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Comorbidities and mortality among
patients with chronic obstructive

pulmonary disease

Nils Skajaa

ABSTRACT

Introduction Comorbidities are common in patients

with chronic obstructive pulmonary disease (COPD).
Estimates of prevalence, incidence and prognostic impact
of comorbidities provide foundational knowledge of COPD
epidemiology. We examined the prevalence, incidence and
prognostic impact of 21 comorbidities among patients with
COPD compared with the Danish general population.
Methods We conducted a nationwide, population-based
cohort study based on longitudinal Danish registry data,
covering all Danish hospitals (2010-2021). The cohorts
comprised 142973 patients with a first-time hospital-
based diagnosis of COPD and 428917 age-matched and
sex-matched comparators from the general population.
During follow-up, we estimated the 5-year risk and risk
difference, using competing risk methods when applicable.
Results At time of diagnosis, the comorbidities with the
highest prevalence were mood, stress-related or anxiety
disorders (25.2% for patients with COPD vs 13.1% for
comparators), osteoporosis/hip fractures (17.4% vs 9.9%),
diabetes (15.6% vs 10.5%), peripheral arterial disease
(13.5% vs 4.9%) and heart failure (13.3% vs 4.0%). During
follow-up, the risk of most incident comorbidities was
markedly elevated among patients with COPD. The five
comorbidities associated with the highest 5-year absolute
risk difference with respect to the risk in the general
population were mood, stress-related or anxiety disorders
(5.7%), osteoporosis/hip fractures (5.6%), heart failure
(4.2%), smoking-related cancers (2.8%) and peripheral
arterial disease (2.7%). The 5-year mortality risk was 43%
vs 17.7%. Among patients with COPD, the 5-year mortality
risk markedly increased with the number of comorbidities
present.

Conclusions Our population-based findings underscore
the importance of considering comorbidities in the
management of COPD.

INTRODUCTION
Chronic  obstructive pulmonary disease
(COPD), a major global health burden and
a leading cause of death,' is a heterogeneous
lung condition characterised by chronic
respiratory symptoms due to abnormalities
of the airways and/or alveoli, thereby often
resulting in progressive airflow obstruction.?”
Patients with COPD often suffer from other
chronic diseases (ie, comorbidities),*™ which
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Comorbidity is common in patients with chronic
obstructive pulmonary disease (COPD), but existing
studies assessing the occurrence and prognostic
impact of comorbidity in patients with COPD were
not population based, lacked longitudinal follow-up,
relied on self-reported data and focused on a narrow
spectrum of comorbidities.

WHAT THIS STUDY ADDS

= This study found that mood, stress-related or anxi-
ety disorders, osteoporosis/hip fractures and heart
failure were among the most prevalent and incident
comorbidities, and that the presence and increas-
ing number of comorbidities in patients with COPD
had a strong influence on mortality, with cancer be-
ing the one comorbidity associated with the worst
prognosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study underscores the importance of comorbid-
ities in the management of COPD and emphasises
that COPD is a central disease within the wider issue
of multimorbidity. These findings may provide useful
information for patients, clinicians and policymakers
of effective resource allocation.

may be linked through shared risk factors
(eg, smoking, ageing and environmental
exposures) as well as systemic effects, such as
systemic inflammation, oxidative stress, tissue
hypoxia, impaired functional capacity, skel-
etal muscle wasting and cachexia.” '®*** With
population ageing, the number of patients
with COPD with comorbidities is expected to
rise. Multimorbidity (ie, the coexistence of
two or more chronic conditions®) is a major
challenge in current healthcare systems,?”
and given its substantial global prevalence,
COPD is a key disease in this regard. Comor-
bidity among patients with COPD is a strong
predictor of adverse prognosis, impaired
quality of life and high healthcare utilisation
and costs.> 7% Thus, careful consideration of
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comorbidities is required in treating patients with COPD
in clinical practice.

Understanding the prevalence and incidence of
comorbidities provides foundational knowledge of
COPD epidemiology, and may aid in effective preven-
tion and treatment strategies, healthcare planning
and further research. Existing studies describing
comorbidities in patients with COPD have not been
population based,”®® 1011 121618202125 have Jacked longi-
tudinal follow-up,” ®? '* '* have relied on self-reported
data® ® ' 1° 21 o1 have focused on a narrow spectrum
of comorbidities.” ' ? In addition, some studies have
lacked comparison cohorts, whose inclusion can aid in
the contextualisation of risk estimates.®'* ' 1?20

Here, in a nationwide population-based cohort study,
we examined the prevalence and incidence of a broad
spectrum of comorbidities among patients with COPD
compared with a general population cohort matched on
age, sex and calendar year. We also assessed the impact of
comorbidity on all-cause mortality after COPD.

METHODS
Setting and data sources
Denmark has a state-funded healthcare system that
provides free access to healthcare for all residents.” A
rich infrastructure of nationwide, population-based clin-
ical and administrative registries has been created in the
country.” All residents are assigned a unique personal
identification number that allows unambiguous linkage
across registries at an individual level, as well as complete
long-term follow-up.”® In this study, we used data from
the following sources:

» The Danish Civil Registration System is updated daily
and contains information on date of birth, sex and
vital status for the entire Danish population since
1968.°"

» The Danish National Patient Registry contains infor-
mation on all hospital inpatient admissions since
1977.% Outpatient specialty clinic contacts and emer-
gency department visits were added in 1995. For each
inpatient, outpatient clinic and emergency depart-
ment discharge, one primary diagnosis and optional
secondary diagnoses are recorded according to the
International Classification of Diseases (ICD, 8th
Revision between 1977 and 1993 (ICD-8) and 10th
Revision (ICD-10) thereafter).

» The Danish National Prescription Registry has
recorded all prescriptions filled in community phar-
macies since 1995.% Filled prescriptions are coded
according to the Anatomical Therapeutic Chemical
Classification System.

» The Danish Psychiatric Central Research Registry
contains information on all psychiatric hospital
admissions since 1969, and all psychiatric outpatient
contacts and emergency room visits since 1995.%

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

COPD cohort

We searched the patient registry for inpatient and outpa-
tient clinic diagnoses to identify all people 240 years of
age with a first-time discharge diagnosis of COPD between
1 January 2010 and 31 December 2021. We did not search
for emergency department diagnoses, because these are
working diagnoses with a high proportion of misclassifi-
cation. The positive predictive value of the COPD diag-
nosis in the patient registry has been found to be high
(92%).% Each patient with COPD was assigned an ‘index
date’ corresponding to the discharge date associated with
the COPD diagnosis; that is, patients were required to
survive the length of the COPD hospitalisation for inclu-
sion in the study.

General population comparison cohort

To contextualise the risks with respect to those expected
in the general population, we matched each patient with
COPD with up to five individuals from the Danish general
population according to birth year, sex and calendar year.
Matching was performed with replacement. Comparators
were assigned an index date corresponding to the COPD
discharge date of the matched patient. To be eligible for
matching, comparators were required to have no COPD
diagnosis before their index date, and to be alive and
living in Denmark.”® Comparators who were diagnosed
with COPD during follow-up then contributed risk time
in both cohorts to avoid informative censoring.”

Comorbidities

We considered a broad spectrum of comorbidities, which
were identified from hospital-based discharge diag-
noses recorded in the patient registry and, when appli-
cable, filled prescriptions from the prescription registry.
Comorbidities included cancers (smoking-related
cancers, non-smoking-related cancers (defined in online
supplemental table 1)), circulatory system diseases (acute
myocardial infarction, heart failure, peripheral arterial
disease, stroke and venous thromboembolism), endo-
crine system diseases (diabetes mellitus), gastrointestinal
system diseases (chronic liver disease, ulcer/chronic
gastritis and inflammatory bowel disease), urogenital
system diseases (chronic kidney disease and prostate
disorders), musculoskeletal system diseases (connective
tissue disorders, osteoporosis/hip fractures), neurolog-
ical system diseases (migraine and dementia) and mental
health disorders (mood, stress-related or anxiety disor-
ders, alcohol or substance abuse disorders, bipolar affec-
tive disorders and schizophrenia). In the follow-up anal-
ysis, we also considered all-cause mortality. The Danish
nationwide registries have high data validity,”’ and most
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comorbidities considered in this study have been vali-
dated with positive predictive values ranging from 65% to
100% (online supplemental references). Online supple-
mental table 1 lists all diagnostic codes used in this study
and their positive predictive values.

Statistical analysis

Description of patients with COPD

Using medians and IQR for continuous variables and
proportions for categorical variables, we described
patients and population comparators in terms of the
median age at diagnosis, age group (40-49, 50-59, 60-69,
70-79 and 80 years), calendar period of COPD diagnosis
(2010-2012, 2013-2015, 2016-2018 and 2019-2021), the
prevalence of each pre-existing comorbidity described
above (with application of a look-back period from the
index date to 1994, when ICD-10 was adopted) and the
number of pre-existent comorbidities (0, 1, 2, 3 and >4).

Risk of incident comorbidities after COPD

Follow-up began on the index date and continued for
5 years or until the occurrence of an incident outcome,
death or emigration, whichever occurred first. For each
separate outcome, only patients without a history of that
outcome at the time of the index date were included.
Because the onset and initial diagnosis of inflammatory
bowel disease, migraine, bipolar affective disorders and
schizophrenia occur most often during adolescence or
early adulthood, we did not include these conditions in
the incident risk estimation. We calculated the 5-year
absolute risks and risk differences for each outcome,
comparing patients with COPD with matched compara-
tors, using the Aalen-Johansen estimator, which accounts
for the competing risk of death.” In addition, as a
measure of the relative risk of each outcome associated
with COPD, we used the Fine-Gray regression model
yielding subdistribution HRs (SHRs) and corresponding
95% ClIs. The Aalen-Johansen and Fine-Gray models have
a direct one-to-one correspondence. Given the matched
cohort design, both absolute and relative contrasts were
controlled for differences between patients and compar-
ators regarding the distributions of sex, age and calendar
year. This minimal adjustment strategy aligned with the
descriptive aim of the study.”™ We stratified these analyses
according to sex and age group (40-59, 60-69, 70-79 and
>80 years).

In sensitivity analyses, to account for and assess poten-
tial diagnostic bias, we restricted the study population
(both patients with COPD and matched comparators) to
those with >2 visits to a general practitioner within 1year
before the index date.

Impact of pre-existing comorbidities on all-cause mortality after
COPD

To examine the impact of pre-existing comorbidities on
all-cause mortality, we followed up patients and compar-
ators for 3years from the index date. We computed the

5-year mortality risk overall, and stratified by the number
of pre-existing comorbidities and each individual comor-
bidity with the complement of the Kaplan-Meier esti-
mator. We also computed the HR of death with Cox
proportional hazards regression. The proportionality
assumption of the Cox model was inspected using log-
log plots and deemed satisfied. In the stratified analyses,
we dissolved the matching and adjusted for the matching
factors in the Cox regression.

RESULTS
Description of patients with COPD
We identified 142973 patients with a first-time diagnosis
of COPD during 2010-2021 as well as 428917 matched
comparators from the general population (table 1). The
median age was 72 years (IQR: 63-79 years), and women
composed approximately half (50.3%) of the population.
The prevalence of virtually all assessed comorbidities
was higher in patients with COPD than comparators. The
highest comorbidity prevalence was found for mood,
stress-related and anxiety disorders (25.2% for patients
with COPD vs 13.1% for comparators), osteoporosis/
hip fractures (17.4% vs 9.9%), diabetes mellitus (15.6%
vs 10.5%), peripheral arterial disease (13.5% vs 4.9%)
and heart failure (13.3% vs 4.0%). The prevalence of
smoking-related cancers was 11.1% vs 5.9%. Only 21.4%
of patients with COPD did not have a history of comor-
bidities vs 45.4% among comparators; in contrast, the
prevalence of a history of one, two, three, and four or
more comorbidities was 27.3% vs 28.7%, 22.6% vs 14.7%,
14.5% vs 6.7%, and 14.3% vs 4.5% (table 1).

Risk of incident comorbidities after COPD

The risk of most incident comorbidities was markedly
greater among patients with COPD than general popu-
lation comparators. Figure 1 illustrates the 5-year risk,
risk differences and SHRs for each comorbidity, ranked
according to the highest absolute risk difference. The 10
comorbidities associated with the highest absolute risk
difference with respect to the risk in the general popu-
lation were mood, stress-related and anxiety disorders
(5-year risk: 13.8% vs 8.1%; risk difference: 5.7% (95%
CIL: 5.4%, 5.9%)), osteoporosis/hip fractures (11.5% vs
6.0%; risk difference: 5.6% (95% CI: 5.3%, 5.8%)), heart
failure (7.3% vs 3.2%; risk difference: 4.2% (95% CI:
4.0%, 4.4%)), smokingrelated cancers (6.8% vs 4.0%;
risk difference: 2.8% (95% CI: 2.6%, 3.0%)), periph-
eral arterial disease (5.4% vs 2.6%; risk difference: 2.7%
(95% CI: 2.6%, 2.9%)), diabetes mellitus (5.8% vs 3.8%;
risk difference: 2.0% (95% CI: 1.8%, 2.2%)), chronic
kidney disease (3.2% vs 1.7%; risk difference: 1.5% (95%
CL: 1.3%, 1.6%)), venous thromboembolism (3.1% vs
1.8%; risk difference: 1.4% (95% CI: 1.2%, 1.5%)),
ulcer/chronic gastritis (2.8% vs 1.5%; risk difference:
1.3% (95% CI: 1.2%, 1.5%)), and alcohol or substance
abuse disorders (1.8% vs 0.6%; risk difference: 1.2%
(95% CI: 1.1%, 1.3%)). On the relative scale, alcohol or

Skajaa N, et al. BMJ Open Respir Res 2023;10:e001798. doi:10.1136/bmjresp-2023-001798 3


https://dx.doi.org/10.1136/bmjresp-2023-001798
https://dx.doi.org/10.1136/bmjresp-2023-001798
https://dx.doi.org/10.1136/bmjresp-2023-001798

I

Open access

Table 1 Characteristics of patients with a first-time
diagnosis of chronic obstructive pulmonary disease (COPD),
and age-matched, sex-matched and calendar year-matched
individuals from the general population, Denmark, 2010-
2021

Table 1 Continued

Matched
general
Patients with  population
COPD comparators
Bipolar affective 1603 (1.1%) 2066 (0.5%)

disorders

Schizophrenia 2143 (1.5%) 1745 (0.4%)

Number of comorbidities

Matched
general
Patients with  population
COPD comparators
Overall 142973 428917
Age (years)
Median (IQR) 71 (63-79) 71 (63-79)
40-49 6406 (4.5%) 19184 (4.5%)
50-59 19350 (13.5%) 58047 (13.5%)
60-69 37662 (26.3%) 113151 (26.4%

138309 (32.2%

vV W N = O

30559 (21.4%)
39010 (27.3%)
32263 (22.6%)
20692 (14.5%)
20449 (14.3%)

194583 (45.4%)
122951 (28.7%)
63265 (14.7%)
28693 (6.7%)
19425 (4.5%)

)
( )
70-79 46180 (32.3%)
>80 33375 (23.3%)
71928 (50.3%)

Calendar period of COPD diagnosis

- = | < <

(

(
100226 (23.4%

(

Women 215784 (50.3%

2010-2012 38872 (27.2%) 116616 (27.2%)
2013-2015 38725 (27.1%) 116175 (27.1%)
2016-2018 36051 (25.2%) 108151 (25.2%)
2019-2021 29325 (20.5%) 87975 (20.5%)

Comorbidities (look-back 1994)
Smoking-related cancers 15861 (11.1%) 25304 (5.9%)

Non-smoking-related 13223 (9.2%) 36195 (8.4%)
cancers

Acute myocardial 12938 (9%) 20379 (4.8%)
infarction

Heart failure 19051 (13.3%) 17062 (4%)
Peripheral arterial disease 19263 (13.5%) 21094 (4.9%)
Stroke 18006 (12.6%) 32060 (7.5%)
Venous 8264 (5.8%) 11680 (2.7%)

thromboembolism
Diabetes mellitus 22234 (15.6%) 45226 (10.5%)
3767 (2.6%) 3250 (0.8%)
12029 (8.4%) 164583 (3.8%)

2535 (1.8%) 4826 (1.1%)

Chronic liver disease
Ulcer/chronic gastritis

Inflammatory bowel

disease
Chronic kidney disease 5926 (4.1%)

13526 (9.5%)

6507 (1.5%)

Prostate disorders 35715 (8.3%)

Connective tissue 8569 (6%) 15929 (3.7%)
disorders

Osteoporosis/hip 24947 (17.4%) 42521 (9.9%)
fractures

Migraine 2525 (1.8%) 6577 (1.5%)
Dementia 5089 (3.6%) 13370 (3.1%)

Mood, stress-related or
anxiety disorders

Alcohol or substance
abuse disorders

36024 (25.2%) 56286 (13.1%)

14501 (10.1%) 9482 (2.2%)

Continued

substance abuse disorders (SHR: 3.0 (95% CI: 2.8, 3.1)),
chronic liver disease (SHR: 2.7 (95% CI: 2.6, 2.9)) and
heart failure (SHR: 2.5 (95% CI: 2.5, 2.6)) showed the
strongest associations.

These results were similar for men and women for most
comorbidities (online supplemental figure 1). However,
the b5-year risk of osteoporosis/hip fracture was higher
in women (5-year risk: 15.0%; risk difference: 6.9%
(95% CI: 6.5%, 7.3%)) than in men (5-year risk: 8.1%;
risk difference: 4.2% (95% CI: 4.0%, 4.5%)). The asso-
ciations tended to decrease with increasing age group
(online supplemental figure 2), although this pattern was
most clearly observed on the relative scale.

When restricting the study population to those with
frequent interaction with primary healthcare, in order to
reduce potential diagnostic bias, results remained largely
intact (online supplemental figure 3).

Impact of pre-existing comorbidity on all-cause mortality
after COPD

Overall, we observed 54091 deaths among patients
with COPD and 63032 deaths among individuals from
the general population. The 5-year mortality risk was
43% (95% CI: 42.7%, 43.3%) vs 17.7% (17.6%, 17.8%),
corresponding to a risk difference of 25.3% (95% CI:
25%, 25.6%) and an HR of 4.0 (95% CI: 3.93, 4.03)
(figure 2). Expectedly, the 5-year mortality risk among
patients with COPD increased with the number of
comorbidities present (eg, 21.2% for those without
comorbidities and 69.7% for those with four or more
comorbidities). However, the difference in risk with
respect to that in the general population did not clearly
increase with the number of comorbidities while HRs
declined. In the assessment of individual comorbid-
ities, smoking-related cancers showed the greatest
difference on the absolute scale with respect to the risk
in the general population (risk difference: 17.2% (95%
CI: 15.7%, 18.6%)).
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Comorbidity Events/At risk 5-year risk, % (95% Cl) RD, % (95% CI) SHR (95% Cl)

Mood, stress-related, or anxiety disorders
COPD 12946/106949 13.77 (13.55, 14.00) ~ 5.66 (5.41,5.91) " 1.85(1.81, 1.88)
GP 19189/279730 8.11 (8.00, 8.22)

Osteoporosis/hip fracture
COPD 11718/118026  11.51 (11.31, 11.71) =~ 5.56 (5.34, 5.77) L] 1.98 (1.94, 2.02)
GP 16188/323585 5.96 (5.87, 6.05)

Heart failure
COPD 7926/123922  7.33 (7.17,7.49) - 4.18 (4.01, 4.35) A 2.53 (2.47, 2.59)
GP 9350/357838  3.15 (3.09, 3.22)

Peripheral artery disease
COPD 5717/123710  5.35(5.21, 5.49) m 2.72(2.57,2.87) ™ 2.12(2.06, 2.18)
GP 7810/353529  2.63 (2.57, 2.69)

Smoking-related cancers
COPD 7484/127112  6.76 (6.61,6.91) bl 2.80(2.64,2.97) " 1.80 (1.76, 1.85)
GP 11962/359229 3.96 (3.89, 4.03)

Diabetes mellitus
COPD 6068/120739  5.81 (5.67, 5.96) Gl 1.99 (1.83, 2.15) 2] 1.57 (1.53, 1.61)
GP 10511/324429 3.82 (3.75, 3.90)

Chronic kidney disease

3787/137047  3.19 (3.09, 3.30) " 1.45 (1.34, 1.56) i 1.91 (1.85, 1.98)

GP 5913/405028  1.74 (1.70, 1.79)

Ulcer/chronic gastritis
COPD 3172/130944  2.80 (2.70, 2.90) m 1.34 (1.24, 1.45) ™ 2.00(1.92, 2.07)
GP 4617/377852  1.46 (1.41, 1.50)

Venous thromboembolism
COPD 3628/134709  3.10 (3.01, 3.21) ™ 1.35(1.24, 1.46) - 1.85(1.79, 1.92)
GP 5759/393193  1.75 (1.71, 1.80)

Stroke
COPD 5718/124967  5.33 (5.19, 5.46) ! 0.90 (0.75, 1.06) L] 1.22 (1.19, 1.25)
GP 12861/347805 4.42 (4.35, 4.50)

Alcohol or substance abuse disorders
COPD 2007/128472  1.79 (1.71, 1.87) - 1.16 (1.08, 1.25) sl 2.95(2.81,3.11)
GP 2001/377173  0.63 (0.60, 0.66)

Prostate disorders
COPD 4607/129447  4.12 (4.00, 4.24) m 0.62 (0.49, 0.76) ] 1.09 (1.06, 1.12)
GP 10644/362213 3.50 (3.43, 3.56)

Acute myocardial infarction
COPD 2974/130035  2.65 (2.56, 2.75) " 0.80 (0.69, 0.90) - 1.47 (1.42,1.52)
GP 5767/372144  1.85 (1.81, 1.90)

Chronic liver disease
COPD 1530/139206  1.26 (1.20, 1.32) - 0.78 (0.71, 0.85) =) 2.74 (2.59, 2.90)
GP 1670/414458  0.48 (0.46, 0.50)

Connective tissue disorders
COPD 1788/134404  1.55 (1.48, 1.62) \d 0.18 (0.10, 0.26) " 1.16 (1.11,1.21)
GP 4449/388339  1.37 (1.33, 1.41)

Dementia
COPD 3583/137884  3.03 (2.93, 3.13) m -0.44 (-0.55,-0.32) ~ 0.87 (0.84, 0.90)
GP 11584/401313  3.47 (3.40, 3.53)

Non-smoking-related cancers
COPD 4540/129750  4.05 (3.93, 4.17) hd -1.00 (-1.14,-0.86) - 0.81(0.79, 0.83)
GP 15246/357361 5.05 (4.98, 5.13)

[ N R S
-1 01 2 3 45 6 05 1 2 3 4

Figure 1 Numbers of events, numbers at risk, 5-year absolute risks, risk differences (RDs) and subdistribution HRs (SHRs)
for a spectrum of comorbidities, ranked according to the largest RD, comparing patients with chronic obstructive pulmonary
disease (COPD) with matched individuals from the general population (GP).

DISCUSSION

Our study provides key population-based estimates of the
prevalence, incidence and prognostic impact of comor-
bidities in patients with COPD, as compared with indi-
viduals of similar age and sex from the Danish general

population. First, our study demonstrated a high occur-
rence of comorbidities among patients with COPD.
Mood, stress-related or anxiety disorders and osteopo-
rosis/hip fractures were among the most prevalent and
incident comorbidities. Second, we found that 43% of

Comorbidity
Overall

5-year risk among COPD patients, % (95% CI) RD, % (95% CI) HR (95% CI)

Number of prevalent comorbidities
0
1
2
3
24

Individual comorbidities
Smoking-related cancers
Acute myocardial infarction
Non-smoking-related cancers

Mood, stress-related, or anxiety disorders

Prostate disorders
Ulcer/chronic gastritis
Venous thromboembolism
Dementia

Chronic kidney disease
Diabetes mellitus

Stroke

Heart failure

Peripheral artery disease
Connective tissue disorders

Alcohol or substance abuse disorders

Osteoporosis/hip fracture
Chronic liver disease

43.00 (42.72, 43.29) 0

7.39 (7.27,7.53)
16.45 (16.21, 16.68)
29.09 (28.69, 29.49)
42.75 (42.10, 43.40)
58.12 (57.33, 58.92)

46.98 (46.11, 47.87)
31.63 (30.46, 32.84)
26.80 (26.10, 27.51)
30.39 (29.80, 30.99)
16.31 (15.65, 16.99)
33.56 (32.22, 34.94)
36.77 (35.52, 38.06)
38.59 (37.69, 39.50)
42.07 (40.81, 43.36)
17.40 (16.70, 18.13)
36.50 (35.70, 37.31)
42.96 (42.01, 43.92)
29.18 (28.21, 30.17)
14.32 (13.29, 15.41)
30.11(28.21, 32.10)
25.83 (25.21, 26.46)
46.32 (43.86, 48.85)

LHHHHHM

T 1 T T 1
0 5 10 15 20 25

25.31(25.00, 25.62) o

13.79 (13.28, 14.32)
19.01 (18.44, 19.59)
17.72 (16.99, 18.44)
14.81 (13.82, 15.80)
11.53 (10.46, 12.59)
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Figure 2 Five-year absolute mortality risks, risk differences (RDs) and HRs overall and stratified by number of prevalent
comorbidities, and each individual comorbidity, ranked according to the largest RD, comparing patients with chronic
obstructive pulmonary disease (COPD) with matched individuals from the general population.
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patients with COPD died within bSyears of follow-up,
compared with 18% in the general population. Impor-
tantly, the presence and increasing number of comorbid-
ities in patients with COPD had a strong influence on
mortality, with cancer being the one comorbidity associ-
ated with the worst prognosis.

We extend previous research by providing population-
based estimates of absolute risks of comorbidities in
patients with COPD.”"* 7 Such estimates are important
for patients, clinicians and policymakers of effective
resource allocation. Here, we note several important
points that may aid the interpretation of our findings and
those from previous studies.

First, a direct comparison of estimates between studies
is challenging. Variations are expected, depending on
the setting (primary or hospital care), source popula-
tion (prevalence of associated risk factors), data sources
(population based or not) and disease measures (diag-
nostic codes or self-reports). In contrast to previous
studies,” ®® '’ our study was population based and relied
on diagnostic and prescription codes.

Second, the positive association between COPD and
most assessed comorbidities can probably be explained
by a combination of shared risk factors (eg, smoking,
other unhealthy lifestyle habits, environmental exposures
and socioeconomic position3), direct effects of COPD on
the heart (eg, cor pulmonale), systematic effects associ-
ated with COPD (eg, systemic inflammation, oxidative
stress, tissue hypoxia, impaired functional capacity, skel-
etal muscle wasting and cachexia®) and medication use
(eg, glucocorticoids). In many circumstances, separating
prevalent and incident comorbidities was difficult. COPD
and certain comorbidities can have an insidious onset,
thus leading to difficulties in determining temporality.
However, our study did not aim to separate COPD-specific
effects from underlying risk factors, and, importantly,
unadjusted risk estimates are typically more informative
for resource allocation and guidance of surveillance and
preventive strategies.” We also cannot rule out the possi-
bility of some degree of diagnostic bias, which might have
biased the associations for selected chronic comorbid
disorders upward. Compared with individuals from the
general population, patients with COPD have greater
contact with the healthcare system, and thereby a greater
probability of being diagnosed with comorbidities.”” The
extent of this issue varies across the assessed comorbidi-
ties and is expected to be minor for comorbidities with
an acute onset that require hospitalisation (eg, acute
myocardial infarction, venous thromboembolism, stroke
and hip fractures) and greater for comorbidities with an
insidious onset (eg, chronic heart failure, chronic kidney
disease and osteoporosis).

Our study has some limitations. First, although diag-
nostic codes for COPD and most comorbidities assessed
in this study have been validated with high positive
predictive values in the Danish nationwide registries,
the completeness (ie, sensitivity) of these codes remains
largely unknown (online supplemental references).

For example, patients with COPD were included from
hospital-based diagnoses and many patients with less
severe COPD were likely not captured. Thus, our findings
must be interpreted in the light of the relatively sick popu-
lation with COPD included. For some comorbidities, this
issue is more prominent than for others. For example,
virtually all people with acute myocardial infarction or
stroke are treated in hospitals and thereby captured. On
the other hand, many patients with mild to moderate
mental illness are untreated or are seen only by general
practitioners, and thereby not given a diagnostic code.
However, to alleviate this issue, we included redeemed
prescriptions in the definition of certain comorbidities
(eg, redemption of at least two antidepressants within
lyear was included in the definition of mood, stress-
related or anxiety disorders). We thereby likely captured
a large proportion of patients seen only by general prac-
titioners. The 5-year absolute risk of mood, stress-related
or anxiety disorders was high (13.8%), which aligns with
the fact that comorbid anxiety is known to be common in
patients with COPD.* Second, we lacked detailed clinical
data on patients with COPD, for example, information
on disease severity such as pulmonary function, smoking
history and intensity, and body mass index, all of which
are expected to be important prognostic predictors.’
Last, we did not assess several relevant comorbidities,
such as hypertension or dyslipidaemia, most of which are
treated by general practitioners.

In summary, while several points must be considered
when interpreting our findings, our population-based
estimates of occurrence and prognostic impact of comor-
bidities in patients with COPD underscore the impor-
tance of comorbidities in the management of COPD
and emphasise that COPD is a central disease within
the wider issue of multimorbidity. These findings may
provide useful information for patients, clinicians and
policymakers of effective resource allocation.
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