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A B S T R A C T   

Background: Whether risk of exacerbations of chronic obstructive pulmonary disease (COPD) is influenced by 
severity of symptoms and maintenance treatment is unclear. 
Objective: We hypothesized that in addition to history of exacerbations of COPD, the severity of dyspnoea and use 
of maintenance medications are associated with risk of future exacerbations. 
Methods: We included 96,462 adults from the Copenhagen General Population Study and assessed risk of 
moderate and severe exacerbations from 2003 to 2013 according to exacerbation history, dyspnoea score 
(mMRC), and presence/absence of maintenance treatment with inhaled long-acting bronchodilators and/or 
inhaled corticosteroids. 
Findings: Among 13,380 individuals with COPD, we observed 1543 moderate and 348 severe exacerbations. In 
treatment naïve individuals and in those on maintenance treatment, history of previous exacerbations and to a 
smaller degree also dyspnoea were associated with a higher risk of future exacerbations; 32% of the treatment 
naïve individuals with mMRC≥2 and a single moderate exacerbation in the previous year experienced a mod-
erate exacerbation during the following year compared with only 3% in the individuals with similar severity of 
dyspnoea but no exacerbations in the previous year yielding an adjusted hazard ratio of 6.26 (95% confidence 
interval, 3.70–10.58). 
Interpretation: This observational study of the general population suggests that in addition to exacerbation history 
also the severity of dyspnoea predicts the risk of future COPD exacerbations. In subjects with severe dyspnoea, a 
history of a single moderate exacerbation is associated with a high risk of future exacerbations, suggesting that 
this subgroup needs special attention in order to prevent these events.   

1. Introduction 

Exacerbations, defined as acute worsening of symptoms, are com-
mon complications of chronic obstructive pulmonary disease (COPD) 
leading to additional therapy and hospitalizations [1]. Exacerbations 

significantly impact health status and accelerate disease progression 
and, therefore, one of the most important treatment goals in COPD is to 
reduce the risk and severity of future exacerbations [2]. The most recent 
recommendation from the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) suggests that an exacerbation history with at least 
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two mild or moderate exacerbations or at least one severe exacerbation 
leading to hospitalisation in the preceding year identifies patients that 
should receive preventive treatment to reduce risk of future exacerba-
tions [1]. This recommendation is based on studies suggesting 
“tracking”; i.e., the phenomenon that exacerbations in previous years 
predict a high risk of future exacerbations [3–7]. However, the vast 
majority of intervention trials with exacerbations as primary outcome 
have only required one or more exacerbations in the preceding year as 
an inclusion criterion. This is further demonstrated by subgroup ana-
lyses of trials. In the recent KRONOS trial, symptomatic patients (COPD 
Assessment Test score ≥10) with no or only one exacerbation in the year 
preceeding study enrolment; showed a surprisingly high frequency of 
new exacerbations during the study year ranging from 0.8 events per 
year in those without exacerbations prior to enrolment to 1.5 events per 
year in those with one exacerbation during the year preceeding study 
enrolment [8,9]. As subjects included in efficacy trials often differ from 
those seen in usual clinical care [10], we found it of interest to examine 
whether these observations from the KRONOS trial can be reproduced in 
the general population. In addition, although previous studies provided 
estimates of the importance of 0, 1, 2 and ≥ 3 previous exacerbations for 
risk of future exacerbations [6], the additional influence of the severity 
of respiratory symptoms and of baseline treatment with maintenance 
inhaled medications has not been analysed in detail. In particular, data 
on treatment naïve individuals are sparse as the vast majority of subjects 
included in clinical trials have already been on maintenance treatment 
before enrolment. 

Therefore, we analysed if the “tracking of the exacerbations” is 
influenced by the severity of symptoms and maintenance treatment in a 
Danish contemporary population-based cohort study including almost 
100,000 randomly chosen individuals. We hypothesized that a combi-
nation of the exacerbation history with the severity of dyspnoea and use 
of maintenance inhaled medications predicts risk of future moderate and 
severe COPD exacerbations. Our main focus on exacerbation history and 
dyspnoea is based on the suggestions of GOLD that these two variables 
should guide clinicians regarding the choice of initial maintenance 
medication in treatment naïve individuals. 

2. Methods 

2.1. Study design and population 

We recruited 96,462 individuals aged 20–100 years from the 
Copenhagen General Population Study, a Danish contemporary 
population-based cohort study initiated in November 26, 2003 with 
ongoing enrolment [11]. All individuals living in Denmark are assigned 
a unique identification number at birth or immigration and recorded in 
the national Danish Civil Registration System. Based on age, individuals 
living in the Capital Region of Denmark were randomly selected from 
the national Danish Civil Registration System and invited to participate 
in the survey (response-rate, 43%). All participants completed a 
comprehensive questionnaire and underwent a physical examination 
including spirometry with measurements of prebronchodilatory forced 
expiratory volume in 1 s (FEV1) and forced vital capacity (FVC). Ques-
tionnaires were reviewed at the day of attendance by a healthcare 
professional together with the participant and the quality of spirometry 
was assessed. The study was approved by Herlev and Gentofte Hospital 
and the regional ethics committee (H-KF-01-144/01) and conducted 
according to the Declaration of Helsinki. All participants provided 
written informed consent. 

2.2. Clinical COPD groups 

Among the 89,099 individuals aged 40 years or older participating in 
the Copenhagen General Population Study examination from 2003 to 
2013 with a valid spirometry, we identified 13,380 participants with 
COPD, defined as FEV1/FVC <0.70. In total, 5250 individuals reporting 

asthma were excluded. 
The present analyses focus on the importance of three baseline 

characteristics for future exacerbations: exacerbation history, severity of 
dyspnoea, and baseline treatment with inhaled maintenance medica-
tion. We differentiated between individuals with and without exacer-
bation history (Hex) in the year before study enrolment. Individuals 
without any exacerbation in the preceeding year are labeled Hex zero, 
patients with one moderate exacerbation in the preceeding year are 
labeled Hex one, whereas those with more than one moderate exacer-
bation or at least one exacerbation requiring hospitalisation are labeled 
Hex freq. Regarding the severity of dyspnoea, we distinguish between 
those with a modified Medical Research Councils dyspnoea score 
(mMRC) < 2 (less dyspnoea) and mMRC≥2 (severe dyspnoea). 
Finally, we differentiate between a group without baseline treatment 
with inhaled long-acting bronchodilators (LABA or LAMA) or inhaled 
corticosteroids (ICS) which is labeled “treatment naïve” and a group 
receiving at least one of the above mentioned inhaled medication, 
labeled as “on treatment”. Classification according to these three 
characteristics results in multiple subgroups which were followed for 
exacerbations for up to 9.4 years. 

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 Medic-
inal Product Statistics according to the method of Ingebrigtsen et al., 
recorded until April 10, 2013 [12]. Severe exacerbations (ICD-8: 
491-492 and ICD-10: J41-J44) 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 vital status was obtained from the 
national Danish Civil Registration System, which contains date of death 
for all residents in Denmark, recorded until April 23, 2013 [13,14]. 

2.4. Statistical analyses 

For outcome data, the median follow-up time from the examination 
date was estimated by the reverse Kaplan–Meier method [15]. Death 
was considered a competing risk for moderate and severe exacerbations 
of COPD, and the cumulative incidence was estimated by the 
Aalen-Johansen estimator [16]. The association between the COPD 
phenotypes and moderate and severe exacerbations of COPD was 
investigated using cause-specific Cox regression [17] adjusted for age 
and sex. 

We also performed a supplementary analysis including additional 
variables that could affect the risk of moderate exacerbations and our 
variables of main interest (dyspnoea and exacerbation history). The 
additional variables were FEV1 in % of predicted value (GOLD stages 
1–4), presence of chronic bronchitis (subjects reported phlegm for at 
least 3 months a year), smoking status (never, former, current), and 
comorbidities (diabetes mellitus and/or heart disease (ischemic heart 
disease and/or heart failure)). 

The proportionality assumption for the Cox model was tested with 
the score process test [18]. All analyses were performed with R version 
4.1.0 (R Foundation for Statistical Computing, Vienna, Austria), and 
two-sided P-values with a significance level of 0.05 was chosen. 

3. Results 

The median follow-up time for moderate exacerbatons was 3.6 
(interquartile range (IQR), 1.7–6.4) years and 3.6 (IQR, 1.7–6.2) years 
for severe exacerbations. Table 1 shows the distribution and the baseline 
characteristics of the 13,380 individuals with COPD in the subgroups of 
interest. In the upper part, we present data according to exacerbation 
history and maintenance treatment in those with severe dyspnoea 
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(corresponding to mMRC≥2), and in the lower part, for those with less 
dyspnoea (mMRC<2) are shown. 

Among those with severe dyspnoea, the prevalence of treatment with 
maintenance inhaled medications was substantially higher in in-
dividuals in Hex one subgroup compared to Hex zero subgroup (62% 
versus 20%). This was also the case among those with less dyspnoea 
(21% versus 4%). Among individuals with mMRC≥2 and frequent ex-
acerbations, the prevalence of maintenance treatment was 57%. 

As expected, individuals with less dyspnoea had a higher FEV1 than 
those with severe dyspnoea (Table 1). The prevalence of current smokers 
was lower in Hex freq (19%) than in Hex zero (33%) and Hex one (31%). 
The number of individuals with frequent exacerbations and few symp-
toms was small. 

During the follow-up, 1543 individuals developed a moderate 
exacerbation and 348 developed a severe exacerbation. Fig. 1 depicts 
the reverse Aalen-Johansen curves for moderate (Panel A) and severe 
exacerbations (Panel B) by taking competing risks into account. Fig. 2 
shows the Aalen-Johansen estimates at 1-year, 3-years, 5-years, and the 
full length of follow-up, respectively (Panel A for moderate and Panel B 
for severe exacerbations). The cause-specific hazard ratios for these 
outcomes are presented for the full follow-up. Both in those on main-
tenance treatment and in the treatment naïve individuals, exacerbations 
were tracking. Already during the first year, the risk of moderate exac-
erbations was markedly higher in the Hex one than in the Hex zero group 
(Figs. 1 and 2). 

Presence of maintenance treatment was significantly associated with 
a higher risk of moderate exacerbations in the Hex zero group with a 3.5- 
fold higher risk in those on treatment (Fig. 2 Panel A). In the Hex one 
group, the risk of moderate exacerbations during the first year was 
similar in those with and without maintenance treatment. In individuals 
with frequent exacerbations Hex freq, maintenance treatment was 
associated with a lower risk during the first year of follow-up but the risk 
was similar for the whole follow-up yielding a hazard ratio of 17.04 
(95% confidence interval: 11.71–24.81) in the treatment naïve group 
and 14.56 (10.42–20.34) in the treated group (Fig. 2 Panel A). 

There were fewer severe than moderate exacerbations and we 
observed no severe exacerbation in the treatment naïve group with a 
history of a single moderate exacerbation. In the remaining groups, 
maintenance treatment was associated with a higher risk of severe 
exacerbations. 

Figs. 3 and 4 focus on the importance of the severity of dyspnoea on 
the risk of moderate exacerbations in individuals without (Panel A) and 
with (Panel B) maintenance treatment. Both in treatment naïve in-
dividuals and in those on maintenance treatment, a higher level of 
dyspnoea was associated with a higher risk of moderate exacerbations. 
The difference was statistically significant in Hex zero with a hazard 
ratio of 1.8, and although the pattern was similar in the Hex one, it did 
only reach statistical significance for those on maintenance treatment (P 
= 0.008). 

Age, chronic bronchitis, smoking status, and lung function were 

Table 1 
Baseline characteristics of individuals with COPD in the General Copenhagen Population Study according to history of exacerbation (Hex) during the year before 
enrolment, severity of dyspnoea, and maintenance treatment with inhaled medications. The 134 individuals belonging to Hex freq mMRC<2 were excluded from this 
table.  

COPD subgroup No. of participants Males Age (years) FEV1 in % predicted FEV1/FVC Current smokers 

Severe dyspnoea mMRC ≥ 2       
Hex zero, treatment naive 1486 677 (45.6%) 70.9 ± 11.5 73.6 ± 20.4 0.62 ± 0.07 491 (33.9%) 
Hex zero, on treatment 369 178 (48.2%) 72.1 ± 8.9 55.1 ± 18.4 0.54 ± 0.11 102 (28.0%) 
Hex one, treatment naive 25 11 (44.0%) 71.7 ± 9.6 73.2 ± 18.7 0.62 ± 0.07 9 (36.0%) 
Hex one, on treatment 41 18 (43.9%) 70.3 ± 10.1 50.6 ± 22.3 0.51 ± 0.11 11 (28.2%) 
Hex freq, treatment naive 42 19 (45.2%) 72.6 ± 10.4 72.8 ± 23.1 0.61 ± 0.08 9 (22.0%) 
Hex freq, on treatment 55 24 (43.6%) 73.8 ± 8.0 46.6 ± 16.5 0.52 ± 0.09 9 (16.4%) 

Less dyspnoea mMRC < 2       
Hex zero, treatment naive 10640 5139 (48.3%) 65.2 ± 11.2 85.4 ± 20.4 0.65 ± 0.06 3142 (30.4%) 
Hex zero, on treatment 434 215 (49.5%) 68.4 ± 10.6 71.3 ± 18.9 0.61 ± 0.08 119 (28.3%) 
Hex one, treatment naive 121 63 (52.1%) 68.1 ± 10.5 81.4 ± 18.8 0.63 ± 0.06 37 (31.6%) 
Hex one, on treatment 33 10 (30.3%) 70.4 ± 8.9 74.7 ± 20.8 0.61 ± 0.09 7 (21.9%) 

Data are presented as n, n (%), or mean ± SD. Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; Hex zero, no exacerbations in the 
preceeding year; Hex one, one moderate exacerbation in the preceeding year; Hex freq, more than one moderate exacerbation or at least one exacerbation requiring 
hospitalisation in the preceeding year. 

Fig. 1. The figure shows 1 minus the cumulative incidence of moderate exacerbations (Panel A) and severe exacerbations (Panel B) for individuals with severe 
dyspnoea (mMRC≥2) in six COPD subgroups defined by exacerbation history (Hex) and maintenance treatment. 
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strong predictors of moderate exacerbations (Fig. 5). Male gender and 
comorbidity was not. Compared to Fig. 4, hazard ratios for the COPD 
phenotypes were attenuated, but remained significant after adjustment 

for the possible confounders. 

Fig. 2. The risk of moderate (Panel A) and severe exacerbations (Panel B) adjusted for age and sex in individuals with severe dyspnoea (mMRC≥2) in six COPD 
subgroups defined by exacerbation history Hex and maintenance treatment. 

Fig. 3. The figure shows 1 minus the cumulative incidence of moderate exacerbations for the treatment naïve (Panel A) and individuals on maintenance treatment 
(Panel B) in the COPD subgroups defined by exacerbation history Hex and severity of dyspnoea. 

Fig. 4. Risk of moderate exacerbations for the treatment naïve (Panel A) and individuals on maintenance treatment (Panel B) in the COPD subgroups defined by 
exacerbation history Hex and severity of dyspnoea based on a single model adjusted for age and sex. 

J.L. Marott et al.                                                                                                                                                                                                                                



Respiratory Medicine 192 (2022) 106725

5

4. Discussion 

The previously reported association between past and future pro-
pensity to exacerbations was also observed in this sample of individuals 
with COPD in the general population. As hypothesized, the presence of 
severe dyspnoea was also significantly associated with a higher risk of 
moderate COPD exacerbations, both in maintenance treatment naïve 
individuals and in those who were on maintenance treatment at base-
line. However, compared with the KRONOS study the absolute incidence 
of moderate exacerbations was lower. 

Patients without maintenance treatment have not been studied in 
detail previously, as most of the exacerbation studies, and in particular 
the clinical trials of the effect of medications, mainly include patients 
who previously have been treated with long-acting bronchodilators 
and/or inhaled corticosteroids. According to GOLD, treatment naïve 
individuals can be assigned to GOLD A or B, depending on the severity of 
dyspnoea. In the present study, the GOLD A group corresponds to in-
dividuals in the two groups Hex zero, mMRC < 2, treatment naïve and 
Hex one, mMRC < 2, treatment naïve, wheras GOLD B corresponds to 
Hex zero, mMRC ≥ 2, treatment naïve and Hex one, mMRC ≥ 2, 
treatment naïve. Panel A in Figs. 4 and 5 shows that presence of a single 
moderate exacerbation in the previous year in these groups is associated 
with a 6-7 times higher hazard of a moderate exacerbation during 
follow-up compared to individuals without a history of exacerbations. 
Thus, our observations suggest that the presence of a single moderate 
exacerbation in both GOLD A and GOLD B is an important indicator of a 
significantly elevated future risk and should result in life style changes 
such as smoking cessation and a consideration of preventive treatment, 
in particular in GOLD B, where 32% of the individuals experienced an 
exacerbation during the first year of observation (Fig. 2 Panel A). The 

risk of moderate exacerbations in treatment naïve individuals with 
frequent previous exacerbation (Hex freq, mMRC ≥ 2, treatment 
naïve), which corresponds to GOLD D, was very high. Already during 
the first year, 68.5% of these individuals experienced a moderate 
exacerbation (Fig. 2 Panel A). This observation supports the recom-
mendation of GOLD to start preventive treatment in this group [1]. 

Our supplementary analyses (Fig. 5) showed that the association 
between the COPD phenotypes (defined by previous exacerbations, 
dyspnoea and maintenance therapy) and moderate exacerbations were 
quite robust, even when adjusting for age, gender, lung function, pres-
ence of chronic bronchitis, smoking status, and comorbidities. 

As this is an observational study, the comparison of the treatment 
naïve groups with those on maintenance treatment is difficult. We have 
no information on whether maintenance treatment was started because 
of daily symptoms or because of earlier exacerbations. Therefore, the 
individuals on maintenance treatment in the Hex zero or Hex one groups 
could have been frequent exacerbators in the past before initiating 
maintenance medication and enrolment in our study cohort. Thus, our 
findings of an association between preventive treatment and high 
exacerbation risk in the Hex zero group and an apparent lack of effect in 
the Hex one group, is probably caused by the so called “confounding by 
indication” – i.e., the fact that the characteristics of the patients that led 
to start of the treatment, rather than the medication itself, are driving 
the increased risk of exacerbations in the treated group, a phenomenon 
that has previously been observed and discussed [19]. 

The main strength of the present analyses is a long and complete 
follow-up and the inclusion of treatment naïve individuals. The disad-
vantage is the use of pre-bronchodilatator spirometry to define airflow 
limitation in COPD. In addition, although we started with a study pop-
ulation of almost 100,000 individuals, the number of participants in our 

Fig. 5. Risk of moderate exacerbations for the treatment naïve (Panel A) and individuals on maintenance treatment (Panel B) in the COPD subgroups defined by 
exacerbation history Hex and severity of dyspnoea based on a single model including possible confounders in addition to age and sex (Panel C). 
aComorbidity is defined as either ischemic heart disease, heart failure or diabetes mellitus. 
bChronic bronchitis was registered if the subjects reported phlegm for at least 3 months a year. 
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groups of interest and the number of outcomes is relatively small. 
Additionally, as mentioned above, the lack of detailed information on 
previous treatment history with inhaled medications, which the present 
study shares with most clinical trials in the field, is also a drawback. 

In conclusion, the present observational study of individuals with 
COPD from the general population shows that exacerbation history is 
the main driver of the future exacerbation risk, but severe dyspnoea also 
predicts future exacerbations. In particular, in treatment naïve in-
dividuals with severe dyspnoea (mMRC≥2), corresponding to GOLD B, a 
single moderate exacerbation in the preceding year is associated with a 
relative high risk of future exacerbations, suggesting that this subgroup 
needs special attention in order to prevent these events. 

Declaration of competing interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 
Yunus Çolak reports personal fees from AstraZeneca, Boehringer Ingel-
heim, and Sanofi Genzyme. Jørgen Vestbo reports personal fees from 
AstraZeneca, Boehringer-ingelheim, Chiesi, GSK, Novartis and Teva, and 
grant support from Boehringer-Ingelheim. Peter Lange reports personal 
fees from AstraZeneca, Boehringer Ingelheim and GSK, and grant sup-
port from AstraZeneca, Boehringer Ingelheim and GSK. Jacob Louis 
Marott, Truls Sylvan Ingebrigtsen and Børge Grønne Nordestgaard have 
no disclosures to report. 

CRediT authorship contribution statement 

Jacob Louis Marott: Conceptualization, Formal analysis, Writing – 
original draft, review & editing. Yunus Çolak: Data interpretation, 
Writing – review & editing. Truls Sylvan Ingebrigtsen: Data interpre-
tation, Writing – review & editing. Jørgen Vestbo: Data interpretation, 
Writing – review & editing. Børge Grønne Nordestgaard: Data cura-
tion, Data interpretation, Writing – review & editing. Peter Lange: 
Conceptualization, Formal analysis, Writing – original draft, review & 
editing. 

Acknowledgements 

The Copenhagen General Population Study was funded by Copen-
hagen University Hospital – Herlev and Gentofte, Copenhagen, 
Denmark. The present analyses were supported by a grant from Astra-
Zeneca. J Vestbo is supported by the NIHR Manchester BRC. 

References 

[1] Global strategy for the diagnosis, management, and prevention of chronic 
obstructive pulmonary disease 2020 report. Global initiative for chronic 
obstructive lung disease, Available at: https://goldcopd.org/gold-reports/ (last 
accessed December 23, 2021). 

[2] J.A. Wedzicha, T.A. Seemungal, COPD exacerbations: defining their cause and 
prevention, Lancet 370 (2007) 786–796. 

[3] J.R. Hurst, J. Vestbo, A. Anzueto, et al., Susceptibility to exacerbation in chronic 
obstructive, Pulmonary Dis. 363 (2010) 1128–1138. 

[4] M.K. Han, P.M. Quibrera, E.E. Carretta, et al., Frequency of exacerbations in 
patients with chronic obstructive pulmonary disease: an analysis of the SPIROMICS 
cohort, Lancet Respir. Med. 5 (2017) 619–626. 

[5] M. Reilev, J. Lykkegaard, A. Halling, et al., Stability of the frequent COPD 
exacerbator in the general population: a Danish nationwide register-based study, 
NPJ Prim. Care Respir. Med. 27 (2017) 25. 

[6] K.J. Rothnie, H. Mullerova, L. Smeeth, et al., Natural history of chronic obstructive 
pulmonary disease exacerbations in a general practice-based population with 
chronic obstructive pulmonary disease, Am. J. Respir. Crit. Care Med. 198 (2018) 
464–471. 

[7] Y. Çolak, S. Afzal, J.L. Marott, et al., Prognosis of COPD depends on severity of 
exacerbation history: a population-based analysis, Respir. Med. 155 (2019) 
141–147. 

[8] G.T. Ferguson, K.F. Rabe, F.J. Martinez, et al., Triple therapy with budesonide/ 
glycopyrrolate/formoterol fumarate with co-suspension delivery technology versus 
dual therapies in chronic obstructive pulmonary disease (KRONOS): a double- 
blind, parallel-group, multicentre, phase 3 randomised controlled trial, Lancet 
Lancet Respir. Med. 10 (2018) 747–758. 

[9] F.J. Martinez, G.T. Ferguson, E. Bourne, et al., Budesonide/Glycopyrrolate/ 
Formoterol fumarate metered dose inhaler improves exacerbation outcomes in 
patients with COPD without a recent exacerbation history: a subgroup Analysis of 
KRONOS, Int. J. Chronic Obstr. Pulm. Dis. 16 (2021) 179–189. 

[10] A. Woodcock, I. Boucot, D.A. Leather, J. Crawford, S. Collier, N.D. Bakerly, 
E. Hilton, J. Vestbo, Effectiveness versus efficacy trials in COPD: how study design 
influences outcomes and applicability, Eur. Respir. J. 51 (2018) 1701531. 

[11] Y. Çolak, S. Afzal, B.G. Nordestgaard, J. Vestbo, P. Lange, Young and middle-aged 
adults with airflow limitation according to lower limit of normal but not fixed ratio 
have high morbidity and poor survival: a population-based prospective cohort 
study, Eur. Respir. J. 51 (2018) 1702681. 

[12] T.S. Ingebrigtsen, J.L. Marott, P. Lange, J. Hallas, B.G. Nordestgaard, J. Vestbo, 
Medically treated exacerbations in COPD by GOLD 1-4: a valid, robust, and 
seemingly low-biased definition, Respir. Med. 109 (2015) 1562–1568. 

[13] T.F. Andersen, M. Madsen, J. Jørgensen, L. Mellemkjær, J.H. Olsen, The Danish 
hospital register, Dan. Med. Bull. 46 (1999) 263–268. 

[14] M. Schmidt, L. Pedersen, H.T. Sørensen, The Danish Civil Registration System as a 
tool in epidemiology, Eur. J. Epidemiol. 29 (2014) 541–549. 

[15] M. Schemper, T.L. Smith, A note on quantifying follow-up in studies of failure time, 
Contr. Clin. Trials 17 (1996) 343–346. 

[16] O.O. Aalen, S. Johansen, An empirical transition matrix for non-homogeneous 
Markov chains based on censored observations, Scand. J. Stat. 5 (1978) 141–150. 

[17] T.A. Gerds, T.H. Scheike, P.K. Andersen, Absolute risk regression for competing 
risks: interpretation, link functions, and prediction, Stat. Med. 31 (2012) 
3921–3930. 

[18] D.Y. Lin, L.J. Wei, Z. Ying, Checking the Cox model with cumulative sums of 
martingale-based residuals, Biometrika 80 (1993) 557–572. Ref stat. 

[19] D. Singh, D.M.G. Halpin, Inhaled corticosteroids and COVID-19-related mortality: 
confounding or clarifying? Lancet 8 (2021) 1065–1066. 

J.L. Marott et al.                                                                                                                                                                                                                                

https://goldcopd.org/gold-reports/
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref2
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref2
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref3
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref3
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref4
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref4
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref4
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref5
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref5
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref5
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref6
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref6
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref6
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref6
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref7
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref7
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref7
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref8
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref8
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref8
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref8
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref8
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref9
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref9
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref9
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref9
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref10
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref10
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref10
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref11
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref11
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref11
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref11
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref12
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref12
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref12
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref13
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref13
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref14
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref14
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref15
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref15
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref16
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref16
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref17
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref17
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref17
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref18
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref18
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref19
http://refhub.elsevier.com/S0954-6111(21)00433-9/sref19

	Exacerbation history, severity of dyspnoea and maintenance treatment predicts risk of future exacerbations in patients with ...
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Clinical COPD groups
	2.3 Outcomes
	2.4 Statistical analyses

	3 Results
	4 Discussion
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgements
	References


