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Introduction: Many chronic obstructive pulmonary disease (COPD) patients below retirement age are outside the workforce. The 
existing knowledge about association between acute exacerbation of COPD (AECOPD) and disability retirement is limited.
Aim: The aim of this study is to explore disability retirement in COPD patients 3 years following first-ever AECOPD.
Methods: This retrospective registry-based follow-up cohort study design is based on nationwide Danish registry data. Patients 
admitted to the hospital for the first time between 1999 and 2017 with AECOPD and age between 35 and 59 years, active in the 
workforce, were included in the study. Socio-demographics, comorbidities and inhaled medication use were explored. COPD patients’ 
hazard ratio of disability retirement during 3-year follow-up was calculated. Cox regression was used to examine the effects of 
covariates on disability retirement.
Results: A total of 4032 patients were included in the study. During follow-up, 17.2% (692/4032) experienced disability retirement 
from the workforce. Factors associated with disability retirement were expressed as hazard ratio (95% confidence intervals): Higher 
age (ref. age 46–50: Age 51–55, 1.42, (1.12–1.81); age 56–59, 1.37 (1.08–1.74)); living alone (1.34 (1.14–1.56)); number of 
comorbidities for 1, 2, and 3 comorbidities (1.36 (1.14–1.62), 1.57 (1.19–2.07), 1.77 (1.20–2.60)); emphysema (2.01 (1.44–2.79)); 
depression (1.60 (1.12–2.28)); cardiac comorbidity (1.38 (1.07–1.78)); triple inhalation therapy (2.76 (2.20–3.47)); ICS + LAMA or 
ICS + LABA treatment (1.82 (1.48–2.23)); and ICS treatment (1.49 (1.17–1.90)). Higher educational level was associated with 
a significantly reduced risk of disability retirement, medium, short higher and long higher educational level, relative to low education 
level (0.78 (0.67–0.91), 0.63 (0.48–0.83) and 0.27 (0.12–0.60)).
Conclusion: Patients vulnerable to disability retirement are patients with markers of severe COPD, comorbidities, and social 
vulnerability.
Keywords: chronic obstructive pulmonary disease, return to work, early retirement, comorbidities

Introduction
Approximately 47–70% of the COPD patients below retirement age are not working.1–3 In addition to poor workforce 
connection, COPD patients also have poorer performance at work and more days off work, compared to healthy 
individuals.4 The poor workforce performance comes with high indirect socio-economic expenses, eg, lost tax revenue 
and increased public support.5,6 Early retirement/disability retirement benefit has previously been associated with 
increased readmission and mortality rates.7
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Previous studies that explored factors associated with COPD patients being outside the workforce have found that 
older age, lower education level, more breathlessness, and high exposure to vapours, gasses, dust, and fumes, low 
exercise capacity as well as increased airflow obstruction were associated with being outside the workforce.1,3,4 Smoking 
has prospectively been associated with a higher likelihood of disability retirement.8–10 However, the knowledge on how 
AECOPD affects patients’ workforce connection and to which extent the acute exacerbation event leads to permanent 
detachment from the workforce is not well established in the literature. Understanding how AECOPD affects workforce 
connection and what precedes detachment will help identify vulnerable individuals in the COPD population.

The aim of this study is therefore to examine the characteristics of patients who during a 3-year follow-up period 
become disability retirement beneficiaries following first AECOPD.

Method
Study Setting
The Danish welfare system provides free health care for all citizens and provides social benefits to citizens who are 
incapacitated from participating in the workforce. These benefits, among others, include unemployment benefits, 
disability pension, sickness benefit, voluntary early retirement, and regular retirement pension for all citizens. 
Information on each Danish citizen is recorded by the Danish Civil Personal Registration number unique to each 
citizen.

Study Design
This study is a nationwide retrospective register-based cohort study from 1999 to 2017 with access to data on the entire 
Danish population. Employment data and Cause of Death Registry data were available until December 31, 2020.

Study Population
The study population consisted of first-time admissions to the hospital with AECOPD. Patients who were employed prior 
to admission and alive 30 days after hospital admission were included. Patients receiving sickness benefit 3 out of 4 
weeks prior to admission were excluded since AECOPD would not likely be the source of detachment in this group.

Exclusion criteria were as follows: A previous diagnosis of asthma; age below 35 to limit misclassification of COPD 
in case of actual asthma; age above 59 were excluded to eliminate patients leaving the workforce due to regular 
retirement pension at age 65 and patients leaving the workforce due to voluntary early retirement, which during the 
observation period was possible in Denmark from the age of 60. Individuals with missing data on covariates were 
excluded.

Follow-up started 4 weeks after admission, as registration of public payment of sickness benefit starts with ≥4 weeks 
of sickness leave in the Danish public support system.

Data Sources
The Danish Civil Personal Registration number was used to identify patients across different Danish national registries 
containing information on all Danish citizens.11 Access to the Danish National Patient Registry was available which 
contains ICD-10 diagnosis codes for all contacts with Danish hospitals, both outpatient and admission.12 Furthermore, we 
obtained data on time of death through the Danish Cause of Death Registry;13 psychiatric diagnoses were obtained 
through the Danish Central Psychiatry Registry; age and sex were obtained through the Danish Civil Personal 
Registration System; employment status was obtained through the Danish National Labour Market Registry (the 
DREAM database) which records all public social support received on a weekly basis,14 and redeemed medication 
prescriptions were obtained through the Danish National Prescription Registry which records information on all 
redeemed prescriptions from Danish pharmacies.15 Highest achieved educational level and cohabitation status were 
extracted from registries administered by the Statistics of Denmark.
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Variable Definitions
AECOPD
AECOPD was defined as an ICD-10 code COPD (DJ44), excluding DJ448B chronic asthmatic bronchitis as primary 
diagnosis, or a combination of respiratory failure (DJ96) or pneumonia (DJ13-18) with a COPD diagnosis (defined as 
above) as a secondary diagnosis within 30 days of admission.16 This definition of AECOPD has previously been 
confirmed with a positive predictive value of 92% in the Danish patient registry.16

Workforce Connection
Employment was defined as being self-supported or on certain types of public support related to being part of the 
workforce (eg, education support, see Table S1). The support classified as being part of the workforce was included due 
to their time-limited nature and an expectation of these patients becoming part of the workforce after the support ends.

Disability retirement included benefits only available to people with significant and lasting impaired ability to work 
(see Table S1).

The date of admission for AECOPD was used to calculate time to disability retirement from the workforce, using data 
form the DREAM database. If individuals did not receive disability retirement, they were recorded as no event and with 
3-year follow-up.

Covariates
Covariates included patients’ age, sex, cohabitation status, income, educational level, and inhalation medication use 
(prescriptions redeemed 6 months prior to admission indicating actual medication used). Comorbidity count was created 
using comorbidities included in the Charlson comorbidity score, comorbidities mentioned in Global Initiative for Chronic 
Obstructive Pulmonary Disease (GOLD) guidelines, comorbidities included in the COPD-specific comorbidity test 
(COTE) index and depression (see Table S2).17–19 Comorbidities were recorded 5 years prior to admission from the 
Danish National Patient Registry. Both the Danish National Patient Registry and the Danish National Prescription Registry 
were used for identification of diabetes, anxiety and depression using the medication ATC codes “A10, Drugs used in 
diabetes”, “N05B, Anxiolytics”, and “N06A, Antidepressants”, respectively (see Table S2). Hypertension was defined as 
a redemption of two anti-hypertensive drug groups (eg, diuretic and anti-adrenergic) twice within 6 months from AECOPD 
admission, to exclude misclassification of other cardiovascular diseases (see Table S2).

Inhalation medication usage was recorded 6 months prior to admission. The 6 months recording of redeemed 
prescriptions were used to create exclusive inhalation medication groups where included individuals were only able to 
be in one group (No inhalation medication, ICS, “LAMA or LABA”, “LAMA + ICS or LABA + ICS”, “LAMA + 
LABA”, triple therapy or SABA only).

Educational level was divided in four educational levels (short, medium, short higher and long higher education) 
according to International Standard Classification of Education (ISCED): 0–2 (early childhood education level to lower 
secondary education level (short)), 3 (upper secondary education level (medium)), 5–6 (short-cycle tertiary education 
level to bachelor or equivalent level (short higher)), and 7–8 (masters/doctoral degree or equivalent (long higher)).20 

ISCED level 4 is not included since it does not exist in the Danish education system. Age was for the purpose of analysis 
grouped in age intervals 35–45, 46–50, 51–55, 56–59 to avoid linearity problems in the Cox regression.

Statistical Analysis
Continuous variables were reported using means with standard deviations (SD), where data were normally distributed, 
and medians with 25th–75th percentile [IQR], when data deviated from the normal distribution. Categorical variables 
were presented using counts and percentages. Cox regression was used to explore 3-year hazard of disability retirement.

Patients dying during follow-up were treated as competing risks in the analyses due to individuals dying being unable 
to receive disability retirement. Early voluntary retirement was similarly treated as a competing risk, as it does not 
necessarily indicate a functional decline and a change to disability retirement is highly unlikely. The competing risk 
hazard ratios (HRs) for death from the Cox regression of disability retirement is reported separately.
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One explorative Cox regression model was created including age group, sex, educational level, and cohabitation 
status, number of comorbidities, comorbidities mentioned in the GOLD guidelines with ischemic heart disease, atrial 
fibrillation/flutter, and heart failure combined to one cardiac comorbidity variable and inhalation medication use.17 

Number of comorbidities and specific comorbidities were not included in the model at the same time.
Return to work, defined as the above-mentioned employment definition, following AECOPD was tracked for the 

purpose of identifying individuals not returning to work between their first admission with AECOPD and disability 
retirement.

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R version 3.4.1 were used for data management and 
statistical analysis.

Results
Patients
Inclusion and exclusion of patients is shown in Figure 1.

Characteristics
Baseline characteristics are shown in Table 1.

First AECOPD hospital
admission 1999-2017

N(134,554)

Age 35-59 years
N(14,695)

Asthma diagnosis
N(11,481)

Died within first 30 days
N(477)

30-day survivors
N(14,218)

Working at the time of
AECOPD N(4225)

Complete data included
N(4032)

Not working at time of
AECOPD N(9993)

Missing data N(193)

No Previous asthma
N(123,073)

Age below 35 or
above 59 N(108,378)

Figure 1 Flowchart of patient inclusion.
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Table 1 Baseline Data on Population

Variable Level Total (n=4032)

Male 1881 (46.7)

Age Median [IQR] 54 [50, 57]

Age Group 35–45 510 (12.6)

46–50 643 (15.9)

51–55 1336 (33.1)

56–59 1543 (38.3)

Education* Short 1583 (39.3)

Medium 1893 (46.9)

Short higher 450 (11.2)

Long higher 106 (2.6)

Living Alone 1310 (32.5)

Comorbidity Count 0 2865 (71.1)

1 816 (20.2)

2 241 (6.0)

3 110 (2.7)

Bronchitis 116 (2.9)

Emphysema 111 (2.8)

Bronchiectasis 26 (0.6)

Cardiac Comorbidity** 311 (7.7)

Diabetes 219 (5.4)

Cancer 110 (2.7)

PVD/Hypertension 114 (2.8)

Gastroesophageal Reflux 56 (1.4)

Osteoporosis 84 (2.1)

Obstructive Apnoea 57 (1.4)

Anxiety 78 (1.9)

Depression 130 (3.2)

No Inhalation Medication 1643 (40.7)

Triple Inhalation 343 (8.5)

LAMA + ICS or LABA + ICS 731 (18.1)

LAMA + LABA 62 (1.5)

LAMA or LABA 254 (6.3)

ICS 489 (12.1)

SABA 510 (12.6)

Notes: *According to international Standard Classification of Education (ISCED), **cardiac 
comorbidity (ischemic heart disease, atrial fibrillation/flutter, and heart failure). 
Abbreviations: PVD, peripheral vascular disease; ICS, inhaled corticosteroids; LAMA, long-acting 
muscarinic antagonist; LABA, long-acting beta2 agonist; SABA, short-acting beta2 agonist.
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Disability Retirement
The cumulative incidence of disability retirement is displayed in Figure 2. During the 3-year follow-up, 17.2% (693/ 
4032) of patients experienced disability retirement from the workforce. In addition, 4.7% (190/4032) died during the 
follow-up without receiving disability retirement prior to the time of death. Among those that were granted disability 
retirement 29.1% (202/693) did not return to work between their admission and disability retirement benefit.

Cox regression analysis of disability retirement is shown in Figure 3. Significant higher hazard ratios were observed 
with higher age, higher number of comorbidities, emphysema, depression, cardiac comorbidity, and more advanced 
inhalation medication treatment step. A somewhat dose response of number of comorbidity and inhalation medication 
treatment step is observed. Significantly lower hazard ratios are observed with lower age, and longer educational level 
with an indication of a lower hazard the longer the education.

The competing risk analysis of mortality is shown in Figure 4. Significant higher hazard ratios were observed with 
male sex, higher age, living alone, more comorbidity, emphysema, and cancer.

Discussion
In this nationwide study of 4032 first-time AECOPD 30-day survivors, between year 1999 and year 2017 in Denmark, 
disability retirement was seen for 17.2% with 4.7% dying without disability retirement during the three-year follow-up 
period. Increased risk of disability retirement was seen in patients with higher age, more comorbidities, living alone, 
more advanced treatment and shorter educational level.

Only 12% of the patients admitted with AECOPD between 1999 and 2017 were between 35 and 59 years old. The 
demographic distribution of the patients’ first time admission were relatively comparable to that seen in the study by 
Balcell et al who found a mean first admission age of 67.5 SD (8.5) which corresponds to 15.8% below 59 years of age.21 

The differences seen may be explained by different inclusion/exclusion criteria between the studies.
It is noteworthy that 70% of the patients were outside the workforce at first AECOPD admission, similar to what was 

found by Fletcher et al.2 Other studies have found that 47–60%, of COPD patients are outside the workforce.1,3 We must 
suspect that the admitted patients are amongst the more vulnerable part of the population. It indicates that interventions 
targeting workforce connection in COPD patients should be implemented earlier than at the time of first admission with 
AECOPD.
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Figure 2 Cumulative incidence of disability retirement.
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More than one-fourth of the patients experiencing disability retirement during the three-year follow-up did not return 
to work after AECOPD. This may indicate that the event of first admission with AECOPD initiates some patients’ way 
towards disability retirement even though the cumulative incidence does not indicate a steep rise following first 
admission. An explanation of why the cumulative incidence does not increase steeply following AECOPD is most 
likely that the process of being awarded disability retirement is long, and includes testing of working abilities, in the 
Danish social system. However, the steady increase may also indicate that the event is of less importance than the chronic 
development in disease severity. As such, the main driver of the detachment still needs further exploration.

Not surprisingly, the HR of disability retirement was higher at higher age, as is seen with other medical 
conditions.22,23 Disability retirements correlation with age may be explained by increasing ages association with 
a higher likelihood of physical impairment.24

Higher educational level was associated with a favorable workforce connection. This supports the existing knowledge 
on the negative effect of short education levels on exacerbation rate and mortality in Denmark.25 The negative 

Sex

Age Group

Educational Level (ref. short)

Living alone

Comorbidity Count

Bronchitis*

Emphysema*

Bronchiectasis*

Cardiac Comorbidity*

Diabetes*

Cancer*

Peripheral vascular disease/Hypertension*

Anxiety*

Depression*

Gastro esophegal reflux*

Osteoporosis*

Apnea*

No inhalation medication

Triple therapy

LAMA + ICS or LABA + ICS

LAMA + LABA

LAMA or LABA

ICS

SABA

Male

35−45

46−50

51−55

56−59

Medium

Short higher

Long higher

1

2

3

1,881 (46.7)

510 (12.6)

643 (15.9)

1,336 (33.1)

1,543 (38.3)

1,893 (46.9)

450 (11.2)

106 (2.6)

1,310 (32.5)

816 (20.2)

241 (6.0)

110 (2.7)

116 (2.9)

111 (2.8)

26 (0.6)

311 (7.7)

219 (5.4)

110 (2.7)

114 (2.8)

78 (1.9)

130 (3.2)

56 (1.4)

84 (2.1)

57 (1.4)

1,643 (40.7)

343 (8.5)

731 (18.1)

62 (1.5)

254 (6.3)

489 (12.1)

510 (12.6)

0.98 (0.84−1.14)

0.64 (0.44−0.93)

1.00 (1.00−1.00)

1.43 (1.12−1.82)

1.37 (1.08−1.74)

0.78 (0.66−0.91)

0.63 (0.48−0.82)

0.27 (0.12−0.60)

1.33 (1.14−1.56)

1.35 (1.13−1.62)

1.56 (1.18−2.07)

1.77 (1.20−2.60)

1.66 (1.18−2.33)

2.00 (1.44−2.79)

0.83 (0.34−2.02)

1.38 (1.07−1.78)

0.75 (0.52−1.10)

1.13 (0.73−1.73)

1.10 (0.71−1.70)

1.39 (0.87−2.20)

1.60 (1.12−2.28)

1.41 (0.79−2.50)

1.32 (0.88−1.96)

1.02 (0.54−1.92)

1.00 (1.00−1.00)

2.76 (2.20−3.47)

1.83 (1.49−2.24)

1.54 (0.90−2.65)

0.85 (0.58−1.23)

1.49 (1.17−1.90)

0.78 (0.58−1.06)

Variable Units N HR(95% CI)
0.7762

0.0191

1.0000

0.0039

0.0103

0.0016

<0.001

0.0013

<0.001

<0.001

0.0017

0.0039

0.0039

<0.001

0.6756

0.0132

0.1431

0.5839

0.6680

0.1638

0.0095

0.2429

0.1752

0.9494

1.0000

<0.001

<0.001

0.1180

0.3828

0.0014

0.1111

P−values

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Figure 3 Cox regression model of disability retirement from the workforce. *Comorbidities and Comorbidity count was not included in the model at the same time. HR for 
other covariates is reported with comorbidity count in model. 
Abbreviations: HR, hazard ratio; CI, confidence interval; cardiac comorbidity (ischemic heart disease, atrial fibrillation/flutter, and heart failure); ICS, inhaled corticoster
oids; LAMA, long-acting muscarinic antagonist; LABA, long-acting beta2 agonist; SABA, short-acting beta2 agonist.
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association between short educational level and workforce attachment may be difficulties carrying out manual labour, 
which is more prevalent in people with shorter education.26 Data on what type of work (manual vs desk work) 
individuals were employed in, were unfortunately not available. In addition, patients with shorter educational level 
often have low ability to cope with stress, especially in those with chronic somatic diseases.27 Earlier interventions 
towards shorter educated groups are therefore necessary to maintain their workforce connection.

Emphysema’s association with poor outcome may be a proxy of more severe disease. It may also be that this phenotype of 
COPD patients has a poorer workforce connection. Depression was also associated with increased disability retirement, but 
surprisingly, anxiety, well known to have negative impact on COPD patients’ health-related quality of life and mortality, was 
not negatively associated with disability retirement.28,29 Both the Psychiatric Registry and the Prescription Database only 
contained a low number of patients with anxiety and depression. This may therefore be very under-diagnosed in the Danish 
population, as seen in other studies.30 Anxiety may therefore still be a cause of workforce detachment in COPD and a pro- 
active approach in diagnostics and treatment has previously been suggested beneficial.31

Sex

Age Group

Educational Level (ref. short)

Living alone

Comorbidity Count

Bronchitis*

Emphysema*

Bronchiectasis*

Cardiac Comorbidity*

Diabetes*

Cancer*

Peripheral vascular disease/Hypertension*

Anxiety*

Depression*

Gastro esophegal reflux*

Osteoporosis*

Apnea*

No inhalation medication

Triple therapy

LAMA + ICS or LABA + ICS

LAMA + LABA

LAMA or LABA

ICS

SABA

Male

35−45

46−50

51−55

56−59

Medium

Short higher

Long higher

1

2

3

1,881 (46.7)

510 (12.6)

643 (15.9)

1,336 (33.1)

1,543 (38.3)

1,893 (46.9)

450 (11.2)

106 (2.6)

1,310 (32.5)

816 (20.2)

241 (6.0)

110 (2.7)

116 (2.9)

111 (2.8)

26 (0.6)

311 (7.7)

219 (5.4)

110 (2.7)

114 (2.8)

78 (1.9)

130 (3.2)

56 (1.4)

84 (2.1)

57 (1.4)

1,643 (40.7)

343 (8.5)

731 (18.1)

62 (1.5)

254 (6.3)

489 (12.1)

510 (12.6)

1.34 (1.00−1.80)

0.56 (0.26−1.24)

1.00 (1.00−1.00)

1.47 (0.88−2.44)

2.04 (1.26−3.32)

0.92 (0.68−1.24)

0.89 (0.54−1.45)

0.55 (0.17−1.73)

2.06 (1.55−2.74)

1.52 (1.08−2.14)

2.05 (1.27−3.31)

2.80 (1.56−5.04)

0.75 (0.33−1.73)

2.65 (1.38−5.12)

0.00 (0.00−Inf)

1.60 (1.03−2.50)

1.40 (0.82−2.38)

3.26 (1.93−5.49)

1.49 (0.77−2.87)

0.65 (0.20−2.07)

1.55 (0.78−3.08)

0.89 (0.22−3.59)

1.03 (0.41−2.58)

1.07 (0.39−2.95)

1.00 (1.00−1.00)

0.94 (0.57−1.57)

0.85 (0.57−1.28)

1.23 (0.50−3.04)

0.73 (0.40−1.33)

0.68 (0.40−1.14)

0.46 (0.26−0.82)

Variable Units N HR(95% CI)
0.0487

0.1524

1.0000

0.1370

0.0037
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<0.001

0.0161

0.0034

<0.001
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0.0036

0.9928

0.0364
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<0.001
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1.0000
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0.4418
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0.0085

P−values

0 2 4 6 8

Figure 4 Competing risk hazard ratios of death from Cox regression model of disability retirement. *Comorbidities and comorbidity count was not included in the model at 
the same time. HR for other covariates is reported with comorbidity count in model. 
Abbreviations: HR, hazard ratio; CI, confidence interval; cardiac comorbidity (ischemic heart disease, atrial fibrillation/flutter, and heart failure), ICS, inhaled corticoster
oids; LAMA, long-acting muscarinic antagonist; LABA, long-acting beta2 agonist; SABA, short-acting beta2 agonist.
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Cardiac comorbidity’s association with an increased hazard of disability retirement is supported by the existing 
literature on cardiac diseases effect on disability retirement.32 Somewhat surprisingly, cancer is not significantly 
associated with disability retirement. This may be due to the age of the patients included in this analysis, as the 
prevalence of cancer increases with age, also in COPD patients.33 However, in the competing risk of death analysis it 
is also seen that cancer is associated with an increased mortality, which may explain the limited impact of cancer in 
COPD patients on disability retirement.

The significant competing risk of death estimates are as expected. Male sex and higher age are generally associated 
with mortality.34 More comorbidities and the specific comorbidities of cancer and cardiac comorbidity is also not 
surprisingly associated with increased mortality as they are well-known causes of death also in younger individuals.35,36

Inhaler therapy was associated with increased HR for workforce detachment. Inhaled medication use is most likely 
a proxy of disease severity and not an actual negative effect of the medicine on workforce attachment. During the 
observational period several different recommendations for treatment of COPD with inhaled medicine have existed.17,37–40 

However, frequent AECOPD has always been an indication for ICS. It is therefore not surprising that it carries the strongest 
indication for workforce detachment, as AECOPDs in themselves are associated with morbidity and reduced health-related 
quality of life.41 Common to all treatment recommendations have been that the lower the lung function and the more 
symptomatic the patient is, the more inhaled therapies were added to the treatment. These effects are seen in the treatment 
combinations with ICS having the highest HR. The study furthermore identifies a need for better adherence and earlier 
initiation of treatment, with 41% of individual off treatment at first admission to the hospital. This frequency is high, however 
not improbable. Previous studies found 5% of the patients non-adherent to medication, 32% with poor adherence and 36% of 
the COPD patients admitted for the first time due to an acute exacerbation receive their diagnosis at admission.21,25

Strengths and Limitations
The study uses Nationwide Danish registries including patients over an 18-year period. This makes the study compre
hensive in exploring disability retirement during a 3-year follow-up period and would be difficult to perform in 
a prospective study setting with the same number of patients included. The epidemiologic registry design leaves some 
desirable variables missing, eg, smoking, spirometry, home oxygen usage, non-invasive ventilation usage, dyspnea score, 
six-minute walk distance, and labour type.

The study only looked at AECOPD admissions and is therefore compiled of the most severe exacerbations. This 
makes the study less suitable to evaluate the magnitude of COPD patients outside the workforce in general.

The choice of excluding all patients with a previous diagnosis of asthma may have excluded some patients with COPD. 
As such, to secure that only COPD patients were included we may have reduced the size of our cohort. A proportion of 
patients in this study had received ICS-treatment only. Misclassification of asthmatic patients is of course also a possible 
explanation; however, these patients were primarily included before 2006, see Figure S1. The number of different types of 
inhaled medicine for COPD patients were limited before this and mono-therapy with ICS was still considered a possible 
treatment option.42 As the validity of the diagnosis used in the study is high16 and patients with a previous asthma diagnosis 
were excluded it is less likely that misclassification is the major driver of this observation.

SSRI was used to categorize patients as having depression in the current study, but we acknowledge the possibility of 
it being used for anxiety. Furthermore, benzodiazepines were used to characterize anxiety patients; however, in some, 
these may be used to treat insomnia. The total number of patients with anxiety and depression is still low, with prevalence 
estimates of 10–42% for depression and 10–19% for anxiety in the general COPD population, indicating a large 
undertreatment of mental comorbidities.43

The interpretation of the associations seen in the Cox regression models with comorbidity is limited by the quality of 
the National Patient Registry. Comorbidity such as cancer recording is likely complete due to the diagnosis primarily 
being established in a hospital setting. Comorbidity such as emphysema may be underreported since the emphysema 
mush have been severe enough to warrant the diagnosis established in a hospital setting. This ensures diagnosis relevance 
but may cause some under-recording.
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In conclusion, disability retirement from the workforce occurred in 17% of the patients. Detachment happens steadily 
over time with increased hazard ratio in patients with higher age, comorbidities, more advanced inhalation medication 
treatment step, shorter educational level and in those living alone.
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