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Introduction: Studies have shown that exacerbation in chronic obstructive pulmonary disease (COPD) increases the risk of further
exacerbations. Our aim was to investigate the impact of a single moderate exacerbation on the odds of subsequent exacerbations and
death in GOLD B COPD patients.

Methods: This hospital-based nationwide, cohort study in Denmark included all patients >40 years of age with an in- and/or
outpatient ICD-10 J44 diagnosis (COPD Register, 2008—2014). Index was date of first registered modified Medical Research Council
(mMRC) score >2; baseline period was 12 months pre-index. At index, patients were grouped as: B0, no exacerbation; and B1, one
moderate exacerbation during the previous year, and followed for three consecutive years in 2008—2017 for development of moderate-
(short-term use of prednisolone or prednisone) and severe (emergency visit or hospitalization) exacerbations and death. Using B0 as
reference, the odds ratio (OR) for exacerbation and death in GOLD B1 was estimated with multinominal logistic regression and a Cox
model estimated the hazard ratio for exacerbation accounting for recurrent events.

Results: In total, 8,453 patients (mean age 70 years, 51% male) were included, of which GOLD B0 4,545 and GOLD B1 3,908
patients. During the 3-year follow-up, 34.1% and 24.9% of GOLD B0 and BI1, respectively, had none or one moderate exacerbation
whereas 61.9% and 71.2% of B0 and B, respectively, had a severe trajectory with multiple moderate and/or a severe exacerbation or
died. In B1 patients, the OR for 1 moderate, >2 moderate exacerbations, >1 severe exacerbation was 1.58 [CI 1.33-1.87], 2.60 [2.19—
3.08], 2.08 [1.76-2.45], respectively, and 1.85 [1.57-2.17] for death compared with BO.

Conclusion: One moderate exacerbation in COPD patients with high symptom burden increases the odds of subsequent exacerbations
and death during the three following years. The results emphasize the importance of preventing exacerbations in GOLD B patients.
Keywords: COPD, exacerbation, dyspnea, GOLD, mortality, epidemiology

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the most important causes of morbidity and death in many
countries.' In most patients, COPD is a progressive disease where lung function and symptoms can be expected to
worsen over time, a deterioration that may be accelerated by periods with exacerbations. It is well established, that
exacerbations contribute to a more rapid disease progression, such as accelerated lung function decline, accelerated
skeletal muscle loss, decreased health status, increased mortality, and imply a significant economic burden for the health
care system as well - mainly driven by exacerbations.”> ® One single moderate exacerbation has been shown to increase
the risk of hospitalization by 21%,’ and one out of five patients die within a year after their first hospitalization due to an
exacerbation.® To improve the prognosis of COPD and reduce the impact of the disease on the daily life of patients as
well as the risk of long-term COPD-related morbidity and mortality, prevention of exacerbations is a key step in the
COPD treatment goals.'
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Due to the complexity and heterogeneity of COPD, and with the goal of improving clinical outcomes and prognosis
for individual patients, the term “individualized” medicine has been proposed to define treatments targeted to the needs of
individual patients based on eg individual biomarkers or phenotypic characteristics that distinguish a given patient from
other patients with similar clinical presentations.” "'

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) use clinical phenotyping to assess disease
burden and future risk by grouping treatment naive patients into GOLD A to D.! GOLD recommends to use two
components for individual COPD characterization and future risk assessment: exacerbation history (last 12 months) and
symptom burden (CAT/ mMRC).! However, it is recognized that COPD is a highly heterogenous and dynamic disease,
even within the GOLD groups.'>'? This is particularly true for the GOLD B group, in which patients have a significant
symptom burden (CAT > 10 or a mMRC > 2) and may have had either zero or one moderate exacerbation in the
previous year. With this phenotyping, all patients characterized as GOLD B, irrespective of the level of symptoms above
the cut-offs of CAT or mMRC, or whether they have had zero or one exacerbation, are considered to have the same
disease impact and future risk. Hence, the treatment recommendations for this patient group are mainly focused on
symptom treatment with either one or two long-acting bronchodilators.

Some GOLD B patients may deteriorate faster and in fact change GOLD category due to frequency of exacerbations.

The disease dynamics and future risk of the GOLD B risk group in real life is sparsely investigated outside clinical
trials, which is mainly focused on frequent exacerbators. Therefore, the aim of this study was to investigate the impact of
a single moderate exacerbation on the odds of subsequent exacerbations and death in GOLD B COPD patients by
comparing patients with one moderate exacerbation during the previous year with those without.

Materials and Methods
Study Design and Data Sources

This was a population-based cohort study using various comprehensive national Danish health registries: (a) the National
Hospital Registry covering all inpatient, non-psychiatric hospitalizations in Denmark since 1977 and all outpatient visits
since 1995 with mandatory registration by the treating physician;'* (b) the National COPD Registry including all COPD
patients followed in outpatient specialist clinics in Denmark since 2008;'> (c) the National Prescription Registry
including all prescriptions redeemed at pharmacies since 1995 using anatomical therapeutic chemical (ATC) codes;'®
(d) the Civil Registration System for information on vital status, migration and cohabitation,'” and (e) the Cause-of-death
Register.'® Accurate individual linkage between the registries was possible by using the unique 10-digit personal
identification number, assigned to all Danish residents. The study is purely registry-based, and all micro-data is
anonymized, so no informed consent was needed. Data access was approved and delivered by Statistics Denmark
(project number 704702). All analyses were performed at a secure research infrastructure server at Statistics Denmark,
which has been set up to comply with the General Data Protection Regulation (GDPR) and the Danish Data Protection
Agency guidelines for research on sensitive data.

Study Populations

The study base included all patients with COPD >40 years with a visit to a specialized hospital-based clinic for COPD in
2008-2014 (n=90,598). Patients with missing information on mMRC dyspnea score or incomplete registration of clinical
outcome measures in the COPD registry were excluded (sFigure 1). To examine oral corticosteroid (OCS) use as a proxy
for moderate COPD exacerbations, patients with a diagnosis of other conditions for which OCS is frequently prescribed
were excluded (Crohn’s disease [K50], ulcerative colitis [K51], rheumatoid arthritis [M05], emphysema [J43], bronch-
iectasis [J47], cystic fibrosis [E84] or malignancy [C00-97]). Medical history data on OCS-related diagnoses were
retrieved from the National Hospital Registry using ICD-10 codes from nine years prior to index date and current cancer
diagnoses were identified in the 12 months prior to index. The ICD-10 was introduced in 1994 in Denmark and therefore
covered the entire study period.
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Baseline COPD Exacerbations and Dyspnea Score

To identify patients in GOLD group B, we used data available from the registry on the number and severity of COPD
exacerbations in the 12 months prior to index date and data on index mMRC scores (sFigure 2) and combined those, in
accordance with the most recent GOLD definition.'

Moderate exacerbations were captured using the Prescription Registry and defined as short-term use of OCS
(corresponding to redeeming a prescription on a maximum of 20 defined daily doses (DDD) of 25mg prednisolone
[ATC code HO2ABO6] or prednisone [ATC code HO2ABO07]). In Denmark, COPD exacerbations are treated with a daily
Prednisolone dose between 25-37.5 mg (depending on weight, osteoporosis, age etc.) for 5-10 days. If patients collected
more than one package of OCS on the same day, it was only counted as one exacerbation.

Severe exacerbations were identified in the Hospital Registry and defined as hospitalizations or emergency visits with
ICD-10 code J40—44 as primary diagnosis or J13—18 (pneumonia) or J96 (respiratory insufficiency) as primary diagnosis
in combination with a secondary diagnosis J40—44. Recurrent exacerbations within 28 days were combined and
considered as one exacerbation. Patients with both a moderate and a severe exacerbation within 28 days were counted
as having a severe exacerbation with the start date of the exacerbation that occurred first.

Information on dyspnea was obtained by the treating physician or nurse using the mMRC dyspnea scale'® and
recorded in the National COPD Registry with a score ranging from 0 (not troubled by breathlessness except on strenuous
exercise) to 4 (too breathless to leave the house, or breathless when dressing and undressing). The mMRC scores are used
in clinical practice in Denmark and therefore these are available in the COPD Registry in contrast to CAT scores. By
combining data on baseline exacerbations and mMRC scores, patients with mMRC > 2 and zero or one moderate
baseline exacerbation were identified and classified as GOLD B (n=8,453) (sFigure 1) and split into two groups; B0 (zero
baseline exacerbations) and B1 (one moderate baseline exacerbation).

Comorbidity
Charlson Comorbidity Index (CCI)'® was used as a measure of comorbidities and based on diagnoses (ICD-10 codes)
recorded up to 12 months prior to index as part of inpatient and outpatient hospital care.

Study Outcomes

Moderate and severe exacerbations were defined as described above and grouped as 0 exacerbations, 1 moderate
exacerbation, >2 moderate exacerbations, >1 COPD-related hospital visit. All cause-mortality was investigated in each
of the three years after index and over the total 3-year period. Causes of death were reported by main ICD-10 chapters
over the total 3-year follow up period.

Statistical Analyses

Baseline characteristics were described as mean (standard deviation [SD]) for continuous variables and absolute and
relative frequencies for categorical variables. Baseline characteristics were described during the baseline year or at the
date of first mMRC measurement (index date) (sFigure 2). Baseline treatment was defined as respiratory medication
collected during the four months prior to index.

Follow up for moderate exacerbations, severe exacerbations and death started on the day after the index date between
January 1, 2008 and December 31, 2014. Follow up ended on the date of death, emigration, 36 months after index date,
or end of study Dec 31, 2017, whichever occurred first. If a patient had several mMRC measurements during the study
period, the first measurement was used as index. Patients who developed an OCS-related diagnosis were censored from
analyses on the date of diagnosis.

Logistic regression models were applied to estimate odds ratios (OR) with 95% CIs of moderate exacerbation,
severe exacerbation and death in Bl with BO as reference for each year of follow up and adjusted for age, sex,
cohabitation status, comorbidity, BMI and smoking. A cumulated measure of outcomes over the entire three year follow
up was calculated with each patient being categorized according to the most severe event they experienced during
follow up.
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The hazard ratio of exacerbations accounting for recurrent exacerbations was estimated using a Cox proportional
hazards model with 95% confidence intervals and GOLD BO as the reference group. Recurrent events were included in
the model as a covariate. Furthermore, the model was adjusted for age, sex, cohabitation status, comorbidity, BMI and
smoking and death was handled as a competing event using the Fine & Gray method.*’

All analyses were performed using SAS 9.4 TS Level Im5, and all p-values <0.05 were considered statistically
significant.

Results

Overall, 4,545 GOLD B0 patients (mean age 70.1 years, 51.1% male) and 3,908 GOLD B1 patients (mean age 69.9
years, 49.9% male) were included (Table 1). The mMRC score was similar in both groups with more than half of patients
having a score of 2 and approximately 30% and 14% having an mMRC of 3 and 4, respectively (Table 1). 30.3% and
24.7% of patients in GOLD B0 and B1, respectively, did not collect any respiratory medication in the 4 months prior to
index and 15.1% and 15.9% in GOLD B0 and B1 were only treated with one type of medication (Table 1). In GOLD BO,
4.6% collected LAMA/LABA and 33.2% collected triple treatment which was similar in GOLD B1 where 4.9%
collected LAMA/LABA and 37.1% collected triple treatment.

During each year of follow up, the proportion of B0 patients that had no exacerbations were between 32.5-43.9% and
over the entire period 15% of B0 patients remained exacerbation-free (Table 2). For B1 patients the proportion of patients
with no exacerbations in year 1, 2 and 3 were lower - between 24.9-32.9% and only 8% remained exacerbation-free
during all three years. Over the three year follow up 34.1% of BO patients and 24.9% of B1 patients had zero or one
moderate exacerbation. The mean cumulative number of exacerbations during three years of follow up were 3.01 (SD
2.6) in GOLD BO and 3.97 (2.9) in GOLD BI.

In GOLD B0 and B1, 61.9% and 71.2% had a severe trajectory with two or more moderate exacerbations or one or
more severe exacerbations or death (Table 2).

Having one moderate exacerbation in the previous year increased the odds of experiencing a new moderate
exacerbation for each of the following years (Table 3) and over the three year-period the OR of a new moderate
exacerbation in B1 patients was 1.58 (95% CI 1.33-1.87) compared to BO patients adjusting for age, sex, cohabitation
status, comorbidity, BMI and smoking (Figure 1). The same pattern was seen with more than doubled odds for >2
moderate exacerbations and for a severe exacerbation over the three year-period (Figure 1).

Taking recurrent exacerbations into account and adjusting for competing risk of dying, the hazard ratio of any
exacerbation during follow up was still increased in B1 compared with BO (HR 1.21, 1.18-1.25) (Table 4).

Each year, approximately 10% of patients died and over the three years 28.7% of patients died in both groups.
However, the OR of death was 1.85 (95% CI, 1.57-2.17) after three years in GOLD BI compared with BO when
adjusting for age, sex, cohabitation status, comorbidity, BMI and smoking (Table 3). Causes of death were similar in the
two groups with the main cause of death being COPD in both groups (B0, 43.8%; B1, 42.8%), followed by cardiovas-
cular disease and neoplasms (sTable 1). Risk of death increased with higher mMRC score and with decreasing lung
function and highest risk was seen in patients with FEV1 below 30%.

Discussion
In this nationwide cohort study, we showed that despite being low risk categorized as COPD GOLD B at the start of the
study, more than a third of the patients had a severe disease trajectory with multiple moderate and/or severe exacerbations
or death after three years. Among the GOLD B patients with one moderate baseline exacerbation, we demonstrated
increased odds of subsequent moderate and severe exacerbations compared with patients with no exacerbations during
the previous year. Furthermore, one moderate exacerbation during the baseline year was associated with an increased risk
of death. Even when analyzing recurrent exacerbations with adjustment for competing risk of dying, the hazard of
subsequent exacerbations remained significantly increased.

A major goal in the management of COPD is to prevent exacerbations since they are associated with increased morbidity
and mortality." Patients characterized as GOLD B are regarded as a low-risk patient group. The results from the present study
demonstrate that GOLD B is a heterogenous group, in which a large part of patients have a severe disease trajectory or even
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Table | Baseline Characteristics of Patients in GOLD B, Split into GOLD B0 and Bl

GOLD BO GOLD BI P-value
n % n %
Patients 4,545 3,908
Sex
Male 2,323 51.1 1,951 49.9 0.276
Female 2,222 48.9 1,957 50.1
Cohabitation status
Not cohabitating 2,398 52.8 1,918 49.1 <0.001
Cohabitating 2,147 47.2 1,990 50.9
Age (years)
Mean age (SD) 70.1 (10.2) 69.9 (10.2) 0.430
4049 152 33 122 3.1 0.712
50-59 599 13.2 551 14.1
60-69 1,264 27.8 1,100 28.1
70-79 1,683 37.0 1,423 36.4
80+ 847 18.6 712 18.2
mMRC score
2 2,556 56.2 2,143 54.8 0.422
3 1,347 29.6 1,189 304
4 642 14.1 576 14.7
FEV1 (% of predicted)
80+ 185 4.1 127 3.2 0.114
50-79 1,722 37.9 1,436 36.7
3049 1,904 41.9 1,691 43.3
<30 734 l6.1 654 16.7
BMI (kg/m2)
<I8 458 10.1 380 9.7 0.879
18-24 1,609 354 1,373 35.1
25-29 1,328 29.2 1,129 28.9
30-34 728 16.0 644 16.5
35+ 422 9.3 382 9.8
Smoking status
Not current smoker 2,903 63.9 2,519 64.5 0.576
Current smoker 1,642 36.1 1,389 355
Baseline treatment*
No claims 1,376 30.3 966 24.7 <0.001
LAMA 561 12.3 440 11.3
LABA 163 3.6 150 3.8
LABA/ICS 727 16.0 709 18.1
LABA/LAMA 211 4.6 193 4.9
LABA/LAMA/ICS 1,507 332 1,450 37.1
Charlson Comorbidity Index (CCI)
Mean (SD) 0.36 (0.89) 0.36 (0.88) 0.7190

Note: *Medication claimed 4 months prior to index.
Abbreviations: SD, standard deviation; MMRC, modified Medical Research Council; FEVI, forced expired volume in the first second; BMI, body
mass index; LAMA, long-acting muscarinic antagonists; LABA, long-acting beta-agonists; ICS, inhaled corticosteroids.
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Table 2 Frequency of Moderate and Severe Exacerbations and Death During Each Year of Follow Up and Cumulated Number Events
Over All Three Years for GOLD B0 and GOLD BI Patients

Year | Year 2 Year 3 Total Follow Up*
n % n % n % n %
GOLD BO
No exacerbations 1,996 439 1,785 393 1,477 325 681 15.0
| moderate exacerbation 936 20.6 742 16.3 719 15.8 869 19.1
22 moderate exacerbations 502 11.0 470 10.3 398 8.8 619 13.6
2| Severe exacerbation 516 1.4 502 11.0 468 10.3 893 19.6
Dead 501 11.0 912 20.1 1,306 28.7 1,306 28.7
OCS censoring** 94 2.1 134 2.9 177 3.9 177 3.9
GOLD BI
No exacerbations 1,284 329 IL110 28.4 975 24.9 321 8.2
| moderate exacerbation 894 229 742 19.0 619 15.8 653 16.7
22 moderate exacerbations 698 17.9 588 15.0 587 15.0 774 19.8
2| Severe exacerbation 537 13.7 563 14.4 455 1.6 888 22.7
Dead 403 10.3 783 20.0 1,121 28.7 1,121 28.7
OCS censoring 92 24 122 3.1 151 3.9 151 39
p-value <0.001 <0.001 <0.001 <0.001

Notes: *Cumulated number of events over the three years. Events were counted hierarchical, so an individual will count in the group with most severe events (moderate —
severe — dead). **Censoring due to development of an OCS-related diagnosis during follow up (Crohn’s disease [K50], ulcerative colitis [K51], rheumatoid arthritis [M05],
emphysema [J43], bronchiectasis [J47], cystic fibrosis [E84] or malignancy [C00-97]).

Abbreviation: OCS, oral corticosteroid.

Table 3 Odds Ratio (OR) of Exacerbations and Death in GOLD Bl Compared with GOLD BO in Year |, Year 2 and Year 3
Separately and in All Three Years Combined

Year | Year 2 Year 3 Total Follow Up$
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
I moderate 1.48 (1.31-1.66) 1.60 (1.41-1.82) 1.29 (1.12-1.47) 1.58 (1.33-1.87)
>2 moderate 2.13 (1.86-2.44) 2.00 (1.72-2.29) 2.19 (1.88-2.60) 2.60 (2.19-3.08)
2| severe 1.60 (1.39-1.84) 1.80 (1.56-2.08) 1.46 (1.25-1.70) 2.08 (1.76-2.45)
Dead* 1.26 (1.08-1.48) 1.42 (1.24-1.62) 1.32 (1.16-1.49) 1.85 (1.57-2.17)

Notes: Cumulated number of events over the three years. Events were cumulated over the three-year period and counted hierarchical, so an individual with
multiple events counted in the group with most severe events (moderate — severe — dead). All ORs are adjusted for age, sex, cohabitation status, comorbidity, BMI
and smoking. All p-values comparing BO and Bl were <0.05. *The number of dead patients was cumulated for all three years.

die, indicating the need to also look beyond the GOLD classification when deciding for treatment decisions at individual
levels. In clinical practice in the Nordic countries the GOLD classification is utilized not only in the initial phase at diagnosis
but throughout the disease management. COPD has multiple factors associated with increased risk of future exacerbations
and mortality, such as smoking, chronic bronchitis, level of FEV,, dyspnea grade and COPD Assessment Test (CAT)
score,”'** which also should be included in the assessment of treatment for an individual patient.

There is mounting evidence showing the heterogeneity of clinical features and disease course variability in COPD,
and that a single moderate exacerbation in many patients is associated with increased risk of future moderate or severe
exacerbations and death.”'*'** In the ECLIPSE cohort study, only 36% of GOLD B patients remained stable after
a l-year follow-up, 7% and 35% deteriorated to the higher risk categories, C and D respectively, and 22% improved to
GOLD A.'? In the study by Lawrence et al, one quarter of the GOLD B patients progressed to GOLD group D during
a one year follow-up,'® and in a recent long-term study, an almost linear relationship between exacerbation frequency and
mortality was presented, with increased mortality risk already at an average of 0.2 moderate exacerbation per year, ie one
moderate exacerbation every fifth year is associated with increased mortality.”*
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OR, 95% CI

I
|
1 moderate exacerbation (1.58, 1.33 - 1.87) : [N
|
|
|
|
>2 moderate exacerbations (2.60, 2.19 — 3.08) | =
|
|
|
|
>1 severe exacerbation (2.08, 1.76 — 2.45) | B
|
|
|
|
Death (1.85, 1.57 - 2.17) | -
|
|
|
I T T 1
0.5 1 2 3
Odds ratio (OR)

Figure 1 Odds ratio (OR) with 95% CI of exacerbations and death after 3-years follow up in GOLD Bl with GOLD BO as reference. Analyses adjusted for age, sex,
cohabitation status, comorbidity, BMI and smoking.
Abbreviation: OR, odds ratio.

As most patients at some point experience multiple exacerbations, an analysis adjusted for competing risk of death
taking all exacerbations into account showed that the risk of future exacerbations in GOLD B1 remained increased with
21% compared to GOLD BO.

A surprising finding in our hospital-based study is the fact that more than every fourth patient, despite being
symptomatic, did not collect any inhalation medication in the four months prior to inclusion. Furthermore, approximately
15% only collected long-acting bronchodilator monotherapy (LABA or LAMA). These numbers are surprisingly high,
considering the outpatient setting and the dyspnea-score (mMMRC > 2). The low collection could partly be due to poor
adherence to the medication plan resulting in lower use, or medication stockpiling at home, but likely only valid for
a limited number of patients. Alternatively, that patients were diagnosed with COPD for the first time at index and
therefore did not collect medication before that date. However, as the study is hospital-based, this is likely only true for
few patients. It has been shown previously that GOLD B patients to a large extent either do not use any treatment or only
use short- or long acting bronchodilator monotherapy.* ¢ These findings highlight that undertreatment among GOLD
B patients seems to be a major issue as well as a consistent finding across studies. Therefore, more effort is needed to
ensure correct medication and dosing adherence for symptomatic GOLD B patients.

Over the three year follow up, our study showed that the odds ratio of death was 1.85 among GOLD B1 patients
compared with GOLD BO0. Also, the overall mortality of 28.7% is similar to a previous Danish study, reporting a 3-year
all-cause mortality of 23.8% in hospital GOLD B out-patients.?’

The major strengths of this study are the high-quality nationwide registry data and personal identification numbers
allowing accurate linkage of individual data in addition to clinical data such as mMRC scores from the National COPD
Register enabling identification of GOLD B risk patients. However, when interpreting the results, one should be aware
that patients included in this study were identified in a hospital setting. So, even though the study is population-based, it
reflects a more symptomatic GOLD B population compared to patients followed only in primary care. In our study,
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Table 4 Risk of Exacerbation During the Three Year Follow Up, Accounting for Recurrent Events

Hazard Ratio* Lower 5% CI Upper 95% CI P-value

GOLD B group

BO Ref

Bl 1.214 1.181 1.248 <0.001
Age 1.004 1.003 1.006 <0.001
Sex

Male Ref

Female 1.041 1.012 1.071 0.0051
Cohabitation status

Not cohabitating Ref

Cohabitating 1.079 1.050 I.110 <0.001
mMRC symptom score

2 Ref

3 1.055 1.023 1.087 <0.001

4 1.145 1.100 1.191 <0.001
FEVI (% predicted)

80+ Ref

50-79 1.074 0.984 1.173 0.1095

3049 1.265 1.160 1.381 <0.001

<30 1.420 1.297 1.555 <0.001
BMI (kg/m?)

<18 Ref

18-24 0916 0.873 0.961 <0.001

25-29 0.875 0.832 0.920 <0.001

30-34 0.853 0.807 0.901 <0.001

35+ 0.893 0.839 0.951 <0.001
Smoking

Smoking present Ref

Never smoked 0.853 0.807 0.901 <0.001

Smoking earlier 0.893 0.839 0.951 <0.001
Comorbidity (CCI) 1.010 0.994 1.027 0.2306

Note: *Adjusted for age, sex, cohabitation status, comorbidity, BMI and smoking.

Abbreviations: Cl, confidence Interval; mMMRC, modified Medical Research Council; FEVI, forced expired volume in the first second; BMI, body mass index.

approximately 15% in both groups had an mMRC score of 4. One should also note that there were differences in
collection of baseline medication for BO and B1 patients, which may reflect disease severity differences.

Conclusions

We have shown that one moderate exacerbation in GOLD B COPD patients increased the odds of subsequent exacer-
bations and death; and that the increased odds ratio was sustained during the three-year study period. This highlights the
importance of identifying these patients and optimizing the treatment to prevent future negative outcomes. To improve
the current management of COPD, a better risk assessment and a more individualized approach is required. The results

from this study and others may have implications for treatment recommendations to guide therapy in COPD.
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