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Introduction: The understanding of whether and to what extent employment status affects
readmission and mortality is limited in patients with COPD.

Aim: To explore how employment status affects readmission and mortality after first
admission to the hospital with acute exacerbation of COPD (AECOPD).

Methods: This study used Danish national registry-based data. All patients admitted for the
first time to the hospital between 1999 and 2014 with a diagnosis of AECOPD, age 35-59,
without a previous asthma diagnosis were included in the study. Employment status effect on
30-, 90-, and 365-day readmission and mortality was examined using logistic regression,
adjusting for relevant confounders.

Results: A total of 11,850 COPD patients were included in the study of which 3563 (30%)
were working, 1368 (12%) unemployed, 840 (7%) on sick leave, and 6079 (51%) receiving
early retirement. Patients receiving early retirement had, compared to patients working, an
adjusted increased likelihood of readmission at 30, 90, and 365 days (odds ratio (OR) 1.26
(CI”” (1.06-1.49)), 1.33 (CI”°* (1.16-1.53)), and 1.48 (CI”°” (1.33-1.66)), respectively).
An increased likelihood was also seen in unemployed at 365 days follow-up (OR 1.44 (CI°>”
(1.22-1.68))). Early retirement was associated with an increased mortality at 30, 90, and 365
days (OR 1.39 (CI”*” (1.07-1.80)) 1.37 (CI°*”* (1.09-1.79)) and 1.48 (CI>*” (1.25-1.75)),
respectively). An increased likelihood was also seen in patients receiving sick leave (OR
1.57 (CI”* (1.21-2.04))).

Conclusion: Patients with COPD who are not working at the time of first admission have
a higher likelihood of readmission and mortality.

Keywords: chronic obstructive pulmonary disease, employment, mortality, readmission

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death.'
Mortality is often seen in relation to acute exacerbations of COPD (AECOPD),” not
least severe AECOPD,? ie, AECOPD leading to hospitalization. Mortality rates follow-
ing AECOPD vary from 3.6% in short-term mortality to 31% in two-year mortality”
and the risk of mortality increases with readmission after AECOPD.’ Readmission
rates after hospitalization for AECOPD within 30 days range from 8.8 to 26.0% and for
90-day readmissions from 17.5 to 39.0%.° Higher readmission rates are seen in patients
with comorbidities, male sex, previous admissions and exacerbations and longer
hospital admission.® Increased mortality is seen in patients with sedentary lifestyle,
suggesting that an active lifestyle is important for patients.”®

Patients with COPD are often outside the workforce and experience activity
limitations as a consequence of COPD.”"'! Studies have explored the effects of
retirement on physical activity with ambiguous findings of increased leisure activity
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but also more sedentary behavior.'> For patients with
COPD outside the workforce, lower exercise capacity
and daily physical activity have been found compared to
patients with COPD who are working, as explored in
a study performed on a Dutch population (submitted by
Peter et al).

Disability pension, as reported by Tettenborg et al,
comes with an increased risk of exacerbation, admission,
and death in COPD-patients ."*
explored in the same study, but this was not associated

Unemployment was

with an increased risk of admission and death; interest-
ingly, it even seemed to be beneficial in terms of reducing
AECOPD. The study did, however, not focus specifically
on patients of working age (ie, 18—65 years of age), nor
was connection to the workforce the main target of this
study. As such, our knowledge of the effects of employ-
ment status on readmission and mortality after severe
AECOPD is sparse. By exploring this we may be able to
identify a potentially vulnerable subgroup within the
COPD-population, where early intervention could change
the clinical outcomes.

The aim of the study was therefore to explore how
employment status is associated with short- (30 days),
medium- (90 days) and long- (365 days) term readmission
and mortality following severe AECOPD in patients with
COPD within working age. We hypothesized a priori that
patients working have lower readmission and mortality
risk than patients without work, also after correction for
confounding variables.

Method
Study Setting

All Danish citizens have access to free health care and
public support in the form of unemployment benefit, sick
leave benefit (available after 3 weeks of sick leave), and
early retirement benefit (available for people with signifi-
cant impaired workability). Through the Danish civil per-
sonal registration number (CPR), unique to all citizens,
connection between different national registers is possible.

Data Sources

This study uses nationwide registry data: The National
Patient Registry (LPR) and the National Psychiatric
Registry to identify patients and patients’ comorbidities
through International Statistical Classification of Diseases
and Related Health Problems, version 10 (ICD-10) diag-
nosis codes, related to hospital admissions and visits; the

National Labor Market Database (DREAM) to identify
patients receiving public financial support; the National
Prescription Registry for medication use; the Danish
Cause of Death registry to identify date of death from
and the Statistics of Denmark Registry to identify patients’
age, sex and education level.

Retrospective registry studies do not require ethical
approval in Denmark. The data responsible institute (The
Capital Region of Denmark) approved access to data for
the purpose of this project (project id: P2019-402).

Study Population

Patients between 35 and 59 years were included in their first
ever admission to the hospital with AECOPD between 1999
and 2014 with a primary diagnosis of COPD (DJ44) or
a primary diagnosis of respiratory failure (DJ96) or pneumonia
(DJ18) and a secondary diagnosis of COPD.'* Patients
admitted with the above-mentioned criteria prior to 1999
were not included. These criteria have been validated as
hospital admission of AECOPD in the Danish registry with
a positive predictive value of 92%.'* Admissions with
AECOPD were defined as patients admitted to a department
where 24-hour surveillance of patients is possible. The age
range was chosen because early voluntary retirement was
available from the age of 60 during this time period which
for the purpose of statistical analysis would make patients
incomparable. Patients with asthmatic bronchitis or
a previous diagnosis of asthma (DJ45) were excluded.
Patients with incomplete data on cohabitation status and edu-

cation level were also excluded.

Outcome and Covariate Definitions

Time from first admission to readmission with AECOPD
as defined above, as well as time till death, was calculated.
From this, 30, 90, and 365 days readmission and mortality
were calculated. Employment status was categorized as
either i) working, ii) unemployment benefit, iii) sick
leave or iv) early retirement. Working included patients
not receiving benefit (self-support), together with patients
on certain public support characterized as work due to
their time limited nature and an expectancy of work after
support ends (eg, education benefit, maternity leave bene-
fit). Self-support has a 98.2% predictive value in the
DREAM registry.'® Sick leave was defined as sick leave
three out of four weeks prior to admission, indicating
longer sick leave periods, not necessarily associated with
admission with AECOPD. Sick leave has a sensitivity of
96.7% in the DREAM registry.'® For further description of
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benefits see Table S1. Covariates included were age, sex,
education level (short, medium, long and very long), coha-
bitation status, comorbidities (lung cancer, cancer, stroke,
ischemic heart disease, heart failure, interstitial lung dis-
ease, atrial fibrillation/atrial flutter, chronic renal failure,
diabetes, ulcer, anxiety, depression) and inhalation medi-
cation use (divided into the following exclusive categories:
long acting muscarinic agonist (LAMA) + long acting 2
agonist (LABA) + inhaled corticosteroid (ICS); LAMA
+LABA; LAMA+ICS or LABA + ICS; LAMA; LABA;
ICS; SABA only; no medication). Medication use was
recorded for prescriptions redeemed 6 months prior to
admission. The comorbidities anxiety, depression, and dia-
betes were located using both the prescription registry and
LPR table, while the remaining comorbidities only were
recorded from LPR (see Supplementary Material Table

S2). Diagnosis more than 5 years prior to admission was
excluded to increase the relevance of comorbidities

recorded.

Statistical Analysis

Data were, for continuous variables, reported using mean
(standard deviation), when normally distributed, and as
median (25 and 75 percentiles) when not normally distrib-
uted. Categorical variables are reported using count and
percentages.

Cumulative incidence curves of readmission and mor-
tality until one year after admission were depicted.

Logistic regression was used to examine 30-, 90-, and
365-day readmission and mortality including above-
mentioned covariates reporting odds ratios of employment
status. Complete follow-up was available for both read-
mission and mortality with less than 4 patients had emi-
grated at one-year follow-up making censoring in the
mortality analysis minimal. Patients dying during follow-
up before readmission with AECOPD are presented in the
results section, and the results regarding readmission must
be interpreted with this in mind. Continuous variables
were plotted for each value and their corresponding logit
to assess the linearity assumption in logistic regression. As
age data did not show a linear tendency across different
ages, age was grouped into intervals (age groups: 35-45,
46-50, 51-55, and 5659 years).

Data management and analyses were performed using
SAS version 9.4 (“SAS Institute Inc., Cary, NC, USA”)
and R (version 4.0.3). A two-tailed p-value of 0.05 was
considered significant.

Results

Out of 111,165 patients admitted for the first time with
AECOPD, 12,377 patients were between 35 and 59 years
old and had no previous asthma diagnosis. Of these 12,377
patients, 527 had missing data on education or cohabita-
tion status and were excluded, leaving 11,850 patients
available for analyses (see Figure 1).

Of all patients included, 30% (3,563/11,850) were sup-
porting themselves and classified as working, 12% (1,368/
11,850) were receiving unemployment benefit, 7% (840/
11,850) were receiving sick leave benefit, and 51% (6,079/
11,850) were receiving early retirement benefit. Patient
characteristics in subgroups of employment status are
shown in Table 1. Patients employed had higher education
level, were not living alone, had fewer comorbidities and
less not receiving medication use compared some or all the
other subgroups. Higher rates of comorbidities are seen in
patients receiving sick leave or early retirement benefit
(eg, cancer, heart failure, ischemic heart disease, stroke)
compared to patients working or unemployed (see
Table 1).

Patientes first
time admission with
AECOPD to the
hospital between 1999-
2014, N=111,165

Patients age below 35 or
above 59 diagnosis
N=95,713

COPD patients
age between 35-
59 N=15,452

Patients with previous
asthma (DJ45) diagnosis
N=3075

h 4

Patients between 35-
59 years without an
asthma diagnosis
N=12,377

Missing data on education
and cohabition status N=527

Y

COPD patients with
complete data
N=11850

Figure | Inclusion of AECOPD patients. Red boxes show excluded patients.
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Table | Demographics of Patients at First Admission with AECOPD

Variable Level Working Unemployed Sick Leave Early Retirement
(n=3563) (n=1368) (n=840) (n=6079)
Sex Male 1651 (46.3) 720 (52.6) 421 (50.1) 2775 (45.6)
Age Median (IQR) 54 [50, 57] 52 [47, 56] 54 [50, 57] 55 [51, 57]
Age group 35-45 446 (12.5) 282 (20.6) 90 (10.7) 455 (7.5)
46-50 566 (15.9) 268 (19.6) 132 (15.7) 931 (15.3)
51-55 1168 (32.8) 411 (30.0) 303 (36.1) 1927 (31.7)
56-59 1383 (38.8) 407 (29.8) 315 (37.5) 2766 (45.5)
Educational level Short 1,455 (40.8) 756 (55.3) 358 (42.6) 3,898 (64.1)
Medium 1633 (45.8) 499 (36.5) 371 (44.2) 1796 (29.5)
Long/Very long 475 (13.3) 113 (8.3) I (13.2) 385 (6.3)
Living alone 1170 (32.8) 803 (58.7) 325 (38.7) 3621 (59.6)
Lung cancer 30 (0.8) 13 (1.0) 38 (4.5) 135 (2.2)
Cancer 92 (2.6) 29 (2.1) 59 (7.0 275 (4.5)
Interstitial lung disease 47 (1.3) 15 (1.1) 37 (44) 121 (2.0)
AF/AFL 90 (2.5) 23 (1.7) 53 (6.3) 240 (3.9)
Heart Failure 148 (4.2) 55 (4.0) 70 (8.3) 553 (9.1)
Ischaemic heart disease 238 (6.7) 106 (7.7) 101 (12.0) 718 (11.8)
Stroke 70 (2.0) 38 (2.8) 48 (5.7) 415 (6.8)
Ulcer 74 (2.1) 48 (3.5) 23 (2.7) 285 (4.7)
Chronic renal failure 23 (0.6) 13 (1.0) 13 (1.5) 149 (2.5)
Diabetes 216 (6.1) 87 (6.4) 77 (9.2) 779 (12.8)
Anxiety 69 (1.9) 64 (4.7) 46 (5.5) 210 (3.5)
Depression 114 (3.2) 72 (5.3) 96 (11.4) 327 (5.4)
Comorbidity count 0 2,337 (65.6) 803 (58.7) 333 (39.6) 2,473 (40.7)
| 820 (23.0) 351 (25.7) 264 (31.4) 1786 (29.4)
2 268 (7.5) 147 (10.7) 140 (16.7) 1004 (16.5)
3+ 138 (3.9) 67 (4.9) 103 (12.3) 816 (13.4)
Inhalation medication No treatment 1,180 (33.1) 576 (42.1) 274 (32.6) 1,883 (31.0)
Triple Therapy 334 (94) 108 (7.9) 139 (16.5) 919 (15.1)
LAMA + ICS or LABA + ICS | 707 (19.8) 216 (15.8) 153 (18.2) 1224 (20.1)
LAMA + LABA 21 (0.6) 17 (1.2) 14 (1.7) 74 (1.2)
LAMA or LABA 240 (6.7) 83 (6.1) 59 (7.0) 413 (6.8)
ICS only 471 (13.2) 136 (9.9) 78 (9.3) 683 (11.2)
SABA only 610 (17.1) 232 (17.0) 123 (14.6) 883 (14.5)
Died at day of admission 27 (0.8) 21 (1.5) 12 (1.4) 130 (2.1)

Notes: (%) [25 and 75 percentile]. Long and very long education level are displayed as one group to avoid low numbers in columns in accordance with Danish law.

Abbreviations: AF atrial fibrillation; AFL, atrial Flutter; LAMA, long acting muscarinic antagonist; LABA, long acting beta2 agonist; ICS, inhaled corticosteroids; SABA, short acting

beta? agonist.

At first admission 33%
redeemed a prescription for obstructive airway medication
6 months prior. In this group, 58% (2279/3913) had not

(3913/11,850) had not

before redeemed a prescription for obstructive airway
medication when not restricting to 6 months accounting
for 19% (2279/11,850) in the entire study.
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During the 30, 90, and 365-days follow-up 8% (946/
11,850), 12% (1478/11,850), and 23% (2,676/11,850) of
the patients were readmitted, respectively. Mortality rates
during the 30, 90, and 365-days follow-up were 4% (454/
11,850), 5% (647/11,850), and 10% (1,222/11,850),
respectively. Of the 1,222 that died during follow-up,
865 died before getting readmitted with AECOPD.

The cumulative incidence of readmission with
AECOPD and mortality in the different workforce strata
are shown in Figures 2 and 3. The lowest rate of read-
mission is seen in patients working, with similar higher
rates in patients receiving sick leave or unemployment
benefit and with the highest rates seen in patients receiving
early retirement. The lowest rate of mortality is seen in
patients working with slightly higher rates of unemploy-
ment and the highest rates in patients receiving sick leave
or early retirement benefit.

The results of the logistic regression analysis regarding
employment status are shown in Figure 4 with the full
models shown in Figures S1-S6. Significantly higher like-
lihoods for readmission were seen at 30-, 90-, and 365-day
follow-up in patients receiving early retirement and also at
365-day follow-up for patients receiving unemployment
benefit compared to patients working adjusting for rele-
vant confounders.
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Figure 2 Cumulative incidence curves for readmission. At risk table display COPD
patients who has not been readmitted or died.
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Figure 3 Cumulative incidence curves for mortality. At risk table display COPD
patients who has not died.

Significantly higher likelihoods for mortality were seen
at 30-, 90-, and 365-day follow-up in patients receiving
early retirement and also at 365-day follow-up for patients
receiving sick leaves compared to patients working adjust-
ing for relevant confounders.

Discussion

This nationwide study of AECOPD patients from
Denmark, between year 1999-2014, found a higher like-
lihood of readmission and mortality primarily in patients
receiving early retirement benefit at day 30, 90 and 365
after admission due to AECOPD. Patients receiving unem-
ployment benefit had a higher risk of readmission at 365-
day follow-up, and patients receiving sick leave benefit
had a higher mortality at 365-day follow-up.

This study contributes to a better understanding of the
impact of patients’ employment status at first admission
on patients’ outcomes with regard to readmission and
mortality. An increased risk of admission and mortality
in patients receiving disability pension (characterized as
early retirement in this study) has previously been
described by Tettenborg et al.'> Our study supports these
findings in patients receiving early retirement benefit in
a large population where patients at inclusion are too
young to receive early voluntary retirement and regular
pension. A one-year mortality rate of 11% was seen in the
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Variable Days N Events OR(95% CI) P-values
Readmission
30 3,563 (30.1) 244 (25.8) 1.00 (1.00-1.00) ° 1.0000
Working 90 368 (24.9) 1.00 (1.00-1.00) 1.0000
365 618 (23.1) 1.00 (1.00-1.00) ° 1.0000
30 1,368 (11.5) 99 (10.5) 1.07 (0.84-1.37) —— 0.5779
Unemployed 90 155 (10.5) 1.14 (0.93-1.40) 0.2050
365 305 (11.4) 1.44 (1.22-1.68) —— <0.001
30 840 (7.1) 74 (7.8) 1.31 (0.99-1.73) . —— 0.0544
Sick leave 90 106 (7.2) 1.20 (0.95-1.52) 0.1293
365 178 (6.7) 1.18 (0.98-1.44) —— 0.0863
30 6,079 (51.3) 529 (55.9) 1.26 (1.06-1.49) —— 0.0078
Early retirement 90 849 (57.4) 1.33 (1.16-1.53) <0.001
365 1575 (58.9) 1.48 (1.33-1.66) —— <0.001
Mortallity
30 3,563 (30.1) 85 (18.7) 1.00 (1.00-1.00) ° 1.0000
Working 90 123 (19.0) 1.00 (1.00-1.00) 1.0000
365 223 (18.2) 1.00 (1.00-1.00) ° 1.0000
30 1,368 (11.5) 44 (9.7) 1.16 (0.79-1.69) 0.4577
Unemployed 90 55 (8.5) 1.00 (0.71-1.40) 0.9870
365 107 (8.8) 1.12 (0.87-1.44) —_— 0.3661
30 840 (7.1) 36 (7.9) 1.17 (0.77-1.77) 0.4632
Sick leave 90 56 (8.7) 1.29 (0.91-1.82) 0.1487
365 112 (9.2) 1.57 (1.21-2.04) <0.001
30 6,079 (51.3) 289 (63.7) 1.39 (1.07-1.80) _— 0.0144
Early retirement 90 413 (63.8) 1.37 (1.09-1.70) 0.0059
365 780 (63.8) 1.48 (1.25-1.75) —— <0.001
I T 1
1.0 1.5 2.0

Figure 4 Multivariable logistic regression of 30-, 90- and 365-days’ readmission and mortality following first admission with AECOPD. 30-, 90- and 365-days mortality is
indicated by red, yellow and green respectively. Output in figure is adjusted for age, sex, education, cohabitation status, lung cancer; other cancer, pulmonary fibrosis, atrial
fibrillation/atrial flutter, heart failure, ischemic heart disease, cerebrovascular disease, gastric ulcer, chronic kidney failure, diabetes, anxiety, depression and inhalation

medication combination.

Tottenborg et al study which included all age groups.
A relatively high short-term mortality is seen at first
admission in our much younger group of 4-5% at 30-90-
day mortality and 10% within one year. Unemployment
was associated with an increased risk of readmission,
inconsistent with the finding of the previously mentioned
work by Tettenborg et al. Furthermore, a tendency
towards increased likelihood of admission is seen in
patients receiving sick leave at first admission. This dis-
tinction was not explored in the study by Tettenborg et al
which may also explain the differences seen since these
patients are likely to have been classified as working. The
increased likelihood of mortality after one year in these
patients underlines that patients at first admission are
a group of concern. It may be that differences in risk of
readmission seen in the study are related to our study
including patients at first admission instead of at contact
with an outpatient clinic. This timepoint may include more
vulnerable patients together with a higher short-term risk
of readmission and mortality, making our study population
more vulnerable even though we only include younger

patients. First admission is therefore not only a major life-
event but also a time point of interest in order to improve
patients’ outcomes, and assessment of workforce connec-
tion may help identify the more vulnerable patients.

The patients who receive early retirement may have
different reasons for not being able to work. The benefit is
only available to people who have impaired capability to
work. In a population of patients with COPD, it is likely
that some of this impairment comes from the symptoms
such as dyspnea and fatigue related to COPD. Other con-
ditions may, however, contribute as indicated in the dis-
tribution of comorbidities between employment groups.
This raises the question of whether patients leave the
workforce due to COPD or whether patients’ comorbid
conditions play a role in the detachment and increased
mortality. Since the main cause of COPD in Denmark is
tobacco smoking, it is likely that other conditions, such as
cardiovascular diseases and malignancy, which are more
frequent in patients receiving sick leave and early retire-
ment, are contributing to the mortality in the population
and also to the overall burden of morbidity that leads to
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workforce detachment. By adjusting for multiple different
relevant comorbidities, this study still reveals an associa-
tion between employment status and mortality.

COPD patients without paid work have previously been
shown to have lower physical activity and lower exercise
capacity compared to patients with paid work.'” Some of the
negative effects seen in patients receiving sick leave and
early retirement benefit may therefore be related to patient’s
activity level. Lower physical activity and lower exercise
capacity are associated with a higher risk of mortality and

readmission in patients with COPD.*'®?!

Maintaining
employment may be a way to avoid a more sedentary life-
style and ultimately improve patient outcomes. On the other
hand, as mortality in our study is high after AECOPD in this
young cohort, it also calls for an increased focus on patients
in need of advance care planning and palliative care. Being
unable to work may help guide clinicians in recognizing
patients with a poorer prognosis and palliative care needs.
This study shows that more than half of the patients
have already left the workforce at their first AECOPD
admission. An average age of early retirement has pre-
viously been estimated at 54 years, and most patients are
diagnosed COPD after age 40.%* Intervention should there-
fore be considered at the time of diagnosis to avoid work-
and the
readmission and mortality related to this. Another area of

force detachment consequences regarding
concern is in patients who at this relatively young age are
admitted for the first time and on sick leave, unemployed
or reviving early retirement. Intervention such as pulmon-
ary rehabilitation following admission may help these
patients understand the importance of having an active
lifestyle, improving their physical ability, and thereby
improving their readmission rates and mortality.

This study has some limitations. Due to the registry-
based retrospective study design, the causal effects may be
explained in multiple ways as described above. The two
major causal effects being: Does COPD lead to workforce
detachment or does workforce detachment increase the
risk and negative outcomes of COPD? Patients’ reasons
for leaving the workforce were unfortunately not available.
This may have improved understanding the mechanisms
leading to increased readmission rates and mortality.

Clinical measurements were, due to the registry-
based

Information on, eg, lung function, disease severity, qual-

study design, unfortunately not available.
ity of life measurement, physical activity and smoking
status may have improved our logistic regression models

and supported the understanding of how work status

affect readmission and mortality. The closest proxy mea-
surement of disease severity is inhalation medication
treatment step, which in the analysis indicated a higher
likelihood of readmission, with comorbidities not affect-
ing readmission rates with the exception of interstitial
lung diseases. Inhalation medication, however, indicates
slight benefits in the analysis of mortality with multiple
comorbidities having highly significant effects on
patient’s mortality. This could indicate that the majority
of patients that die in this age group suffer from multiple
diseases, which the data also indicate with 50% of the
study population having zero comorbidities and this
group only accounting for 315 of the 1222 who die.
Time of detachment was not explored, and some
patients may have left the workforce before the develop-
ment of COPD. The number is unknown, not least due to
the DREAM database, which is used to classify workforce
connection, only contains data from 1992 onwards. This
knowledge would have helped understand the magnitude
of patients where an intervention might be possible.
One-third of the population did not receive inhaled
medication at first admission. Of those, almost half the
patients had previously redeemed inhaled medication and
it is therefore likely that they are non-adherent to medica-
tion, as many COPD patients are.”> The remainder may of
course be mis-classified, however, previous studies found
higher numbers of patients diagnosed with COPD at first
admission.”**> We therefore believe this cohort to be

representative of a first-time admitted AECOPD-cohort.

Interpretation

This study shows that COPD-patients receiving sick leave,
unemployment and early retirement benefit have an
increased risk of readmission and mortality within
one year. Workforce detachment may be an early indicator
in COPD patients with a poor prognosis; however, a better
understanding of why patients outside the workforce have
a poor prognosis is needed.
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