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Summary
INTRODUCTION AND OBJECTIVES: Chronic Obstructive Pulmonary Disease (COPD) remains a 
leading cause of morbidity and mortality globally. Acute exacerbations of COPD (AE-COPD) signifi‐
cantly worsen patient outcomes; however, COPD is frequently underdiagnosed and undertreated 
despite established guidelines.This study aimed to assess (1) the characteristics of patients hospi‐
talised for a first episode of AE-COPD, (2) the differences between patients who had received 
guideline-recommended inhalation therapy prior to their first AE-COPD hospitalisation and those 
who had not, and (3) the associations between patient characteristics, pre-hospital inhalation 
treatment status and 1-year all-cause mortality following the index hospitalisation.
METHODS: In this retrospective cohort study, 1855 consecutive patients admitted with clinically 
and spirometrically diagnosed AE-COPD to a secondary-level Swiss hospital between September 
2016 and September 2024 were analysed. The primary outcome was 1-year all-cause mortality fol‐
lowing the index hospitalisation. Survival was analysed using Kaplan-Meier estimates and Cox pro‐
portional hazards regression, with results reported as hazard ratios with 95% confidence intervals.
RESULTS: Overall, 50.6% (n = 938) of patients lacked documented spirometric GOLD staging and 
82.6% (n = 1533) had no recorded risk classification. Patients were stratified based on pre-admis‐
sion use of long-acting inhalation therapy: Group 1 (no therapy, n = 834 [45.0%]) and Group 2 
(therapy, n = 1021 [55.0%]). Baseline characteristics were largely comparable between groups; 
however, patients receiving long-acting inhalation therapy (Group 2) had significantly more pa‐
tients with spirometrically confirmed COPD. During 1-year follow-up, 236 deaths (12.7%) occurred, 
in 133 of the 834 (15.9%) Group 1 patients and 103 of the 1021 (10.1%) Group 2 patients  (log-rank p 
<0.001). In multivariable Cox regression analysis, no long-acting inhalation therapy (Group 1) as a 
variable was independently associated with higher 1-year all-cause mortality (adjusted HR: 1.95, CI: 
1.48–2.56, p <0.001).
CONCLUSION: Significant diagnostic and therapeutic gaps were observed in patients hospitalised 
for the first episode of AE-COPD. Guideline-recommended inhalation therapy prior to hospitalisa‐
tion was independently associated with decreased 1-year all-cause mortality. Our findings suggest 
that guideline-recommended inhalation therapy reflects structured COPD care, earlier diagnosis 
and closer medical follow-up rather than a pharmacological effect alone. Hospitalisation for AE-
COPD represents a critical opportunity to reassess the diagnosis and optimise long-term manage‐
ment, even within a well-resourced healthcare system.

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is the third leading cause of death globally [1] and 
imposes a significant economic burden due to lost work productivity and healthcare costs [2]. Be‐
yond the daily symptom burden, acute exacerbations of COPD (AE-COPD) substantially increase 
the overall impact of the disease on both patients and healthcare systems [3]. Exacerbations are
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ABBREVIATIONS
ACOS Asthma-COPD-Overlap Syndrome
AE-COPD acute exacerbation of COPD
COPD Chronic Obstructive Pulmonary Disease
GOLD Global Initiative for Chronic Obstructive Lung Disease
ICS inhaled corticosteroid
ICU intensive care unit
IQR interquartile range
LABA long-acting β2-agonist

LAMA long-acting muscarinic antagonist
LTOT long-term oxygen therapy
PDE-4-I phosphodiesterase-4 inhibitor

linked to accelerated lung function loss, particularly in those with mild disease [4]. COPD is a pro‐
gressive respiratory condition that requires accurate diagnosis and classification to ensure appro‐
priate treatment; diagnosis is based on spirometry and further categorized into risk classes based
on the severity of symptoms and the history of exacerbations [5].

Primary care serves as the cornerstone of COPD management [6]. However, estimates from
the year 2018 showed that approximately two-thirds of patients with COPD worldwide are under‐
diagnosed [7]. A population-based study conducted in Spain in the year 2000 involving over 4,000
participants reported an underdiagnosis rate of 78.2% among individuals with COPD, with only
71.1% of diagnosed cases receiving appropriate treatment [8]. Similarly, a 2023 study from Sweden
found that more than 80% of COPD cases were underdiagnosed among a cohort of 128 patients
[9]. Additionally, a United States analysis found higher mortality in undiagnosed COPD patients
[10].

Despite significant advancements in pharmacological therapies and clinical guidelines, the
persistent issues of underdiagnosis, undertreatment and poor adherence to inhalation therapies
underscore the need for improved COPD management. Evidence strongly suggests that adherence
to inhalation therapy reduces severe exacerbations [5]. However, most research has focused on
outpatient populations, while data on inpatient management of AE-COPD remain scarce. Hospitali‐
sation represents a critical stage in the disease course, associated with substantial healthcare
costs and increased mortality and morbidity [11]. Previous national audits indicated gaps in inpa‐
tient COPD care and guideline adherence [12], further highlighting the need for studies in this set‐
ting.

The present study therefore assesses (1) the characteristics of patients hospitalised for a
first episode of AE-COPD, (2) the differences between patients who had received guideline-recom‐
mended inhalation therapy prior to their first AE-COPD hospitalisation and those who had not, and
(3) the associations between patient characteristics, pre-hospital inhalation treatment status and 1-
year all-cause mortality following the index hospitalisation.

Methods
This was a non-randomised retrospective cohort study conducted at Buergerspital Solothurn, a
secondary-level hospital in Switzerland. The study was conducted between September 2016 and
September 2024 in a clinic for general internal medicine that cooperates with pulmonologists on an
in- and outpatient basis. The study is reported in accordance with the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines [13].

Data collection
The patient sample was identified retrospectively from the electronic medical record system (KI‐
SIM, Cistec AG, Zurich, Switzerland) using a two-step automated search: (1) text entries of AE-
COPD documented by treating physicians in discharge reports and (2) diagnostic codes for AE-
COPD from the billing system (International Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10): J44. Only primary diagnoses were included. Data quality
was ensured by subsequent manual validation: all cases were reviewed for diagnosis, complete‐
ness and consistency. Missing variables were supplemented. All identified cases were exported in‐
to REDCap for data management.
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The protocol was approved by the local ethics committee (Project-ID 2024-02509). No sep‐
arate study protocol was prepared, as this was a retrospective cohort study. The predefined out‐
comes were specified in the ethics application. The study was not registered in a trial registry. The
outcome was expanded from in-hospital mortality to 1-year follow-up on the basis of one review‐
er’s comments.

Inclusion / Exclusion criteria
Consecutive adult patients (≥18 years) admitted to the medical ward with clinically and spirometri‐
cally diagnosed AE-COPD as the main diagnosis between 1 September 2016 and 30 September
2024 were eligible for inclusion. Patients who had declined general consent and those identified
through automated screening but found not to have AE-COPD as the primary diagnosis upon man‐
ual review were excluded.

Sample size calculation
We planned a sample size of at least 723 patients per group (totaling 1’446 patients) with 80%
power, 5% level of significance, a mortality rate of 15% due to AE-COPD based on literature, and
an estimated difference in mortality between groups of 5% [14–18]. The sample size was estimated
based on an expected difference in 1-year all-cause mortality proportions between groups (fixed-
time comparison at 365 days). Time-to-event analyses (Kaplan-Meier and Cox regression) were
subsequently used to account for varying event times within the 1-year follow-up and to enable
multivariable adjustment.

Exposure
All enrolled patients were stratified into two groups according to their pre-admission inhalation
therapy. Information on pre-admission therapy was obtained from the official medication lists
documented at hospital entry, representing the current long-term outpatient treatment. Groups
were defined as follows: Group 1 comprised patients who were not receiving long-acting inhalation
therapy or only short-acting agents, while Group 2 included those who had been on guideline-rec‐
ommended long-acting inhalation therapy. Guideline-recommended inhalation therapy was defined
by the use of long-acting inhalation therapy, which included monotherapy with long-acting β2-ag‐
onists (LABA) or long-acting muscarinic antagonists (LAMA); dual-combination therapy with LABA/
LAMA or LABA/inhaled corticosteroids (ICS); or triple-combination therapy with LABA/LAMA/ICS
[19, 20].

Clinical management during hospitalisation
Acute exacerbations were managed according to local standards based on the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) recommendations [21] and national Swiss guidance
[22]: systemic corticosteroids (oral prednisolone 40–50 mg once daily for up to 5 days), oxygen
supplementation, short-acting bronchodilators and physiotherapy when feasible. Antibiotic therapy
was initiated when Anthonisen criteria were met, in line with guideline recommendations [23].

Discharge management followed routine clinical practice. Patients were either continued on
inpatient treatment or transitioned to an outpatient regimen once clinical improvement was ach‐
ieved. Discharge medication was prescribed at the discretion of the treating physicians. Follow-up
with the patient’s general practitioner was routinely arranged, including written recommendations
on further management and referral to a pulmonologist when indicated.

Measurements and variables
All included patients had a diagnosis of COPD recorded in the electronic health record. Whenever
available, spirometry results were used; in patients without spirometry prior to the index hospitali‐
sation, the diagnosis was based on clinical assessment by the treating physicians in accordance
with GOLD recommendations, reflecting real-world clinical practice.

Comorbidities were recorded according to the GOLD report (heart failure, ischaemic heart
disease, arrhythmias, arterial hypertension, pulmonary hypertension, peripheral vascular disease,
obstructive sleep apnoea, diabetes mellitus, osteoporosis, anaemia, polycythaemia, depression,
cognitive impairment, frailty and lung cancer) and, additionally, the Charlson Comorbidity Index
(cerebrovascular disease, diabetes mellitus with end-organ damage, hemiplegia, connective tissue
disease, liver disease, kidney disease, any tumour, leukaemia, lymphoma and metastatic cancer)
[19, 24].  All variables were collected at hospital admission or events occurring during the index
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hospitalisation. Additional variables collected included (1) smoking status, previous pulmonary re‐
habilitation, and already-established long-term oxygen therapy (LTOT), phosphodiesterase-4-in‐
hibitor (PDE-4-i), theophylline, macrolides and spacer, and (2) occurrences during index hospitali‐
sation or data from initial emergency presentation (pneumonia, antibiotic treatment, stay on the in‐
tensive care unit [ICU], white blood cells, C-reactive protein, acidosis, mean arterial pressure and
oxygen saturation).

Outcomes and follow-up
The primary outcome was 1-year all-cause mortality following the index hospitalisation for AE-
COPD. Mortality data were obtained from the electronic health record. Follow-up was complete for
all patients, with censoring at day 365 after discharge from index hospitalisation to assess survival
status. Secondary outcomes explored associations between patient characteristics, guideline-rec‐
ommended inhalation therapy and 1-year all-cause mortality.

Statistical analysis
Baseline characteristics were summarised as means with standard deviations (SD) or medians with
interquartile ranges (IQR) for continuous variables, and as counts with percentages for categorical
variables. Group comparisons were performed using independent t-tests for continuous variables
and chi-squared tests for categorical variables.

Time-to-event analyses were conducted for the primary outcome. Survival was described
using Kaplan-Meier curves and compared between groups using the log-rank test. Univariable as‐
sociations between variables and 1-year all-cause mortality were assessed using Cox proportional
hazards regression models and are reported as hazard ratios (HR) with 95% confidence intervals
(CI). A multivariable Cox proportional hazards regression model was performed adjusted for the
following variables on 1-year all-cause mortality: age, sex, severe GOLD status (spirometrically di‐
agnosed GOLD 3 and 4), heart failure, ischaemic heart disease, pulmonary hypertension, diabetes
mellitus, moderate-severe kidney disease, lung cancer, pneumonia, antibiotic treatment, ICU,
acidosis, C-reactive protein, mean arterial pressure and the grouping variable (Group 1: no long-
acting inhalation therapy vs Group 2: long-acting inhalation therapy). Effect estimates from the
multivariable model were reported as adjusted HRs with 95% CI.

Missing data for baseline characteristics were reported. No imputation was performed for
the multivariable survival analysis: only variables with complete-case data were used. In an explor‐
atory analysis, we assessed the association between inhaled corticosteroid use, defined as a pre-
admission inhalation regimen containing an inhaled corticosteroid component, and pneumonia inci‐
dence in a univariable analysis reported as an odds ratio (OR) with 95% CI. All statistical analyses
were conducted using jamovi software (version 2.6.44, additional packages: jsurvival and clinico‐
path), with a two-sided significance threshold set at p <0.05.

Results

Baseline characteristics
Overall, 1855 patients were included in the study (figure 1), with 834 (45.0%) patients without and
1021 (55.0%) patients with guideline-recommended long-acting inhalation therapy prior to hospital‐
isation. Baseline characteristics are listed in table S1 in the appendix. Patients were aged on aver‐
age 72 years (SD: ±11.3) with a body mass index (BMI) of 25.6 kg/m2 (IQR: 7.6, reported on availa‐
ble cases, missing values for 87 patients [4.7%]). In total, there were more male than female pa‐
tients: 1058 (57.0%) vs 797 (43.0%). The GOLD stage was undocumented in 938 patients (50.6%),
with a significantly higher proportion of missing data in Group 1 compared to Group 2 (66.5% vs
37.5%, p <0.001). Advanced GOLD stages (3 and 4) were more frequently observed in Group 2
(29.5%) than in Group 1 (9.8%, p <0.001). Similarly, risk classification was not documented in 1533
patients (82.6%), with a higher proportion of missing data in Group 1 (91.6% vs 75.3%, p <0.001).
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Figure 1: Study design.

For comorbidities, heart failure (40.3% vs 35.6%, p = 0.038), pulmonary hypertension (10.1% vs
13.5%, p = 0.026), obstructive sleep apnoea (12.2% vs 16.3%, p = 0.014), moderate-severe kidney
disease (10.0% vs 15.7%, p <0.001) and Asthma-COPD-Overlap Syndrome (ACOS) (1.8% vs 7.8%,
p <0.001) were significantly less frequently observed in Group 1 than in Group 2. In contrast, cogni‐
tive impairment (9.2% vs 4.6%, p <0.001), cerebrovascular disease (6.8% vs 4.1%, p = 0.012) and
moderate-severe liver disease (1.3% vs 0.4%, p = 0.035) were significantly more frequently repor‐
ted in Group 1 than in Group 2. There were no significant differences for the following comorbidi‐
ties: arterial hypertension, ischaemic heart disease, arrhythmia, peripheral vascular disease, lung
cancer, diabetes mellitus with and without end-organ damage, osteoporosis, anaemia, polycythae‐
mia, anxiety and depression, frailty, connective tissue disease, mild liver disease, hemiplegia, any
tumour, leukaemia, lymphoma and metastatic cancer.

Further, no significant differences were observed between groups in terms of pulmonary re‐
habilitation, pack-years (reported on available cases, missing values for 836 patients [45.1%]), use
of theophylline, macrolides or spacers. However, significant differences were found in the use of
LTOT, smoking cessation support, PDE-4-i and long-acting inhaled corticosteroids.

During the index hospitalisation, there were fewer cases with prescribed antibiotic treatment
in Group 1 than in Group 2 (20.6% vs 26.3%, p = 0.004). There were no significant differences be‐
tween groups for: pneumonia, ICU, white blood cells, C-reactive protein, acidosis, mean arterial
pressure and oxygen saturation.

Outcomes
The Kaplan-Meier survival curves (figure 2) demonstrate a significantly higher survival probability
in patients receiving guideline-recommended inhalation therapy (Group 2) compared to those with‐
out guideline-recommended inhalation therapy (Group 1) throughout the 1-year follow-up period. In
total, 236 deaths (12.7%) occurred: in 133 of the 834 (15.9%) patients in Group 1 and 103 of the
1021 (10.1%) patients in Group 2. The difference between groups was statistically significant in the
log-rank test (χ² = 15.0, df = 1; p <0.001).
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Figure 2: Kaplan-Meier survival curve. X-axis denotes time in days (censored at day 365). Y-axis denotes survival probability.
Group 1: no inhalation therapy. Group 2: inhalation therapy. A total of 236 events (12.7%) occurred: 133 among the 834 patients
(15.9%) in Group 1 and 103 among the 1021 patients (10.1%) in Group 2. The difference between groups was statistically signifi‐
cant in the log-rank test (χ² = 15.0, df = 1; p <0.001).

Unadjusted, univariable results between variables and 1-year all-cause mortality are reported in ta‐
ble S2 in the appendix. In the multivariable Cox regression analysis between variables and 1-year
all-cause mortality with reported adjusted HRs (see figure 3 and table S2 in the appendix), the
treatment group independently showed a significant association with 1-year all-cause mortality
(HR: 1.95; 95% CI: 1.48–2.56; p <0.001). Further variables with independent significant associations
with 1-year all-cause mortality in adjusted analyses were:severe GOLD stage (GOLD 3 or 4, HR:
2.04; 95% CI: 1.48–2.80; p <0.001), heart failure (HR: 1.37; 95% CI: 1.01–1.86, p = 0.044), lung can‐
cer (HR: 4.22; 95% CI: 2.90–6.14; p <0.001), ICU (HR: 1.80, 95% CI: 1.07–3.01; p = 0.026) and high‐
er age per year (HR: 1.05; 95% CI: 1.03–1.06; p <0.001). Higher mean arterial pressure per point
mmHg was significantly associated with lower 1-year all-cause mortality (HR: 0.99; 95% CI: 0.98–
1.00, p = 0.006). There was no significant association found for sex, ischaemic heart disease, pul‐
monary hypertension, diabetes mellitus, moderate-severe kidney disease, pneumonia, antibiotic
treatment, acidosis and C-reactive protein.
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Figure 3: 

Table 1: 

Forest plot for multivariable Cox regression analysis with listed variables on 1-year all-cause mortality after index hos‐
pitalisation for AE-COPD, reported as adjusted hazard ratio. Variable 1: Grouping variable where Group 1 = no inhalation therapy
(reference), Group 2 = inhalation therapy (comparator). Interpretation: The reference group (Group 1) shows a significantly
higher HR than the comparator group (Group 2). CI: confidence interval; CRP: C-reactive protein; HR: hazard ratio; ICU: inten‐
sive care unit; MAP: mean arterial pressure.

Incidence of pneumonia and inhaled corticosteroids
Among patients with inhaled corticosteroid-based therapy (n = 521), the incidence of pneumonia
was 10.8% (56 cases) compared to 12.0% (160 cases) in patients without inhaled corticosteroid
use (n = 1334). In the univariable analysis, the odds ratio of pneumonia was not significantly differ‐
ent between groups (OR: 0.88; 95% CI: 0.6–1.2; p = 0.47).

Univariable analysis including odds ratio between use of inhaled corticosteroids and pneumonia incidence.

Variables (n, [%]) Pneumonia (+) Pneumonia (-) Pneumonia incidence
(%)

Univariable analysis
OR CI p-value

ICS users 56 [3.0%] 465 [25.1%] 10.8% 0.88 (0.6;1.2) 0.47

Non-ICS users 160 [8.5%] 1174 [63.3%] 12.0%

CI: confidence interval; ICS: inhaled corticosteroid; OR: odds ratio.

Subgroup analysis
In a subgroup analysis restricted to patients with spirometrically confirmed COPD, the Kaplan-Mei‐
er survival curves showed a comparable separation between groups (see figure S1 in the appen‐
dix). The association between prior inhalation therapy and improved 1-year survival remained con‐
sistent.

Discussion
This study characterises patients at their first recorded hospitalisation for AE-COPD in a real-
world, single-centre cohort in Switzerland, which operates in a well-developed healthcare system
[25]. We found that 50.6% and 82.6% of patients admitted with AE-COPD had no documented
GOLD stage or risk classification, respectively. Further, 45.0% of patients did not have any guide‐
line-recommended inhalation therapy prior to admission. These findings highlight ongoing diag‐
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nostic and therapeutic challenges in the management of COPD, though it remains unclear whether
these deficits stem from provider practices or patient adherence. The burden of comorbidities was
high, particularly cardiovascular disease and malignancy, which is consistent with previous reports
describing COPD as a multimorbid condition [19, 26]. These findings suggest that a considerable
proportion of patients enter the hospital system with insufficient prior diagnostic work-up and in‐
complete disease characterisation, limiting risk stratification and potentially delaying appropriate
management.

Patients with guideline-recommended long-acting inhalation therapy prior to hospitalisation
differed only modestly in baseline characteristics from those without prior inhalation therapy, sup‐
porting overall comparability between groups. Patients receiving inhalation therapy tended to have
more advanced COPD, yet showed lower 1-year all-cause mortality. This apparent paradox argues
against a simple confounding by disease severity and suggests that prior inhalation therapy may
serve as a surrogate marker for better integration into structured COPD care due to the healthy ad‐
herer effect [27]. Such patients are more likely to have established diagnoses, and higher adher‐
ence and physician awareness, rather than benefiting solely from the pharmacological effect of in‐
halation therapy.

The Kaplan-Meier survival curves showed higher early mortality during the one-year follow-
up among patients without prior inhalation therapy. The early divergence suggests that the risk is
concentrated in and around the hospitalisation phase, aligning with literature describing AE-COPD
as a critical event [19, 28]. The curves then become parallel, potentially indicating intensified fol‐
low-up and an improvement in diagnostic and therapeutic management after hospitalisation. In our
cohort, prior inhalation therapy remained independently associated with lower one-year all-cause
mortality, alongside established prognostic factors such as age, severe GOLD stages, ICU admis‐
sion, and relevant comorbidities [19]. These findings confirm the concept that AE-COPD is not
merely an acute event but a marker of vulnerability, where post-discharge management and con‐
tinuity of care may be decisive for survival.

Despite the advantages of a highly accessible healthcare infrastructure, continued efforts to
reduce smoking and advancements in COPD care, the disease remains underdiagnosed and un‐
dertreated, with a substantial burden of comorbidity. It is likely that these gaps may be even more
pronounced in countries with less developed healthcare systems. Our data further indicate that
guideline-based care, particularly regarding routine spirometry and stepwise intensification of in‐
halation therapy, is not yet fully integrated into daily clinical practice. The findings further suggest a
heterogeneous patient population: some with confirmed spirometric diagnoses but poor treatment
adherence, and others with clinically diagnosed COPD managed by primary care, yet receiving
guideline-recommended inhalation therapy.

Comparison with existing literature
Our findings are consistent with previous studies that have highlighted the underdiagnosis and the
undertreatment of COPD [7-9]. However, whereas prior research has primarily focused on outpa‐
tient populations, our study extends these observations to the inpatient setting. A significant pro‐
portion of hospitalised patients lacked documented GOLD staging, had no recorded risk classifica‐
tion, or were documented in risk categories (A or B) that are inconsistent, as hospitalisation for AE-
COPD inherently places patients into Group E since GOLD 2023 revision (formerly GOLD Group
C/D). Inadequate disease stratification in this context may have significant consequences for both
therapeutic decision-making and patient prognosis [29].

Our findings align with Diab et al., who reported significant underdiagnosis and poor docu‐
mentation in real-world settings, especially in primary care [7]. Patients with prior guideline-recom‐
mended inhalation therapy had a significantly lower one-year all-cause mortality rate, despite hav‐
ing more advanced disease stages and comparable comorbidities. This protective association is
supported by Suissa et al., who demonstrated that inhalation therapy reduces mortality and severe
exacerbations [30]. The decision to add antibiotic treatment to AE-COPD was significantly higher
in Group 2, yet the cofactors during hospitalisation remained similar. Rello et al. showed that COPD
patients are more likely to receive antibiotics, independent of pneumonia diagnosis [31]. We ex‐
plain this phenomenon by a higher level of clinical vigilance; however, the possibility of overtreat‐
ment remains. Interestingly, despite concerns in previous studies [32] about an increased pneumo‐
nia risk with inhalation ICS use, our findings did not demonstrate any association between ICS-
based regimens and pneumonia incidence in univariable analysis. Compared with previous Swiss
audits, our documentation rate was lower than in the recent single-centre audit [12], but higher
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than in the Swiss subset of the European COPD Audit [33]. This likely reflects a higher proportion
of first COPD diagnoses or clinically suspected cases without prior spirometric confirmation in our
cohort. The comorbidity rates are comparable to those in national registries [33].

The inpatient setting represents both a challenge and an opportunity in COPD care. Hospi‐
talisation for AE-COPD is associated with high short-term mortality but also offers a key moment to
reassess diagnosis, optimise inhalation therapy, and initiate supportive measures such as smoking
cessation or referral to rehabilitation [34, 35]. Structured inpatient pathways showed trends for im‐
proving guideline-conform care [36]. We argue that several factors may explain the high rate of un‐
documented GOLD staging and risk classification at the time of the index hospitalisation. Outpa‐
tient diagnostic pathways seem to be insufficiently established, meaning that many patients are
hospitalised for the first time without prior spirometry or risk assessment. During the index hospi‐
talisation, which is dominated by acute management, comprehensive diagnostics such as spirome‐
try are frequently not feasible, particularly in severely ill patients. On the provider side, poor adher‐
ence by patients in the outpatient setting may contribute to underutilisation of long-acting inhala‐
tion therapy. We therefore argue that hospitalisation has to serve as a turning point to efficiently
address these gaps.

Implications for research and clinical practice
The high proportions of patients without documented GOLD staging, risk classification or guide‐
line-recommended inhalation therapy at the time of first AE-COPD hospitalisation highlight sub‐
stantial diagnostic and therapeutic inadequacies in routine clinical care. Systematic use of spiro‐
metry and structured disease management should be reinforced in the outpatient setting and,
where feasible, referrals initiated during hospitalisation. Clinical efforts should not only focus on
prescribing guideline-recommended inhalation, but also on ensuring continuity of care, treatment
escalation when indicated and adherence over time. Additionally, the high prevalence of comorbid‐
ities in COPD patients highlights the need for integrated care models that address multimorbidity in
COPD management.

Future clinical research needs to strengthen patient adherence to therapy by addressing
misconceptions, knowledge gaps and barriers to adherence. Further, the role of comorbidities in
COPD patients and the barriers to treatment adherence from the patient’s point of view need to be
explored.  

Strengths and limitations
The large sample size and the real-world setting enhance the generalisability of the findings. The
potential for missing data concerning spirometric COPD diagnosis was considered low due to the
hospital’s geographical location (catchment area) and due to close collaboration with regional pul‐
monologists with regular transfer of patient information:  the hospital routinely admits all patients
with AE-COPD (usually no transfer to e.g. tertiary hospital necessary); and for AE-COPD patients,
referral pathways are well established without competing hospitals within the immediate geograph‐
ic area.

However, the retrospective observational design limits causal inference, and all results
should be interpreted as associations. Although standardised data extraction with predefined pro‐
tocols and manual record validation were applied to minimise information bias, reliance on routine
clinical documentation may have resulted in misclassification. Residual confounding cannot be ex‐
cluded. Furthermore, false-negative cases of COPD not captured by electronic queries could not
be systematically quantified. Detailed information on discharge medication, structured follow-up,
duration of pre-admission inhalation therapy and treatment adherence was not available: medica‐
tion status at admission reflected current outpatient prescriptions but did not permit conclusions
regarding long-term use or adherence. Outcomes may be confounded due to missing data for
smoking status and pack-years; however, the extent of missingness for these variables paralleled
missing GOLD classifications, suggesting that incomplete documentation primarily occurred in pa‐
tients without spirometric confirmation of COPD, in whom disease severity and related parameters
were generally less comprehensively recorded.

Finally, patients receiving guideline-recommended inhalation therapy had more advanced
COPD yet demonstrated better outcomes. This apparent paradox, as previously prescribed, likely
reflects differences in healthcare utilisation and medical supervision rather than a pharmacological
effect alone, and may partially explain the observed survival advantage.
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Conclusion
In this study, we found that 45.0% of patients hospitalised with AE-COPD had no prior guideline-
recommended inhalation therapy, 50.6% had no documented GOLD staging and 82.6% had not
undergone formal risk stratification. Overall, we saw a high comorbidity burden and a 1-year all-
cause mortality of 12.7% with a significantly worse outcome for undertreated patients in and
around the index hospitalisation for AE-COPD. Our study suggests that guideline-recommended in‐
halation therapy reflects structured COPD care, earlier diagnosis and closer medical follow-up
rather than a pharmacological effect alone. These findings highlight that deficiencies in COPD
management may persist even in well-resourced healthcare settings and that hospitalisation for
AE-COPD represents a critical opportunity to reassess diagnosis and optimise long-term treat‐
ment. Addressing these gaps will require coordinated efforts among general practitioners, hospi‐
tal-based physicians, pulmonologists and patients to ensure comprehensive and continuous care
for individuals with COPD.
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Appendix 1: Baseline characteristics 

Table S1: Baseline characteristics of patients hospitalised with AE-COPD, stratified by pre-admission 

inhalation therapy   

Variables 
All patients 

(n=1,855) 

No long-acting 

inhalation therapy 

(Group 1, n=834) 

Long-acting 

inhalation therapy 

(Group 2, n=1,021) 

P-value

Age in years (mean, [SD]) 72  [11.3] 71.5  [11.7] 72.4  [10.9] 0.099 

BMI* (median, [IQR]) 25.6 [7.6] 25.7 [7.5] 25.6 [7.8] 0.288 

Gender 

Male (n, [%]) 1,058  [57.0%] 491  [58.9%] 567 [55.5%] 

Female (n, [%]) 797  [43.0%] 343  [41.1%] 454 [44.5%] 0.148 

GOLD stage 

GOLD 1 (n, [%]) 107  [5.8%] 65  [7.8%] 42 [4.1%] 

GOLD 2 (n, [%]) 427  [23.0%] 132  [15.8%] 295 [28.9%] 

GOLD 3 (n, [%]) 261  [14.1%] 61  [7.3%] 200 [19.6%] 

GOLD 4 (n, [%]) 122  [6.6%] 21  [2.5%] 101 [9.9%] 

GOLD unknown (n, [%]) 938  [50.6%] 555  [66.5%] 383 [37.5%] <0.001 

Risk category 

Risk class A (n, [%]) 63  [3.4%] 22  [2.6%] 41 [4.0%] 

Risk class B (n, [%]) 133  [7.2%] 20  [2.4%] 113 [11.1%] 

Risk class C (n, [%]) 21  [1.1%] 4  [0.5%] 17 [1.7%] 

Risk class D (n, [%]) 93  [5.0%] 20  [2.4%] 73 [7.1%] 

Risk class E (n, [%]) 12  [0.6%] 4  [0.5%] 8 [0.8%] 

Risk class unknown (n, [%]) 1,533  [82.6%] 764  [91.6%] 769 [75.3%] <0.001 

Smoking status 

No smoking cessation (n, [%]) 797  [43.0%] 369  [44.2%] 428 [41.9%] 

Smoking cessation (n, [%]) 538  [29.0%] 192  [23.0%] 346 [33.9%] 

Unknown smoking (n, [%]) 520  [28.0%] 273  [32.7%] 247 [24.2%] <0.001 

Pack-years* (median, [IQR]) 50  [30] 50  [29.5] 50 [25.5] 0.440 

Therapy 

Pulmonary rehabilitation (n, [%]) 53  [2.9%] 17  [2.0%] 36 [3.5%] 0.056 

LTOT (n, [%]) 142  [7.7%] 37  [4.4%] 105 [10.3%] <0.001 

PDE-4-i (n, [%]) 30  [1.6%] 4  [0.5%] 26 [2.5%] <0.001 

Theophylline (n, [%]) 7  [0.4%] 1  [0.1%] 6 [0.6%] 0.102 

Macrolide (n, [%]) 15  [0.8%] 5  [0.6%] 10 [1.0%] 0.363 

Spacer (n, [%]) 9  [0.5%] 2  [0.2%] 7 [0.7%] 0.169 

ICS (n, [%]) 521  [28.1%] 26  [3.1%] 495 [48.5%] <0.001 

Comorbidities 

Heart failure (n, [%]) 699 [37.7%] 336 [40.3%] 363 [35.6%] 0.038 

Ischaemic heart disease (n, [%]) 706 [38.1%] 304 [36.5%] 402 [39.4%] 0.211 

Arrhythmia (n, [%]) 489 [26.4%] 220 [26.4%] 269 [26.3%] 1.000 

Arterial hypertension (n, [%]) 1275 [68.7%] 555 [66.5%] 720 [70.5%] 0.070 

Pulmonary hypertension (n, [%]) 222 [12.0%] 84 [10.1%] 138 [13.5%] 0.026 
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Peripheral vascular disease (n, [%]) 247 [13.3%] 110 [13.2%] 137 [13.4%] 0.891 

Cerebrovascular disease (n, [%]) 99 [5.3%] 57 [6.8%] 42 [4.1%] 0.012 

ACOS (n, [%]) 95  [5.1%] 15  [1.8%] 80 [7.8%] <0.001 

Obstructive sleep apnea (n, [%]) 268 [14.4%] 102 [12.2%] 166 [16.3%] 0.014 

Diabetes mellitus (n, [%]) 543 [29.3%] 239 [28.7%] 304 [29.8%] 0.608 

Diabetes with end-organ damage (n, [%]) 119 [6.4%] 57 [6.8%] 62 [6.1%] 0.507 

Osteoporosis (n, [%]) 238 [12.8%] 102 [12.2%] 136 [13.3%] 0.530 

Anemia (n, [%]) 532 [28.7%] 236 [28.3%] 296 [29.0%] 0.757 

Polycythemia  (n, [%]) 38 [2.0%] 15 [1.8%] 23 [2.3%] 0.515 

Depression (n, [%]) 427 [23%] 201 [24.1%] 226 [22.1%] 0.319 

Cognitive impairment (n, [%]) 124 [6.7%] 77 [9.2%] 47 [4.6%] <0.001 

Frailty (n, [%]) 245 [13.2%] 118 [14.1%] 127 [12.4%] 0.301 

Hemiplegia (n, [%]) 10 [0.5%] 5 [0.6%] 5 [0.5%] 0.761 

Connective tissue disease (n, [%]) 15 [0.8%] 10 [1.2%] 5 [0.5%] 0.118 

Mild liver disease (n, [%]) 61 [3.3%] 30 [3.6%] 31 [3.0%] 0.515 

Moderate-severe liver disease (n, [%]) 15 [0.8%] 11 [1.3%] 4 [0.4%] 0.035 

Moderate-severe kidney disease (n, [%]) 243 [13.1%] 83 [10.0%] 160 [15.7%] <0.001 

Lung cancer (n, [%]) 87 [4.7%] 40 [4.8%] 47 [4.6%] 0.912 

Any tumor (n, [%]) 582 [31.4%] 273 [32.7%] 309 [30.3%] 0.269 

Leukemia (n, [%]) 8 [0.4%] 6 [0.7%] 2 [0.1%] 0.151 

Lymphoma (n, [%]) 13 [0.7%] 6 [0.7%] 7 [0.7%] 1.000 

Metastatic cancer (n, [%]) 250 [13.5%] 114 [13.7%] 136 [13.3%] 0.827 

Index hospitalisation 

Pneumonia (n, [%]) 216 [11.6%] 94 [11.3%] 122 [11.9%] 0.663 

Antibiotic treatment (n, [%] 441 [23.8%] 172 [20.6%] 269 [26.3%] 0.004 

ICU (n, [%]) 81 [4.4%] 32 [3.8%] 49 [4.8%] 0.361 

WBC (median, [IQR]) 9.1 [4.8] 9 [4.7] 9.1 [4.8] 0.319 

CRP (median, [IQR]) 11.8 [53.8] 11.45 [56.4] 12.2 [52.7] 0.501 

Acidosis (n, [%]) 223 [12.0%] 92 [11.0%] 131 [12.8%] 0.251 

MAP (median, [IQR]) 98 [22.0] 98 [23.0] 98 [23.0] 0.454 

Oxygen saturation (median, [IQR]) 94 [4.0] 94 [4.0] 94 [5.0] 0.130 

Group 1 includes COPD patients not receiving long-acting inhalation therapy at the time of hospital 

admission. Group 2 includes COPD patients receiving long-acting inhalation therapy at the time of 

hospital admission. Missing values are reported separately in their own group to be accounted for 

("Unknown") or marked by *. For BMI, 1'768 cases were available (87 missing values); for pack-years, 

1'019 cases were available for summary statistics (836 missing values). ACOS = asthma-COPD-overlap 

syndrome, BMI = body mass index, CRP = C-reactive protein, ICS = inhaled corticosteroid, ICU = 

intensive care unit, IQR = interquartile range, LTOT = long-term oxygen therapy, MAP = mean arterial 

pressure, PDE-4-i = Phosphodiesterase-4-inhibitor, SD = standard deviation, WBC = white blood cells.
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Appendix 2: Multivariable analysis model 

Table S2: Univariable and multivariable survival analyses. Association of listed covariables with one-

year all-cause mortality  

Covariable 
Univariable Analysis Multivariable Analysis 

HR CI P-value HR CI P-value

Inhalation therapy  1.65 1.28-2.14 < 0.001 1.95 1.48-2.56 < 0.001 

Gender 0.98 0.75-1.26 0.859 0.99 0.76-1.30 0.946 

Severe GOLD (3 & 4) 1.38 1.03-1.84 0.032 2.04 1.48-2.80 < 0.001 

Heart failure  1.53 1.19-1.98 0.001 1.37 1.01-1.86 0.044 

Ischaemic heart disease  1.04 0.80-1.35 0.759 0.79 0.58-1.08 0.146 

Pulmonary hypertension 1.31 0.91-1.87 0.141 1.18 0.82-1.71 0.374 

Diabetes mellitus  1.07 0.81-1.41 0.639 1.08 0.81-1.43 0.616 

Moderate-severe kidney 

disease 1.12 0.78-1.61 0.534 1.08 0.75-1.57 0.680 

Lung cancer  3.68 2.55-5.31 < 0.001 4.22 2.90-6.14 < 0.001 

Pneumonia  1.21 0.84-1.76 0.306 1.28 0.77-2.11 0.336 

Antibiotic treatment 1.15 0.86-1.54 0.343 0.95 0.64-1.42 0.817 

ICU  1.90 1.17-3.07 0.009 1.80 1.07-3.01 0.026 

Acidosis  1.03 0.70-1.51 0.900 1.05 0.70-1.57 0.819 

Age per year   1.04 1.03-1.06 < 0.001 1.05 1.03-1.06  < 0.001 

CRP per mg/l  1.00 1.00-1.00 0.280 1.00 1.00-1.00 0.234 

MAP per mmHg  0.99 0.98-1.00 0.014 0.99 0.98-1.00 0.006 

HR (95% CI) from univariable and from multivariable analysis adjusted for treatment group, age, 

gender, severe GOLD stages (3 & 4), heart failure, ischaemic heart disease, pulmonary hypertension, 

diabetes mellitus, lung cancer, pneumonia, ICU, CRP, acidosis, MAP. Outcome: one-year all-cause 

mortality. Interpretation: HR > 1 indicated worse outcome (one-year all-cause mortality) in patients 

treated without long-acting inhalation therapy (reference=Group 1) compared to those with long-acting 

inhalation therapy (comparison=Group 2). CI: confidence interval, CRP: C-reactive protein, HR: hazard 

ratio, ICU: intensive care unit, MAP: mean arterial pressure.
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Appendix 3: Kaplan-Meier survival curve for subgroup analysis 

Figure S1: Kaplan-Meier survival curve for subgroup analysis including only patients with 

spirometrically diagnosed COPD 

Kaplan-Meier survival curve for subgroup analysis – patients with spirometrically diagnosed COPD 

only (GOLD 1, 2, 3 and 4). X-axis time in days (censored at day 365). Y-axis survival probability. In 

total, 917 patients (of 1,855 (= 49.4%) had a spirometrical diagnosis of COPD. Group 1: spirometrically 

diagnosed COPD GOLD stages 1-4 without inhalation therapy (n=279). Group 2: spirometrically 

diagnosed COPD GOLD stages 1-4 with inhalation therapy (n=638). 127 events (13.9%) occurred: 63 

of 279 patients (22.6%) in Group 1, and 64 of 638 patients (10.0%) in Group 2. The difference between 

groups was statistically significant in the log-rank test (χ² = 26.8, df = 1; p < 0.001) 
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