of exacerbations, and improve exercise toler-
ance and health status.”

Recent non-interventional studies using administrative
databases, primary care data and other observational data
have used models to evaluate the predictive value of
several variables on future exacerbations, and exacerbation

seems to be the 2,10

history strongest  predictor.
Observational studies with similar results are usually
restricted to patients on certain treatments, with restrictive
inclusion criteria, or only offer results over follow-up
periods around 2 years or less.'"'? Since healthcare sys-
tems cannot always be compared, correlations drawn from
other locations cannot reliably be extrapolated to health-
care systems in other countries. There is therefore a need
to further understand the risks and costs in the context of
the German healthcare system, considering local COPD
disease management practices.

This study examined the effect of exacerbation history
on subsequent exacerbations in a large sample population
with over 250,000 COPD patients, using up to 8 years of
longitudinal healthcare data from Germany. Some of these
data have been previously presented in conference abstract

form. 3710

Materials and Methods

Study Design

This is an observational cohort study with cross-sectional
and longitudinal analyses of anonymized healthcare claims
data of patients diagnosed with COPD in Germany.

Database

The WIG2 (Scientific Institute for Health Economics and
Health System Research) database—an anonymous health-
care claims database with longitudinal data from approxi-
mately 4.5 million patients in Germany insured by

statutory health insurance (SHI) providers—provides
a representative sample (in terms of age, gender, and
morbidity) of the German population'” on which analyses
were done. WIG2 receives the data anonymized, rendering
approval by an institutional review board unnecessary (by
law). Including baseline and follow-up, data were avail-
able from January Ist, 2010 to December 31st, 2018.

Diagnosis data is documented by ICD-10 (International
classification of disease, version 10) codes, and drugs were
identified by their ATC (Anatomical Therapeutic Chemical
classification) code.

Study Population

Patients 40 years of age or older with any COPD diagnosis
(in our database, primary or secondary diagnoses, J44) in
primary or secondary care were included in the study
index period (January 1st, 2011 to December 3lst,
2017), with the first COPD diagnosis in the study index
period as their index date. Therefore, all patients, regard-
less of having a COPD diagnosis before the study index
period or not (both incident and non-incident patients),
were included in our cohort. Patients had to have
a minimum 12-month pre-index data (baseline), and at
least 12-months of follow-up data after index date (except
for patients deceased within the 12-months follow-up),
and there were no other exclusion criteria. A follow-up
period of up to 8 years was available for patients with an
index date in 2011. Follow-up ended on the date of death,
end of insurance coverage, or end of study, whichever
occurred first.

Objectives

The primary goal of the study was to determine the fre-
quency and rate of moderate and severe exacerbations,
grouped by severity of disease at baseline according to
observed exacerbation history. We also describe treatment
patterns at baseline, also by exacerbation history, and both
baseline and follow-up healthcare resource use.

Variables

Data on follow-up time (total, mean, and median, in per-
son years), as well as age (mean and range), gender, and
certain comorbidities typically associated with COPD
were evaluated during baseline (identified by documenta-
tion of diagnosis codes). Data on utilization of inhaled
treatments during the baseline period were also collected.
Exacerbation type and frequency at baseline were stratified
by baseline treatment groups, as defined below.
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Baseline Inhaled Maintenance Respiratory Treatment
Patients were stratified into one of six treatment groups by
their use of inhaled maintenance treatment (long-acting
p2-agonist, LABA; long-acting muscarinic antagonist,
LAMA; and/or inhaled corticosteroid, ICS) during the
baseline period: either LABA or LAMA monotherapy,
LABA/LAMA combination therapy, ICS monotherapy,
ICS/LABA or ICS/LAMA combination therapy, triple
combination of ICS/LABA/LAMA, or none of the above
treatments. If the treatment was documented at any time
during baseline, it was considered for the baseline treat-
ment groups. The duration and timing of treatments was
not considered.

Exacerbations

We examined both the number and severity of baseline and
subsequent exacerbations, using an ATC code for either an
oral corticosteroid (OCS) (code HO2AB) or respiratory
antibiotics (codes JOIAA or JOICA) to define a moderate
exacerbation, or an ICD-10 code (J44) for a COPD-related
hospitalization or emergency visit, defining severe
exacerbations (see Table S1). Documentation of more
than one exacerbation within a 2-week time frame was
considered a single exacerbation, with the highest severity
exacerbation taking precedence.

We grouped patients into one of three baseline exacer-
bation categories, based on the 12 months prior to index:
no prior exacerbations (A), one moderate prior exacerba-
tion (B), and either one severe or multiple prior exacerba-
tions (regardless of severity) (C).

The percentage of patients by baseline exacerbation
category and exacerbation rate in the 12 months before
index date (with 95% confidence intervals, CI) were eval-
vated. Risk of a first exacerbation during follow-up was
determined for each category (adjusted for the risk factors
age, gender and comorbidities, using Fine-Gray regression
death).'®

A multivariable Cox proportional hazards model was

accounting for  competing risks  of
used to describe the association (by hazard ratios) of base-
line exacerbation categories and future moderate and
severe exacerbations. Cumulative incidence of a first
exacerbation was reported for each year following index
date (adjusted for competing risk of death with 95% CI)
and mean cumulative count (MCC) (with 95% CI) of the
number of subsequent exacerbations, for each year follow-
ing index date and adjusted for competing risk of death
were also calculated. Median time (in days) to exacerba-

tion (as cumulative risk), adjusted for competing risk of

death according to Fine and Gray'® was reported for each
baseline exacerbation category.

Healthcare Resource Utilization

Since observation times of patients included differed, visit
rates were calculated and reported as the number of visits
that occurred per 100 patient years (PY) of total patient
observation time, to account for both the number of
patients included in the study, as well as the amount of
time each patient could be observed in the study.
Therefore, visit rates reflect the average number of visits
per 100 (observed) patient years. Visit rates per 100 PY
during baseline and by baseline exacerbation group during
follow-up for COPD and all other visit reasons were
evaluated for general practitioner (GP), outpatient hospital,
hospitalization, and emergency room visits. Since outpati-
ent hospital and GP visit rates in the database reflect
a contact with a certain clinic/facility per calendar year
quarter, the visit rate reflects the number of contacts per
clinic, per 100 PY.

Results
Baseline Data (Demographics, Treatment
Groups, Healthcare Resource Utilization

Comorbidities)

Of the approximately 4.5 million patients in the WIG2
database, 250,723 patients with COPD met the inclusion
criteria, with a total of over 1.2 million PY of data, and
a mean of 5.04 and range of 1-8 follow-up years. Just over
half of patients were male (57.5%) and patients were on
average 63 years (mean age) (Table 1). Figure 1 shows the
study flow from the WIG2 database to the final study
population. Patients were categorized into how many
exacerbations they experienced in the 12-month baseline
period, prior to index date.

The mean follow-up period by treatment group was
comparable, ranging from 4.72—5.50 years (see Table S2).
Of all patients, 78% had experienced no exacerbations dur-
ing the baseline period, with the rest evenly distributed:
11% had 1 moderate exacerbation (B) and 11% had either
1 severe or multiple exacerbations (C) (Figure 1). Patients
in category C had an exacerbation rate of 3.00 (95% CI
2.98-3.02) in the baseline year.

Of all patients meeting inclusion criteria, most (65.4%)
had none of the guideline-recommended inhaled mainte-
nance treatments in the 12 months before index. Most
(70.9%) of the patients without prior exacerbations (category
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Table | Baseline Demographic Information, Follow-Up Time,
and Baseline Exacerbations

Patients, Total 250,723
Age, mean (range) 63.0 (40-107)
Male 57.5%

Total person years follow-up time | 1,264,265.0
Follow-up, mean 5.04
Follow-up, median 5

Pneumonia 10,667 (4.3%)
Asthma 52,608 (21%)

Osteoporosis 2169 (8.7%)

Outpatient visits for other reasons were by far the most
used resource, whereas GP visits due to other reasons were
the second most used resource in nearly all baseline treat-
ment groups (Figure 2).

At baseline, ischaemic heart disease (21.7%), depres-
sion and/or anxiety (21.2%), and asthma (21%) were the
most frequently observed comorbidities. Other cardiovas-
cular-related comorbidities investigated were heart failure,
atrial fibrillation, peripheral artery disease, and stroke,
seen in 13.0%, 8.7% 6.0% and 3.4% of patients during
baseline, respectively (Table 1). More than half (65%) of
the patients with an asthma diagnosis were taking either
one of the treatment regimens that included an ICS (see
Table S3,Figure S3).

Diabetes 29,728 (11.9%)

Ischaemic heart disease 54,335 (21.7%)

PAD 15,115 (6.0%)

Stroke 8490 (3.4%)

Atrial fibrillation 21,842 (8.7%)

Dementia 8215 (3.3%)

Heart failure 32,598 (13.0%)

Malignant neoplasm 29,998 (12.0%)

Depression and Anxiety 53,144 (21.2%)

Number of baseline Exacerbation rate per 100 PY

exacerbations (95% Cl)
Category A 0

Category B I (1-1)
Category C 3.00 (2.98-3.03)

A), just over half with one moderate baseline exacerbation
(category B), and over a third (36.9%) of patients with one
severe baseline or multiple baseline exacerbations (category
C), were not taking any LABA, LAMA or ICS inhaled
treatment in the 12 months prior to index. A combination
of ICS with LABA or LAMA (16.4%) was the most fre-
quently used treatment option. Patients were least likely to be
treated with a LABA/LAMA combination therapy (1.7%).
Patients in category C were about as likely to be taking
a triple combination LABA, LAMA and ICS therapy
(22.4%), as a LABA or LAMA in combination with ICS
(24.8%); 4.1% and 4.6% were being treated with a LABA
plus LAMA combination therapy, or ICS monotherapy,
respectively (see Figures S1 and S2).

Subsequent Exacerbations: Cumulative
Incidence and Mean Cumulative Count

(MCC)

Most (81.7%; 95% CI 81.2-82.2) of category C patients
had experienced a subsequent exacerbation after three
years of follow-up, whereas 59.1% (95% CI 58.5-59.7)
of patients in category B, and 35.9% (95% CI 35.7-36.1)
of patients in category A, had a subsequent exacerbation
during that period (Figure 3, and Table S4). By 8 years,
87.0% (86.6-87.4), 70.5% (69.9-71.0) and 49.1% (48.9—
49.3) of category C, B and A patients (respectively) had
experienced a subsequent exacerbation.

The average cumulative number of subsequent exacer-
bations in category C patients was 6.26 (95% CI 6.17—
6.34) after three years of follow-up. In categories B and A,
the cumulative average at three years was 1.89 (95% CI
1.85-1.92) and 0.89 (95% CI 0.88-0.90), respectively. By
the end of the 8-year follow-up period, the difference seen
between the different categories widened, with the most
substantial increase seen in category C patients; this group
experienced a mean of 14.05 (95% CI 13.84-14.26)
exacerbations, compared with 4.70 (95% CI 4.61-4.80)
and 2.46 (95% CI 2.44-2.49) in categories B and A,
respectively (Figure 4, and Table S5).

Time Until Subsequent Exacerbation

On average, it took only 36 days (95% CI 35-37) after index
date for 25% of the patients in category C to experience an
exacerbation; category B patients reached this quartile in
166 days (95% CI 160-173) and category A patients in
569 days (95% CI 561-577). It took an average of 579
days (95% CI 553-611), for 75% of the patients in category
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4,536,002 assessed for eligibility

(all patients in the database from
2010-2018)

v

352,616 patients in the
database with a COPD
diagnosis from 01.01.2011 to
31.12.2017

101,890 patients without at

least 365 days each of pre-
index and follow-up data

L

250,723 remaining patients aged 40
years or older

STUDY POPULATION

Stratified by baseline exacerbation history

y

A 4

A

No prior exacerbation at
baseline (category A)

n=196,736 (78%)

One moderate exacerbation
at baseline (category B)

n=27,691 (11%)

One severe or multiple
exacerbations at baseline
(category C)

n=26,296 (11%)

Figure | Study population selection and baseline exacerbation history.

C to have a subsequent exacerbation, whereas it took cate-
gory B patients 2474 days (95% CI 2371-2579) to reach this
quartile. Category A patients did not reach the 75% quartile
during observation (see Table S6).

Risk of a First Subsequent Exacerbation

During Follow-Up

Both category B and C patients had a higher risk (using
hazard ratio risk estimates) of a first moderate exacerba-
tion in the follow-up period (hazard ratio 1.89, 95% CI
1.87-1.90 and 3.93, 3.91-3.94, respectively) when com-
pared with category A patients. The hazard ratio for a first
severe exacerbation was 1.30 (1.27-1.34) for category

B patients and 2.96 (2.94-2.99) for category C patients
(Figure 5, Supplemental Material Table S6).

Exacerbation Effect on Follow-Up HCRU
During follow-up, healthcare visits were reported per 100
PY, to account for the different length of follow-up of
different patients (Table 2). Patients were only required
to have 12-months of follow-up data to be included in the
study; however, they were followed for as long as data
were available. We added up all the follow-up time of all
patients and reported the visits as a function of the total
PYs (and then per 100 PY) of data available. As an
example, this translates to there being 234.03 COPD-
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ER COPD
0 200 400 600 800 1000 1200
Visit rate per 100 PY
Figure 2 Healthcare resource utilization visit rate by baseline treatment group and visit type and reason, per 100 PY.
Abbreviations: LABA, long-acting $2-agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled corticosteroid.
Cumulative incidence of a subsequent exacerbation
100%
—~ 90% 817% 84,0% 85,4% 86,2% 86,7% 87,0%
X 77,6% ’
g B80% GQ’V ., 668% 687% ©69.8% 70.5%
2 70% o 63.7% ' e Category A
5 59,1% 19 546% 554%
2 60% 51,5% 4789 51.0% 931% : ' Category B
o) ’
o 40% " 36,5% 4829 49.1% —Category C
> (] 0 s , I /0
E 30y O0% 407% 442% 05% ’ Overall
S 35,9%
g 20% 28,9%
O 10% 19,0%
0%
1 2 3 4 6 7 8

Follow-up years

Figure 3 Cumulative incidence of a subsequent exacerbation, adjusted for competing risk of death, by time since index date. (A) No exacerbations at baseline, (B) one
moderate exacerbation, (C) one severe or multiple (regardless of severity) exacerbation at baseline. 95% Cl available in Supplemental Material Table S4.

related GP visits per 100 category A patients each year.
The most used resource was other non-COPD related out-
patient visits, and the second most used resource overall
being GP visits for COPD. Category A patients, despite
being exacerbation-free in the baseline year, had nearly as
many visits to their GP due to their COPD disease as

category B patients. Non-COPD hospitalization rates
were higher than hospitalizations for COPD across all
categories; however, hospitalization among category
C patients was substantially higher (for both COPD and
non-COPD related visits) than all other categories.

Category C patient visit rates were highest for nearly all
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Mean cumulative count of subsequent exacerbations
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Figure 4 Mean cumulative count (MCC) of a subsequent exacerbation in the overall disease population, by time since index date, adjusted for competing risk of death. (A)
No exacerbations at baseline, (B) one moderate exacerbation, (C) one severe or multiple (regardless of severity) exacerbation at baseline. 95% Cl available in Supplemental

Material Table S5.

Risk of a future exacerbation

»
)

3,93

@
w o b

N
[&)]

1,89

Hazard ratio
- ;N

o
)

moderate exacerbation

2,96

m Category B
Category C
1,30

severe exacerbation

Figure 5 Risk of a future exacerbation compared to category A (reference) during follow-up by baseline exacerbation category. (B) One moderate exacerbation, and (C)
one severe or multiple (regardless of severity) exacerbation at baseline. 95% ClI available in Supplemental Material Table S7.

healthcare visit types (for both COPD and other), followed
by category B patients and finally category A patients.

Discussion

Our study provides up to 8 years of longitudinal data
from over 250,000 patients in Germany. We included
all patients with a COPD diagnosis, excluding only
patients with insufficient data and those under 40
years of age. Patient health data was collected over

an average of 5.04 years. Our population was mostly

(78%) exacerbation-free in the 12 months prior reflect-
ing a COPD population with potentially many newly
diagnosed cases, with a comparable proportion of
patients having severe/multiple events or single mod-
erate exacerbations at baseline. 149,290 out of our
entire population (59.5%) had no documented COPD
diagnosis in the 12 months prior to their index date,
meaning they were potentially incident COPD patients.
The exacerbation rate in the 12 months prior to inclu-

sion (during baseline) for patients with multiple or

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

2413

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=322036.docx
https://www.dovepress.com/get_supplementary_file.php?f=322036.docx
https://www.dovepress.com/get_supplementary_file.php?f=322036.docx
https://www.dovepress.com
https://www.dovepress.com

Vogelmeier et al

Dove

Table 2 Healthcare Resource Utilization Visit Rate During Follow-Up by Visit Type and Reason, per 100 PY. (A) No Exacerbations at

Baseline, (B) One Moderate Exacerbation, (C) One Severe or Multiple (Regardless of Severity) Exacerbation at Baseline

HCRU Visit Type (per 100 PY with 95% CI)

Baseline Exacerbation Category

A

C

Overall

GP visit rate COPD

234.03 (233.28-234.78)

233.00 (230.94-235.06)

270.79 (268.46-273.12)

237.77 (237.09-238.45)

GP visit rate other non-COPD

228.18 (227.08-229.28)

259.55 (256.50-262.60)

253.94 (250.52-257.35)

234.34 (233.35-235.34)

Outpatient visit rate COPD

85.19 (84.56-85.83)

105.97 (104.06—107.87)

141.93 (139.55-144.32)

93.44 (92.84-94.04)

Outpatient visit rate other non-COPD

826.53 (822.82-830.24)

1021.64 (1010.39-1032.88)

1085.60 (1073.19-1098.01)

875.25 (871.81-878.70)

Hospitalization rate COPD

2.98 (2.89-3.07)

4.04 (3.73-4.34)

18.32 (17.52-19.12)

470 (4.59-4.82)

Hospitalization rate other non-COPD

67.00 (66.3767.63)

75.97 (74.23-77.72)

109.25 (107.11-111.39)

72.43 (71.85-73.00)

ER visit rate COPD 0.05 (0.04-0.07)

0.07 (0.03-0.10) 0.11 (0.06-0.16) 0.06 (0.05-0.07)

ER visit rate other non-COPD 4.98 (4.81-5.14)

6.14 (5.64-6.64) 7.02 (6.39-7.66) 532 (5.16-5.47)

severe exacerbations was 3.00 (95% CI 2.98-3.02). As
reported in previous studies, we also found that multi-
ple previous exacerbations result in a greater likelihood

of subsequent exacerbations.”'!!*%¢

Inhaled Maintenance Treatment

Most (65.4%) patients in our study were using none of the
inhaled maintenance treatments LABA, LAMA or ICS at
baseline. This may be related to the following: 78.5% of
our population were without exacerbations in the year
prior, and our population may contain a substantial propor-
tion of incident patients; and our study only looked at the
use of LAMA, LABA and ICS inhaled treatments, so any
other treatments to manage symptoms, like short-acting
bronchodilators, would not have been captured.
Altogether, around 27% of all patients were taking an
ICS, most of them as part of a combination treatment
with LABA and/or LAMA. Surprisingly, over a third of
patients in category C had none of the inhaled mainte-
nance treatments we investigated during the baseline year,
particularly since the most recent GOLD document,” as
well as those documents applicable to our study observa-
tion period,?"** recommend initiating a long-acting
bronchodilator treatment (either mono LAMA or LAMA/
LABA) with or without an ICS, prior to discharge from
hospital following a severe exacerbation.

We stratified patients by their baseline treatment group
and looked at healthcare resource utilization during baseline.
Hospitalization (both for COPD and other non-COPD rea-
sons) occurred more for patients on a LABA/LAMA/ICS

triple combination therapy or patients taking a LABA/

LAMA combination therapy at baseline, but this likely
reflects their underlying disease severity. Patients with base-
line treatment use in these two categories also had the highest
percentages of baseline comorbidities, including pneumonia,
ischemic heart disease, atrial fibrillation, heart failure, and
malignant neoplasms. This may reflect the underlying com-
plexity of these patients, and the need for good COPD dis-
ease management, allowing for better management of these
comorbidities. In fact, one-third of patients in each of these
baseline treatment groups had ischemic heart disease during
baseline, and one quarter had heart failure.

Exacerbations

Patients with multiple baseline exacerbations experienced
subsequent exacerbations substantially earlier and more
often than those with just a single baseline exacerbation.
Of all patients studied, 26.4% experienced a subsequent
exacerbation after one year of follow-up, compared to
a total of 22% (both categories B and C) during the
baseline year. This still leaves nearly 75% of patients
overall that were exacerbation free after the first year of
follow-up; however, we see that the risk of exacerbation
does not disappear; after 8 years, another 25% had experi-
enced an exacerbation. This should have implications on
treatment, reminding healthcare providers of the impor-
tance of continuous exacerbation prevention: in a given year
patients may not exacerbate but still have a significant risk
of experiencing subsequent events in the future.

database study (15,857
patients, average follow-up 2.4 years) patients with

In another observational

a severe (defined by hospitalization) exacerbation as the
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index event were stratified into three groups of one severe,
one moderate or no exacerbation at baseline, respectively,
prior to inclusion.'? In this more severe population, most
similar to our category C population, the group most likely
to experience a subsequent exacerbation was the group
with a severe exacerbation at baseline; the probability of
having a subsequent exacerbation was 75% at one year
from index event in the entire population, increasing to
92% after three years. In our study, the cumulative inci-
dence was similar for our category C population, with 69%
at 1 year and 82% after three years.

The mean number of exacerbations was highest at each
follow-up timepoint for patients in category C and after 8
years of follow-up, the average number of exacerbations in
category C patients was three times higher than in cate-
gory B patients, and 5.7 times higher than in category
A patients. Additionally, category C patients showed
a much faster rate of increase over the 8 years than the
other groups. In contrast, Blasi et al'? (15,857 patients
with a severe exacerbation, comparable to category C in
our study) found slightly higher exacerbation rates per PY
(3.2 per PY) than in this study, while other reports range
from about 0.5 to 3.5 annual exacerbations per patient.”
Both category B and C patients were more at risk of
a future moderate than a severe exacerbation, but risk
levels for both exacerbation types were more than twice
as high for category C than B patients. However, having
had even a single moderate baseline exacerbation
increased the risk of subsequent moderate exacerbations
by a factor of almost 2 (1.89, 95% CI 1.87-1.90), and that
of a severe exacerbation by 30%. This further reinforces
the importance of treatment and attention to disease man-
agement following even a moderate exacerbation.

In our study, 80% of category A patients (no exacer-
bation during baseline year) experienced no exacerbation
within the first year of follow-up, similar to findings of
75% remaining exacerbation free from previous studies.''
After 8 years of follow-up, nearly half (49.1%) of category
A patients had exacerbated.”® These findings emphasize
that patient care even in patients without exacerbations
should be monitored closely.

Healthcare Resource Ultilization

A history of severe or multiple exacerbations is associated
with increased use of healthcare resources. While overall
utilization and presumably costs were highest for patients
in category C, some visit types (especially visits to a GP)

were similar in category A patients. We did see

a substantially higher rate of hospitalization (a known
cost-driver in healthcare) in patients with multiple or
severe baseline exacerbations. Another study looked at
healthcare use and costs in a US population (almost 9000
patients aged 40-89) using claims data and found incre-
mentally higher costs in patients with more
exacerbations.” This is similar to what Wacker et al®
found in a sample of nearly 2500 patients in Germany
aged 40 years and older; physician visits were increased
by a factor of 2 compared with non-COPD controls,
regardless of COPD disease grade (defined in this study
by FEV1% predictive values rather than exacerbations).
Hospitalization and prescribed medications were however
increased in higher grades of disease than lower, as we
observed in our study as well. While we did not compare
patients without COPD, studies have shown that even at
mild disease grades, having COPD is associated with
higher direct and indirect healthcare costs, compared to
lung-healthy control subjects, even when adjustments for

major comorbidities were made.***

Study Limitations

Our study has some limitations: the data generated during
standard clinic visits was not collected with research pur-
poses in mind; some data may be missing or incorrectly
coded. Although typical for observational studies, we were
unable to complete any missing or incomplete data, as
would be possible in the controlled environment of
a clinical study; therefore, patients without continuous
follow-up data for any reason (changed SHI provider,
data documented poorly by healthcare providers) within
the 12-months follow-up were not included in the dataset.
However, if any of these occurred after the 12-months of
follow-up, the patient would have nonetheless been
included, and we expect this effect to be minor. Specific
to the indication, we used a diagnosis code to confirm
diagnosis and data on treatment or hospitalization to eval-
uate disease severity, without an actual clinical assessment
or data on spirometry to confirm; to determine a moderate
exacerbation, we used data on antibiotics or OCS as cri-
teria, which could have been given for other reasons than
an exacerbation. If an exacerbation was treated in an out-
patient setting with intravenous corticosteroids, we would
not have been able to evaluate this moderate exacerbation,
as only treatment with oral corticosteroids was captured.
We also included patients diagnosed with other comorbid-
ities for which the differential diagnosis of COPD may be
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challenging, such as asthma;” these factors may skew our
results in either way.

Our study includes patients with a COPD diagnosis
occurring anywhere from 2011-2017; due to the study
design, this may result in a higher proportion of incident
disease patients being included from 2012 onwards. This
may influence the make-up of our baseline exacerbation
groups and study results.

There has been some evidence showing that some mild
exacerbations not reported by patients to healthcare provi-
ders (and remaining untreated), still have an influence on
the medium-term course of the disease.”® These patients
could have been included in the wrong baseline exacerba-
tion group in our study, since our data could only provide
exacerbation events for which there was healthcare utiliza-
tion. On the other hand, any documented lower respiratory
tract infections treated in hospital that were actually pre-
sentations of a COPD exacerbation, may not have been
documented as such. In this case, the actual proportion of
patients in category C may have been underestimated, had
these been documented as COPD hospitalization, and
therefore a serious exacerbation.

While our study provides a complete picture of the
medications taken by patients in the baseline year, the
design did not include medications throughout the 8-year
follow-up. Buhl et al'' however looked at persistence to
medication regimes in around 6000 German patients and
found that 77.2% of patients with baseline medication data
were still receiving the same class of medications at the
1-year follow-up visit. This may be transferable to our data
on exacerbations after 1 year of follow-up, however
including data on treatment throughout the 8 years follow-
up could provide valuable information and further improve
treatment guidelines.

Conclusions
This study used a very large real-world population with up
to 8 years of follow-up data and without selection or
participation bias, uncovering real-world outcomes some-
times obscured in randomized control trials (RCTs). While
selective inclusion criteria of RCTs provide strong evi-
dence for internal validity of therapeutic outcomes, our
study provides strong external validity of results.

Having had multiple and/or severe exacerbations
the likelihood of,
a subsequent exacerbation, and also leads to an increased

increases and reduces time to,

rate in number of exacerbations over time. In addition,
multiple exacerbations reduce the time to the next

exacerbation. Since having even a single moderate exacer-
bation results in an increased risk of subsequent exacerba-
tions, and with a considerable number of patients without
exacerbations during the baseline year experiencing an
exacerbation during follow-up, maintenance treatments that
reduce the risk of future exacerbations should be prescribed.

Data Sharing Statement

The database used in this study cannot be made publicly
available due to data protection laws in Germany. To
enable replication of results, the anonymized data used
for this study are stored as backup on a secured drive.
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