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A B S T R A C T

Background: Differences in previous exacerbation history may influence prognosis of chronic obstructive pul-
monary disease (COPD). We hypothesized that prognosis differs between individuals with a history of only
medically treated exacerbations (moderate exacerbations) and those with a history of hospitalised exacerbations
(severe exacerbations).
Methods: We included 98 614 adults from the Copenhagen General Population Study and assessed risk of
moderate and severe exacerbations, pneumonia hospitalisation, and respiratory and all-cause mortality from
2003 until 2013 according to exacerbation history.
Results: Among 6545 individuals with COPD, 6290 had no exacerbations in the preceding year, 109 had one
moderate exacerbation, 108 had two or more moderate exacerbations, and 38 had one or more severe exacer-
bations. During 9.4 years of follow-up, we observed 926 moderate and 244 severe exacerbations, 477 pneu-
monias, and 707 deaths, including 69 from respiratory disease. Compared to individuals without previous ex-
acerbations, lung function and symptom adjusted hazard ratios (HRs) for future moderate exacerbation were
4.68 (95% confidence interval:3.31–6.62) for individuals with one previous moderate exacerbation, 21 (13–33)
for individuals with two or more previous moderate exacerbations, and 5.30 (3.44–8.15) for individuals with
one or more previous severe exacerbations. Corresponding HRs were 1.62(0.78–3.34), 1.29(0.57–2.89), and
5.43 (2.56–12) for severe exacerbation, 1.86(1.06–3.27), 1.74(1.01–2.99), and 4.85 (2.94–8.02) for pneumonia,
0.53(0.10–2.99), 1.65(0.53–5.17), and 2.98 (1.14–7.83) for respiratory mortality, and 1.34(0.79–2.29),
1.57(1.00–2.47), and 1.49 (0.85–2.62) for all-cause mortality, respectively.
Conclusion: Individuals with COPD and a history of hospitalised exacerbations carried the poorest prognosis
compared to those with a history of only medically treated exacerbations, suggesting difference in risk profile.

1. Introduction

Exacerbations, defined as acute worsening of symptoms, are
common and severe complications of chronic obstructive pulmonary
disease (COPD) leading to additional therapy and hospitalisations [1].
Since exacerbations significantly impact health status and accelerate
disease progression, one of the important treatment goals in COPD is to

reduce the risk and severity of future exacerbations [2]. The most re-
cent recommendation of the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) suggests that an exacerbation history with at least
two mild or moderate exacerbations or at least one severe exacerbation
leading to hospitalisation in the preceding year can be used to identify
high-risk patients for future exacerbations and preventive treatment
[1]. However, mild or moderate exacerbations are usually handled in
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general practice and may not require extensive additional therapy,
whereas severe exacerbations require hospitalisation and are often as-
sociated with increased mortality [3].

We investigated risk of future moderate and severe exacerbations,
pneumonia hospitalisation, and respiratory and all-cause mortality in
individuals with COPD from the general population according to ex-
acerbation history in the preceding year. We hypothesized that prog-
nosis differs between individuals with a history of only medically
treated exacerbations (moderate exacerbations) and those with a his-
tory of hospitalised exacerbations (severe exacerbations).

2. Methods

2.1. Study population

We recruited 98 614 individuals aged 20–100 years from the
Copenhagen General Population Study, a Danish contemporary popu-
lation-based cohort study initiated in November 26, 2003 with ongoing
enrolment [4,5]. All participants provided written informed consent,
completed a comprehensive questionnaire, and underwent a physical
examination. Questionnaires were reviewed at the day of attendance by
a healthcare professional together with the participant. The study was
approved by Herlev and Gentofte Hospital and the regional ethics
committee (approval number: H-KF-01-144/01), and was conducted
according to the Declaration of Helsinki.

2.2. COPD and exacerbation history

Lung function was determined using spirometry with pre-broncho-
dilator measurements of forced expiratory volume in 1 s (FEV1) and
forced vital capacity (FVC) [6]. COPD was defined as FEV1/FVC<0.70
in former and current smokers aged ≥40 years with cumulative to-
bacco consumption ≥10 pack-years and without asthma (Fig. 1).
Asthma diagnosis was based on self-report or a previous hospital con-
tact due to asthma (International Classification of Diseases [ICD]-8: 493

and ICD-10: J45-J46), as obtained from the national Danish Patient
Registry, which records all public and private hospital contacts in
Denmark. Information on exacerbation history in the preceding year
was obtained from two sources. Moderate exacerbations were defined
as treatment with oral corticosteroid alone or in combination with
antibiotics (Anatomical Therapeutic Chemical [ATC] Classification
System: H02AB), obtained from the national Danish Registry of Med-
icinal Product Statistics, which records all prescriptions dispensed in
pharmacies in Denmark [7]. Severe exacerbations (ICD-10: J41-J44)
were defined as acute emergency department visit and/or hospitalisa-
tion with the mentioned primary diagnosis, obtained from the national
Danish Patient Registry [4]. Individuals with COPD were subsequently
assigned into one of four mutually exclusive subgroups (Fig. 1):

1) No exacerbations: individuals without moderate or severe exacer-
bations in the preceding year.

2) One moderate exacerbation: individuals with only a single moderate
exacerbation in the preceding year and no severe exacerbation.

3) Two or more moderate exacerbations: individuals with at least two
moderate exacerbations in the preceding year and no severe ex-
acerbation.

4) One or more severe exacerbations: individuals with at least one
severe exacerbation in the preceding year irrespective of number of
moderate exacerbations.

2.3. Outcomes

Moderate exacerbations were defined as treatment with oral corti-
costeroid alone or in combination with antibiotics (ATC Classification
System: H02AB), obtained from the national Danish Registry of
Medicinal Product Statistics, recorded until April 23, 2013. Severe ex-
acerbations (ICD-10: J41-J44) and pneumonias (ICD-10: J12-J18) were
defined as acute emergency department visit and/or hospitalisation
with the mentioned primary diagnosis, obtained from the national
Danish Patient Registry, recorded until April 10, 2013. Information on

Fig. 1. Flowchart. COPD= chronic obstructive pulmonary disease. FVC= forced vital capacity.
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vital status was obtained from the national Danish Civil Registration
System, which contains date of death for all individuals resident in
Denmark, recorded until April 23, 2013. Information on cause of death
was obtained from the national Danish Causes of Death Registry, which
contains date and causes of death for all individuals resident in
Denmark, recorded until December 30, 2011. Death due to respiratory
disease (ICD-10: J00-J99) was based on the underlying cause of death.
Since the national Danish Causes of Death Registry lags the national
Danish Civil Registration System by approximately one year, not all
deaths could be classified by cause.

2.4. Statistical analyses

Wilcoxon's rank-sum, Pearson's χ2, or Fischer's exact tests were used
for comparisons. Cox regression analysis was used to determine time to
first event. Fine & Gray competing risk analysis [8] with the competing
events being all-cause mortality and emigration was used to determine
cumulative incidences for exacerbation, pneumonia, and respiratory
mortality and Kaplan-Meier analysis was used to determine cumulative
incidence for all-cause mortality. Generalised linear model analysis
using pseudo-observations for the restricted or conditional mean event
time under right-censoring according to the methods proposed by An-
dersen, Hansen, and Klein [9] was used to determine mean survival
time during follow-up, corresponding to approximately 10 years. Ana-
lyses were carried out crude and adjusted for various predictors of
COPD prognosis, including FEV1 stage (FEV1 ≥80% predicted,
50–79%, 30–50%, and<30% predicted), modified Medical Research
Council dyspnoea scale (mMRC) score (< versus ≥2), age, sex, civil
status, smoking status, cumulative tobacco consumption in pack-years,
previous hospitalisation due to pneumonia and ischemic heart disease,
and treatment with airway medication (no versus yes). Effect mod-
ification of age and living alone on risk of outcomes was investigated
using likelihood-ratio test. Analyses were carried out using STATA/SE
13.1.

3. Results

Among all 98 614 participants, 6545 had COPD, of whom 6290
(96%) had no exacerbations in the preceding year, 109 (1.6%) had one
moderate exacerbation, 108 (1.6%) had two or more moderate ex-
acerbations, and 38 (0.6%) had one or more severe exacerbations
(Fig. 1). Among all individuals with FEV1<50% of the predicted value,
more than 13% exacerbated in the preceding year. Individuals with
exacerbations in the preceding year compared to those without had
lower lung function, were more often symptomatic, and in treatment
with airway medication (Table 1). During a median follow-up time of
3.8 years (range up to 9.4 years), we observed 926 moderate and 244
severe exacerbations, 477 pneumonias, and 707 deaths, of which 69
were due to respiratory disease.

3.1. Future exacerbations

Cumulative incidence for moderate exacerbation was highest in
individuals with two or more moderate exacerbations in the preceding
year, followed by individuals with one or more severe exacerbation,
individuals with one moderate exacerbation, and individuals without
exacerbation (Fig. 2). Cumulative incidence for severe exacerbation was
highest in individuals with a history of severe exacerbation in the
preceding year. Within the first year of follow-up, cumulative in-
cidences for any exacerbation were 63% in individuals with two or
more moderate exacerbations, 31% in individuals with one or more
severe exacerbations, 22% in individuals with one moderate exacer-
bation, and 3.9% in individuals with no exacerbation in the preceding
year.

Compared to individuals without exacerbation in the preceding
year, crude hazard ratios (HRs) for moderate exacerbation were 6.54

(95% confidence interval [CI]: 4.72–9.06) for individuals with one
previous moderate exacerbation, 28 (19–41) for individuals with two or
more previous moderate exacerbations, and 9.83 (6.18–16) for in-
dividuals with one or more previous severe exacerbations (Fig. 3).
Corresponding HRs were 3.94 (2.09–7.42), 2.70 (1.30–5.61), and 22
(13–40) for severe exacerbation, and 6.57 (4.74–9.10), 27 (18–40), and
9.96 (6.20–16) for any exacerbation, respectively. After adjustment for
various predictors of COPD prognosis (predominantly FEV1 stage and
mMRC score), risk estimates were slightly attenuated but similar for
moderate and any exacerbation, whereas the 95% CIs for HRs for severe
exacerbation overlapped 1.0 in individuals with a moderate exacerba-
tion history, but not in individuals with a severe exacerbation history.
Effect modification with age was only present for individuals with one
previous moderate exacerbation on risk of any exacerbation and im-
plicated a higher risk with increasing age (P-value for interaction from
likelihood-ratio test= 0.03). We did not observe any effect modifica-
tion with living alone on exacerbation risk.

Interestingly, only 29% of individuals with at least one severe ex-
acerbation in the preceding year exacerbated after 1-year of follow-up
and 37% after 2-years of follow-up (Fig. 4). Corresponding numbers
were 13% and 36% in individuals with two or more moderate exacer-
bations in the preceding year, 10% and 17% in individuals with one
moderate exacerbation, and<1% and 2% in individuals without ex-
acerbation, respectively.

3.2. Pneumonia and death

Individuals with a history of severe exacerbation experienced the
highest incidences for pneumonia and respiratory mortality compared
to the other three groups (Fig. 2). Furthermore, individuals with only
one moderate exacerbation in the preceding year seemed to have si-
milar incidences for pneumonia and respiratory mortality as those with
two or more moderate exacerbations. Compared to the group without
previous exacerbation, all groups with any form of exacerbation in the
preceding year had higher and somewhat comparable incidences for all-
cause mortality over the first five years of follow-up. Following the
initial five years of observations, individuals with a history of severe
exacerbation experienced a rapid increase in all-cause mortality sur-
passing individuals with a history of moderate exacerbations only.

Compared to individuals without exacerbation in the preceding
year, crude HRs for pneumonia were 2.62 (95% CI: 1.53–4.49) for in-
dividuals with one previous moderate exacerbation, 2.72 (1.64–4.50)
for individuals with two or more previous moderate exacerbations, and
9.73 (5.69–17) for individuals with one or more previous severe ex-
acerbations (Fig. 5). Corresponding HRs were 1.27 (0.18–9.09), 3.27
(1.03–10), and 16 (7.55–36) for respiratory mortality, and 1.81
(1.09–3.01), 2.15 (1.40–3.32), and 3.18 (1.92–5.28) for all-cause
mortality, respectively. Mean survival time was 8.80 years (95% CI:
8.71–8.88) for individuals without an exacerbation history in the pre-
ceding year, 8.18 years (7.49–8.87) for individuals with one moderate
exacerbation, 7.72 years (6.91–8.53) for individuals with at least two
moderate exacerbations, and 5.93 years (4.04–7.83) for individuals
with at least one severe exacerbation (Fig. 5). After adjustment for FEV1

stage and mMRC score, individuals with a history of moderate ex-
acerbations only had an increased risk for pneumonia, whereas in-
dividuals with a history of severe exacerbation had an increased risk for
pneumonia and respiratory mortality. Effect modification with age was
only present for individuals with at least two moderate exacerbations
on risk of respiratory mortality showing a lower risk with increasing
age (P-value for interaction from likelihood-ratio test= 0.03). There
was no effect modification with living alone on the risk of pneumonia,
or respiratory or all-cause mortality.

4. Discussion

In this large Danish contemporary population-based cohort study,
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we investigated risk of future moderate and severe exacerbations,
pneumonia hospitalisation, and respiratory and all-cause mortality in
individuals with COPD according to frequency and severity of exacer-
bation history in the preceding year. We found that COPD prognosis is
highly dependent on the severity of a previous exacerbation history.
Individuals with a history of severe exacerbation experienced the
poorest prognosis and had a different risk profile compared to in-
dividuals with a history of moderate exacerbations only.

In 2011, GOLD revolutionised initial assessment of patients with
COPD by introducing exacerbation history to the classification system,
as FEV1 stage lacked sufficient precision to determine the risk for future
exacerbations [10]. A large part of the evidence behind this decision
was based on results from the Evaluation of COPD Longitudinally to
Identify Predictive Surrogate Endpoints (ECLIPSE) study, an observa-
tional cohort study of approximately 2000 extensively phenotyped
COPD patients with moderate to severe disease followed for three years
[11]. In ECLIPSE, exacerbation history was superior for predicting fu-
ture exacerbations compared to other markers of COPD, including lung
function impairment. Thus, an exacerbation history with at least two
mild or moderate exacerbations in the preceding year or one severe
exacerbation leading to hospitalisation was suggested by GOLD to
identify patients with high risk for future exacerbations and thus can-
didates for preventive treatment [10]. With the recent update, GOLD
has maintained this recommendation for treatment of naïve patients
[1]. In the present study by using a population-based approach, we
confirm that individuals with an exacerbation in the preceding year

irrespective of frequency had an increased risk of future exacerbation.
In addition, we observed that the severity of previous exacerbation
seems to have a large impact on severity of future exacerbations and
other respiratory outcomes. Individuals with a severe exacerbation
history had more severe exacerbations and less frequently moderate in
the following years, whereas the opposite was observed in individuals
with only a moderate exacerbation history. History of previous severe
exacerbation was also associated with increased respiratory mortality,
despite taking lung function impairment and symptoms into account.
There may be several explanations for these findings. Severe exacer-
bations can be associated with respiratory failure and require ventila-
tory support, and may therefore have a greater impact on COPD
prognosis [3]. Indeed, severe exacerbations in COPD have been asso-
ciated with accelerated lung function decline [12–16] and increased
risk of mortality [14,17–23]. On the other hand, even a mild exacer-
bation in a stable COPD patient with severe lung function impairment
may require a hospitalisation. Therefore, a hospitalisation due to an
exacerbation may indicate presence of more advanced disease (Table 1)
[24]. Thus, a history of severe exacerbation should be viewed differ-
ently than a history of moderate exacerbations only, which GOLD also
takes into account by recommending that preventive treatment should
be instituted immediately after one severe exacerbation.

Only 29% of individuals with a severe exacerbation history and 13%
of individuals with an exacerbation history of at least two moderate
exacerbations exacerbated after 1-year follow-up (Fig. 4). Thus, these
groups, often denoted as frequent exacerbators based on the results

Table 1
Characteristics of 6545 individuals with COPD according to exacerbation history in the preceding year in the Copenhagen General Population Study.

Characteristics Exacerbation history

No exacerbations
(n= 6290)

One moderate exacerbation
(n=109)

Two or more moderate
exacerbations (n=108)

One or more severe
exacerbation (n= 38)

At baseline examination
Age – years 66.0 (58.7–73.3) 68.8 (61.5–73.9) 72.3 (66.6–80.1)a 73.7 (65.2–78.2)a

Men – no. (%) 3608 (57) 57 (52) 55 (51) 20 (53)
Civil status
Married/cohabitant – no. (%) 4300 (68) 79 (72) 68 (63) 22 (58)
Single – no. (%) 368 (5.9) 4 (3.7) 4 (3.7) < 3 (5.3)
Separated/divorced – no. (%) 791 (13) 9 (8.3) 10 (9.3) 5 (13)
Widow/widower – no. (%) 816 (13) 17 (16) 26 (24)a 9 (24)
Unknown – no. (%) 15 (< 1) 0 (0) 0 (0) 0 (0)
Current smokers – no. (%) 2690 (43) 40 (37) 34 (31)b 10 (26)b

Cumulative tobacco consumption – pack-years 16.0 (12.9–20.0) 17.0 (12.9–21.0) 15.9 (12.8–23.6) 17.1 (14.0–19.5)
Previous pneumonia hospitalisation – no. (%) 53 (< 1) 0 (0) 7 (6.5)b 11 (29)b

Previous ischemic heart disease hospitalisation
– no. (%)

66 (1) 0 (0) 0 (0) 3 (7.9)b

FEV1 predicted – % 79 (66–91) 69 (55–83)a 71 (51–83)a 50 (41–63)a

FVC predicted – % 96 (83–109) 86 (69–100)a 85 (70–98)a 71 (59–81)a

FEV1/FVC 0.65 (0.61–0.68) 0.63 (0.55–0.67)b 0.62 (0.55–0.67)a 0.54 (0.47–0.62)a

FEV1% predicted < 50 – no. (%) 442 (7.0) 26 (24)a 23 (21)a 19 (50)a

FEV1/FVC < LLN – no. (%) 5185 (82) 94 (86) 83 (77) 33 (87)
mMRC ≥2 – no. (%) 1134 (18) 41 (38)a 43 (40)a 26 (68)a

Treatment with airway medication – no. (%) 585 (9.3) 40 (37)a 29 (27)a 36 (95)a

SABA and/or SAMA – no. (%) 277 (4.4) 28 (26)a 21 (19)a 23 (61)a

ICS and LABA – no. (%) 280 (4.5) 27 (25)a 13 (12)a 23 (61)a

LABA – no. (%) 96 (1.5) < 3 (< 2.8) 7 (6.5)a 5 (13)a

LAMA – no. (%) 202 (3.2) 18 (17)a 14 (13)a 21 (55)a

During follow-up
Moderate exacerbations – no. (%) 762 (12) 50 (46)a 89 (82)a 25 (66)a

Severe exacerbations – no. (%) 207 (3.3) 11 (10)a 8 (7.4)b 18 (47)a

Any exacerbationsc – no. (%) 780 (12) 51 (47)a 88 (81)a 25 (66)a

Pneumonias – no. (%) 428 (6.8) 15 (14)a 17 (16)b 17 (45)b

Respiratory deaths – no. (%) 59 (< 1) <3 (< 2.8) 3 (2.8) 6 (16)a

Deaths – no. (%) 656 (10) 16 (15) 22 (20)a 13 (34)a

Data presented as median (25th and 75th percentiles) or n (%). COPD= chronic obstructive pulmonary disease. FVC= forced vital capacity. ICS= inhaled cor-
ticosteroid. LABA= long-acting beta-2 agonist. LAMA= long-acting muscarinic antagonist. mMRC=modified Medical Research Council dyspnoea scale.
SABA= short-acting beta-2 agonist. SAMA= short-acting muscarinic antagonist.

a P < 0.001.
b P < 0.05 for comparison with individuals with COPD but no exacerbation history.
c Due to differences in follow-up time between moderate and severe exacerbations, the number of any exacerbations may not add up.
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from ECLIPSE, had only slightly higher exacerbation rates than those
denoted as infrequent exacerbators (the two other groups). Although
the most likely explanation for our finding is inclusion of mainly mild
cases of COPD due to a general population setting, similar results were
observed in other studies, which included more moderate and severe
cases of COPD, including a Danish nationwide cohort study [25–28].
These results not only question whether exacerbation history can be
used as a marker for the frequent exacerbator phenotype, as suggested
in ECLIPSE [11], but also the very existence and stability of this par-
ticular phenotype. In addition, it seems that the GOLD classification
system both over- and underestimates exacerbation risk in some sub-
groups [5,29,30], suggesting that the presently available disease mar-
kers still lack precision in predicting future exacerbations and that we
need additional predictors.

A recent UK study identified individuals with COPD from an elec-
tronic general practice database and found that those with a severe

exacerbation history had recurrent severe exacerbations, whereas those
with a moderate exacerbation history, irrespective of frequency, had
recurrent moderate exacerbations [27]. In accordance with our find-
ings, these results also suggest the existence of different risk profiles
according to type of exacerbation history and that even a single pre-
vious exacerbation predicts future exacerbation risk.

A limitation of the present study was the lack of post-bronchodilator
spirometry to diagnose COPD. However, by defining airflow limitation
in a high-risk population with the potential of developing COPD, we
believe to have identified most COPD cases correctly. Nonetheless, a
few cases with COPD (predominantly consisting of never-smokers and
smokers with low tobacco consumption) were not included to enable a
more precise case definition; however, as these cases would most likely
be of mild degree, associations would only be diluted and could not
account for the divergent results according to exacerbation history.

The clinical implication of the present study relates to identification

Fig. 2. Cumulative incidence for moderate and severe exacerbations, pneumonia, respiratory mortality, and all-cause mortality in individuals with COPD
according to exacerbation history in the preceding year. Analyses are crude. COPD= chronic obstructive pulmonary disease.

Fig. 3. Risk of moderate and severe exacerbations in individuals with COPD according to exacerbation history in the preceding year. Multivariable
adjustment includes FEV1 stage, modified Medical Research Council dyspnoea scale (mMRC), age, sex, civil status, smoking status, cumulative tobacco consumption,
previous hospitalisation due to pneumonia and ischemic heart disease, and treatment. P-values obtained from Wald's test. COPD= chronic obstructive pulmonary
disease.
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of high-risk patients for future exacerbations and preventive treatment.
An exacerbation history irrespective of frequency and severity seems to
be associated with increased risk of future exacerbation. Future studies
should therefore investigate preventive treatment potential in in-
dividuals with only a single previous exacerbation. A history of severe
exacerbation seems to identify the most vulnerable patients with the
poorest prognosis and should therefore be a marker for need of addi-
tional interventions including palliative care, which has been widely
underused among patients with COPD compared to patients with lung
cancer [31].

In conclusion, individuals with COPD and a history of hospitalised

exacerbations carried the poorest prognosis compared to those with a
history of only medically treated exacerbations, suggesting difference in
risk profile.
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