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Abstract

Introduction Chronic obstructive pulmonary disease

(COPD) exacerbations are associated with systemic con-

sequences. Data from a 4-year trial (Understanding

Potential Long-term Impacts on Function with Tiotropium

[UPLIFT�], n = 5,992) were used to determine risk for

nonlower respiratory serious adverse events (NRSAEs)

following an exacerbation.

Methods Patients with C1 exacerbation were analyzed.

NRSAE incidence rates (incidence rate [IR], per 100

patient-years) were calculated for the 30 and 180 days

before and after the first exacerbation. NRSAEs were

classified by diagnostic terms and organ classes. Maentel-

Haenszel rate ratios (RR) (pre- and postexacerbation onset)

along with 95% confidence intervals (CI) were computed.

Results A total of 3,960 patients had an exacerbation. The

mean age was 65 years, forced expiratory volume in 1 s (FEV1)

was 38% predicted, and 74% were men. For all NRSAEs, the

IRs 30 days before and after an exacerbation were 20.2 and

65.2 with RR (95% CI) = 3.22 (2.40–4.33). The IRs for the

180-day periods were 13.2 and 31.0 with RR (95% CI) = 2.36

(1.93–2.87). The most common NRSAEs by organ class for

both time periods were cardiac, respiratory system (other), and

gastrointestinal. All NRSAEs as well as cardiac events were

more common after the first exacerbation, irrespective of

whether the patient had cardiac disease at baseline.

Conclusions The findings confirm that, after exacerba-

tions, serious adverse events in other organ systems are

more frequent, particularly those that are cardiac in nature.

Keywords Chronic obstructive pulmonary disease �
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Introduction

Exacerbations of chronic obstructive pulmonary disease

(COPD) impair health status [1, 2] and appear to accelerate the

progression of the disease [3]. An exacerbation can lead to

profound symptoms, disrupt the ability to engage in activities

of daily living, and may take several weeks or months to

resolve [4]. Of note, some patients may not fully return to

baseline function following an exacerbation of COPD.

Exacerbations are associated with a considerable early

mortality [5], but the frequency and severity of exacerba-

tions are also associated with long-term mortality, inde-

pendent of age, forced expiratory volume in 1 s (FEV1),

body mass index, and the presence of comorbidities [6].

Comorbidities are common in people with COPD, and they

may be worsened by the occurrence of an exacerbation and
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potentially worsen the severity and impact of the exacer-

bation itself.

The Understanding Potential Long-term Impacts on

Function with Tiotropium (UPLIFT�) trial was designed to

determine the long-term efficacy and safety of tiotropium, a

once-daily, inhaled anticholinergic, in patients with COPD,

with the rate of decline in FEV1 being the primary end point.

Although there was no difference in the rate of FEV1 decline

over the control group, patients receiving tiotropium had

significant improvements in lung function and health-related

quality of life and a reduced risk for exacerbations, associ-

ated hospitalizations, and episodes of respiratory failure, as

well as a reduced all-cause mortality [7].

Patients who participated in the UPLIFT� study were

carefully observed over a period of 4 years, and the

occurrence of exacerbations and adverse events were

recorded throughout the period in which patients were

receiving the study drug. We therefore examined this large

clinical trial database to assess the relationship between

exacerbations and the occurrence of nonrespiratory mor-

bidity recorded as adverse events.

Methods

Details of the UPLIFT� study design and results of the pri-

mary and secondary end points have been reported previ-

ously [7, 8]. All patients gave written informed consent, and

the study was approved by local ethical review boards and

conducted in accordance with the Declaration of Helsinki.

Study Design

The study was a 4-year, randomized, double-blind,

placebo-controlled, parallel-group trial of patients with

COPD. Patients received either tiotropium 18 lg once

daily or a matching placebo delivered via the HandiHaler�

inhalation device (Boehringer Ingelheim International

GmbH, Ingelheim, Germany).

Patients were recruited from 490 investigational centers

in 37 countries. Criteria for participation included diag-

nosis of COPD, age at least 40 years, smoking history of at

least 10 pack-years, postbronchodilator FEV1 B70% of the

predicted normal, and FEV1 B70% of forced vital capacity.

Postrandomization clinic visits occurred at 1 and 3 months

and then every 3 months throughout the 4-year treatment

period. All respiratory medications, other than inhaled

anticholinergics, were permitted during the trial.

Exacerbations

Exacerbations were defined as an increase in or the new

onset of more than one respiratory symptom (cough,

sputum, sputum purulence, wheezing, or dyspnea) lasting

3 days or more and requiring treatment with an antibiotic

or a systemic corticosteroid. Data regarding exacerbations

and related hospitalizations were collected on study-spe-

cific case-report forms at every visit.

Adverse Events

Adverse events, including those deemed serious and fatal,

were coded using the Medical Dictionary for Regulatory

Activities (MedDRA) ver. 11.1. Diagnostic terms are

referred to as preferred terms. These are totaled in higher

categories, including organ systems (referred to as system

organ classes [SOCs]). Additional prespecified categories

of preferred terms were also formed prior to unblinding of

the trial, where several preferred terms described a similar

clinical event. Because numerous categories exist, those

that are representative of major groupings and are of sig-

nificant public health concern have been chosen for dis-

play. An individual patient may contribute several terms

but will be represented only once in a category, such as a

SOC.

Serious adverse events were identified according to the

standard definition: ‘‘A serious adverse event (experience)

or reaction is any untoward medical occurrence that at any

dose: results in death, is life-threatening, requires inpatient

hospitalization or prolongation of existing hospitalization,

results in persistent or significant disability/incapacity, or is

a congenital anomaly/birth defect’’ [9].

Data Analysis

The population included in the current analysis was

restricted to only those patients with an exacerbation of

COPD. Only patients who survived their first exacerbation

(i.e., the investigator indicated resolution of the exacerba-

tion prior to a fatal event, if present) were included in order

to determine the frequency of nonrespiratory events fol-

lowing the onset of an exacerbation.

Serious adverse event incidence rates (IRs) (per 100

patient-years) were calculated for time periods limited to

30 and 180 days before and after the first recorded exac-

erbation (using a standardized definition). In patients who

had more than one exacerbation, the analysis was restricted

to before and after the first exacerbation. IRs were calcu-

lated from the number of patients experiencing an event

divided by the person-years at risk. Maentel-Haenszel rate

ratios (RR) (pre- and postexacerbation onset) were com-

puted along with the associated 95% confidence interval

(CI). Only people who remained exacerbation-free for at

least 30 or 180 days were included in the analyses. Events

occurring on the same day as the onset of the exacerbation

were included in the ‘‘after’’ period as they were
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considered to be related to the occurrence of the exacer-

bation. The IRs and RRs for nonlower respiratory serious

adverse events (NRSAEs) were also calculated separately

for patients who did or did not have a cardiac disorder

present at entry into the study.

In order to examine the influence of season on the

relationship between exacerbations and subsequent adverse

events, the IRs and RRs before and after the first exacer-

bation were calculated separately according to whether the

first exacerbation occurred in the winter (October–March

for northern hemisphere countries and April–September for

southern hemisphere countries) or summer period. For this

analysis, each patient was included in the preexacerbation

period for as long as he/she did not experience an exac-

erbation or the occurrence of the respective adverse event.

Each patient was included in the postexacerbation period,

starting with the onset of the first exacerbation and for as

long as they were in the study until 30 days after treatment

or the occurrence of the respective adverse event.

Results

Study Population

The UPLIFT� population consisted of 5,992 randomized

patients who received the study drug (3,006 to placebo and

2,986 to tiotropium). The baseline demographics have been

previously reported [7]. The mean age was 65 ± 8 years,

75% of the patients were men, and 30% were smoking

at randomization. Mean prebronchodilator FEV1 was

1.10 ± 0.40 L (39% predicted) and postbronchodilator

FEV1 was 1.32 ± 0.44 L (48% predicted). Approximately

45% of the control population prematurely discontinued

placebo compared with 36% of patients treated with tiot-

ropium. At baseline, approximately 62% of patients used

an inhaled steroid, 60% used a long-acting b-agonist, and

23% used theophylline-containing preparations. Serious

adverse events were reported by 52% in the tiotropium

group and 50% in the placebo group [7]. Serious adverse

events reported by more than 1% of patients in either study

group were cardiac, respiratory, or neoplastic [7].

A total of 3,960 patients had a nonfatal exacerbation

during the 4-year follow-up period. Table 1 shows the

baseline characteristics of patients who had an exacerba-

tion. Serious adverse events were reported by 52% in the

tiotropium group and 50% in the placebo group [7].

The IRs (per 100 patient-years) and incidence RRs for

30 days before and after the first exacerbation for the

NRSAEs by organ class where at least five people expe-

rienced an event are shown in Table 2 (sorted by the IR in

the postexacerbation period). The most common prespec-

ified adverse event categories where at least five people

experienced the event during this time period are also listed

in Table 2. Cardiac disorders and gastrointestinal (GI)

disorders were the most commonly occurring serious

nonrespiratory adverse event organ classes. In all organ

classes, the RR (i.e., risk) of an event was higher after an

exacerbation. For five of these 13 organ classes affected,

the lower limits of the 95% CI exceeded ‘‘1.’’ Cardiac

failure, ischemic heart disease, myocardial infarction (MI),

angina, atrial fibrillation/flutter, and stroke were the most

common prespecified events overall. For all nine of the

categories, the risk of an event was again higher after an

exacerbation, and for four of these categories (all cardiac),

the lower limits of the 95% CI for the RR exceeded ‘‘1.’’

The IRs (per 100 patient-years) and incidence RRs for

180 days before and after the first exacerbation for the

NRSAEs by organ class where at least 10 people experi-

enced an event during the period are shown in Table 3

(sorted by the IR in the postexacerbation period). Cardiac

disorders and GI disorders were again the most commonly

occurring serious nonrespiratory adverse event organ

classes. In all organ classes, the risk of an event was higher

after an exacerbation. For seven of these 11 organ classes

Table 1 Baseline characteristics of patients who had an exacerbation

(N = 3,960)

Age (years) 64 (8)

Male (%) 74

Prebronchodilator FEV1 (L) 1.07 (0.39)

Postbronchodilator FEV1 (L) 1.29 (0.43)

Prebronchodilator FEV1 (% predicted) 38 (12)

Postbronchodilator FEV1 (% predicted) 47 (13)

Prebronchodilator FVC (L) 2.60 (0.81)

FEV1/FVC 0.42 (0.10)

GOLD stage (%)

II 43

III 46

IV 9

BMI (kg/m2) 26 (5)

Current smokers (%) 29

Smoking history (pack-years) 49 (28)

COPD duration (years) 10 (7)

Baseline LABA (%) 64

Baseline ICS (%) 65

Baseline ICS ? LABA (%) 53

Baseline anticholinergic (%) 46

SGRQ total score, units 47 (17)

Data are mean (SD) (where shown)

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity,

GOLD Global Initiative for Chronic Obstructive Lung Disease, BMI
body mass index, COPD chronic obstructive pulmonary disease,

LABA long-acting b-agonist, ICS inhaled corticosteroid, SGRQ
St. George’s Respiratory Questionnaire
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affected, the lower limits of the 95% CI for the RR

exceeded ‘‘1.’’ Cardiac failure, ischemic heart disease, MI,

angina, atrial fibrillation/flutter, and stroke were again the

most common prespecified events overall. For all six of the

common events, the risk of an event was higher after an

exacerbation, and for five of these categories (all cardiac),

the lower limits of the 95% CI for the RR exceeded ‘‘1.’’

The IRs and RRs for NRSAEs in the 30 and 180 days

before and after the first exacerbation according to whether

patients did or did not have a cardiac disorder present at

entry to the study are shown in Tables 4 and 5. Overall

serious adverse events were more common in people who

had cardiac disease at baseline. Ischemic heart disease, MI,

angina, cardiac failure, atrial fibrillation/flutter, nonven-

tricular tachycardia, and stroke were all more common in

the 30- and 180-day periods after an exacerbation than

before, irrespective of the presence of cardiac disease at

baseline. In people who did not have cardiac disease at

entry to the study, the lower limits of the 95% CI exceeded

‘‘1’’ only for ischemic heart disease and cardiac failure for

the 30-day period and for ischemic heart disease, MI,

angina, and cardiac failure for the 180-day period.

The IRs and RRs before and after the first exacerbation

for first exacerbations that occurred in the winter and

Table 2 IRs and RRs 30 days before and after the first exacerbation for the most common NRSAEs by SOC and prespecified adverse event

category (N C 5 in either category) (N = 3,512 for patients in the analysis)

Before exacerbation After exacerbation Incidence RR (95% CI)

N IRa N IRa

SOC

Total 58 20.2 181 65.2 3.22 (2.40–4.33)

Cardiac 8 2.78 75 26.4 9.52 (4.59–19.7)

Respiratory system (other)b 6 2.08 28 9.77 4.69 (1.94–11.3)

Gastrointestinal 15 5.21 18 6.26 1.20 (0.61–2.39)

General and administration sitec 5 1.73 14 4.86 2.80 (1.01–7.79)

Nervous system 7 2.43 14 4.87 2.00 (0.81–4.96)

Infections and infestationsd 2 0.69 13 4.52 6.51 (1.47–28.9)

Vascular 0 0 12 4.17 NE

Respiratory system (upper)b 2 0.69 10 3.48 5.01 (1.10–22.9)

Neoplasms (not lung)d 3 1.04 6 2.08 2.00 (0.50–8.00)

Psychiatric disorders 3 1.04 6 2.08 2.00 (0.50–8.00)

Metabolism and nutrition 3 1.04 6 2.08 2.00 (0.50–8.00)

Injury, poisoning, procedural 2 0.69 5 1.73 2.50 (0.49–12.9)

Renal and urinary 2 0.69 5 1.73 2.50 (0.49–2.9)

Prespecified adverse event category

Cardiac failure 2 0.69 28 9.77 14.08 (3.36–59.1)

Ischemic heart disease 5 1.73 23 8.01 4.62 (1.76–12.2)

Atrial fibrillation/flutter 1 0.35 17 5.92 17.06 (2.27–128)

MI 1 0.35 13 4.52 13.04 (1.71–99.7)

Angina 4 1.39 11 3.82 2.75 (0.88–8.65)

Stroke 2 0.69 9 3.12 4.51 (0.97–20.86)

Upper respiratory tract infection 1 0.35 7 2.43 7.01 (0.86–57.00)

Non-ventricular tachycardia, including SVT 0 0 7 2.43 NE

Body temperature increased 2 0.69 6 2.08 3.00 (0.61–14.87)

IR incidence rate, RR rate ratio (after/before), NRSAE nonlower respiratory serious adverse event, CI confidence interval, SOC system organ

class, NE not estimable as pre-exacerbation IR = 0, MI myocardial infarction, SVT supraventricular tachycardia, MedDRA Medical Dictionary

for Regulatory Activities
a IR per 100 patient-years
b All primary SOCs are defined by MedDRA with the exception of ‘‘Respiratory, thoracic, and mediastinal disorders,’’ which has been divided

into separate classes of respiratory system disorders: Lower, Upper, and Other
c SOC ‘‘General disorders and administration site conditions’’ includes the cardiac preferred terms chest discomfort, chest pain, edema

peripheral, sudden death, edema due to cardiac disease, and cardiac death
d Preferred terms with a secondary relationship to MedDRA SOC respiratory, thoracic, and mediastinal disorders are not included
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summer periods are shown in Table 6. The CIs of the RRs

(before/after an exacerbation) for the two periods over-

lapped, indicating that the relationship between adverse

events and exacerbations did not differ according to whe-

ther the exacerbation occurred in the summer or winter.

Discussion

The UPLIFT� trial was designed to assess the effect of

tiotropium on the clinical course of patients with COPD

who were permitted to use all respiratory medications

throughout the trial, other than inhaled anticholinergics.

The study showed that use of tiotropium was associated

with improvements in lung function and quality of life and

a reduction of 14% in the risk for an exacerbation

(p \ 0.001) [7]. The incidence of serious adverse events

was also lower in patients receiving tiotropium.

In addition to providing data on the clinical effects of

tiotropium, the UPLIFT� study provided information on

the relationship between exacerbations and NRSAEs. The

results of this analysis show that exacerbations were

associated with an increased risk of serious events in other

organ systems, most commonly cardiac. This was true in

both patients treated with tiotropium and those receiving

the placebo in addition to their usual medication, and in

patients who did or did not have cardiac disease at entry to

the study.

A previous smaller observational study of the temporal

relationship between exacerbations and cardiovascular

events using the Health Improvement Network database

suggested a 2.3-fold increase in the risk of a MI 1-5 days

after an exacerbation; however, there did not appear to be

an association at any other time following an exacerbation.

The risk for stroke was increased by 1.3-fold within

1-49 days following an exacerbation [10].

Table 3 IRs and RRs 180 days before and after the first exacerbation for the most common NRSAEs by SOC and prespecified adverse event

category (N C 10 in either category) (N = 2,289 for patients in the analysis)

Before exacerbation After exacerbation Incidence RR (95% CI)

N IRa N IRa

SOC

Total 144 13.2 304 31.0 2.36 (1.93–2.87)

Cardiac 28 2.50 104 10.1 4.03 (2.65–6.11)

Respiratory system (other)b 8 0.71 48 4.57 6.43 (3.04–13.6)

Gastrointestinal 25 2.23 35 3.32 1.49 (0.89–2.49)

Neoplasms (not lung)c 23 2.05 28 2.65 1.29 (0.74–2.24)

Vascular 9 0.80 26 2.46 3.08 (1.44–6.56)

Infections and infestationsc 10 0.89 24 2.27 2.55 (1.22–5.34)

Nervous system 13 1.15 23 2.18 1.89 (0.95–3.72)

General and administration sited 8 0.71 22 2.08 2.93 (1.30–6.58)

Renal and urinary 5 0.44 14 1.32 2.98 (1.07–8.27)

Injury, poisoning, procedural 10 0.89 13 1.23 1.38 (0.61–3.15)

Metabolism and nutrition 2 0.18 10 0.94 5.32 (1.17–24.3)

Prespecified adverse event category

Cardiac failure 4 0.35 40 3.80 10.71 (3.83–29.9)

Ischemic heart disease 12 1.07 32 3.04 2.85 (1.47–5.54)

Atrial fibrillation/flutter 4 0.36 25 2.37 6.66 (2.32–19.14)

Angina 7 0.62 20 1.89 3.05 (1.29–7.20)

MI 5 0.44 15 1.42 3.20 (1.16–8.79)

Stroke 6 0.53 13 1.23 2.31 (0.88–6.06)

IR incidence rate, RR rate ratio (after/before), NRSAE nonlower respiratory serious adverse event, SOC system organ class, CI confidence

interval, MI myocardial infarction, MedDRA Medical Dictionary for Regulatory Activities
a IR per 100 patient-years
b All primary system organ classes are defined by MedDRA with the exception of ‘‘Respiratory, thoracic, and mediastinal disorders,’’ which has

been divided into separate classes of respiratory system disorders: Lower, Upper, and Other
c Preferred terms with a secondary relationship to MedDRA SOC respiratory, thoracic, and mediastinal disorders are not included
d SOC ‘‘General disorders and administration site conditions’’ includes the cardiac preferred terms chest discomfort, chest pain, edema

peripheral, sudden death, edema due to cardiac disease, and cardiac death
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Exacerbations may be triggered by bacteria, viruses, and

noninfective stimuli such as air pollution. These stimuli

appear to amplify the inflammatory process present in the

stable state [11]. Exacerbations increase the level of sys-

temic inflammation [12, 13] and oxidative stress [14, 15],

which can have adverse effects on other organs. For

example, troponin T is elevated during exacerbations and is

associated with increased mortality [16]. Similarly, renal

endothelin-1 production is increased during exacerbations

[17], which may underpin some of the vascular conse-

quences of exacerbations. There is an increased

prothrombotic state in patients with COPD during acute

exacerbations, as shown by increased circulating fibrinogen

levels [12], and there is evidence of increased endothelial

dysfunction during and after exacerbations of COPD [18],

increasing the risk of cardiovascular morbidity.

It is also possible that the factors that lead to exacer-

bations may also have systemic consequences. MIs, pul-

monary emboli, and venous thromboses are significantly

more common immediately after respiratory infections

[19], which are associated with peripheral acute-phase

responses, including the production and release of TNF-a,

Table 4 IRs and RRs 30 days before and after the first exacerbation for cardiovascular NRSAEs by selected prespecified adverse event category

according to presence or absence of cardiac disorders at baseline

Prespecified adverse event categorya Cardiac disorder present at baseline (N = 917) Cardiac disorder absent at baseline (N = 2,595)

Before

exacerbation

After

exacerbation

Incidence RR

(95% CI)

Before

exacerbation

After

exacerbation

Incidence RR

(95% CI)

N IRb N IRb N IRb N IRb

All 27 36.3 68 95.4 2.63 (1.68–4.11) 31 14.6 113 54.8 3.75 (2.52–5.58)

Ischemic heart disease 3 3.99 10 13.4 3.36 (0.92–12.2) 2 0.94 13 6.12 6.52 (1.47–28.9)

MI 1 1.33 5 6.67 5.02 (0.59–43.0) 0 0 8 3.76 NE

Angina 2 2.66 5 6.67 2.51 (0.49–12.9) 2 0.94 6 2.82 3.00 (0.61–14.9)

Cardiac failure 1 1.33 12 16.1 12.1 (1.58–93.2) 1 0.47 16 7.54 16.1 (2.13–121)

Atrial fibrillation/flutter 1 1.33 10 13.4 10.1 (1.29–78.8) 0 0 7 3.29 NE

Nonventricular tachycardia, including SVT 0 0 3 3.99 NE 0 0 4 1.88 NE

Stroke 0 0 3 3.99 NE 2 0.94 6 2.82 3.00 (0.61–14.9)

IR incidence rate, RR rate ratio (after/before), NRSAE nonlower respiratory serious adverse event, CI confidence interval, MI myocardial

infarction, NE not estimable as pre-exacerbation IR = 0, SVT supraventricular tachycardia, MedDRA Medical Dictionary for Regulatory

Activities
a Preferred terms with a secondary relationship to MedDRA SOC
b IR per 100 patient-years

Table 5 IRs and RRs 180 days before and after the first exacerbation for cardiovascular NRSAEs by selected prespecified adverse event

category according to presence or absence of cardiac disorders at baseline

Prespecified adverse event categorya Cardiac disorder present at baseline (N = 578) Cardiac disorder absent at baseline (N = 1,711)

Before

exacerbation

After

exacerbation

Incidence RR

(95% CI)

Before

exacerbation

After

exacerbation

Incidence RR

(95% CI)

N IRb N IRb N IRb N IRb

All 60 22.3 112 46.9 2.11 (1.54–2.88) 84 10.2 192 25.9 2.54 (1.97–3.28)

Ischemic heart disease 8 2.82 16 6.05 2.14 (0.92–5.01) 4 0.47 16 2.03 4.28 (1.43–12.8)

MI 3 1.05 6 2.24 2.13 (0.53–8.51) 2 0.24 9 1.14 4.80 (1.04–22.2)

Angina 5 1.76 11 4.12 2.34 (0.81–6.73) 2 0.24 9 1.14 4.80 (1.04–22.2)

Cardiac failure 3 1.06 19 7.17 6.79 (2.01–22.9) 1 0.12 21 2.67 22.5 (3.02–167)

Atrial fibrillation/flutter 2 0.70 18 6.78 9.62 (2.23–41.5) 2 0.24 7 0.88 3.73 (0.77–17.9)

Nonventricular tachycardia, including SVT 1 0.35 2 0.74 2.12 (0.19–23.3) 2 0.24 5 0.63 2.66 (0.52–13.7)

Stroke 3 1.06 5 1.86 1.76 (0.42–7.38) 3 0.36 8 1.01 2.84 (0.75–10.7)

IR incidence rate, RR rate ratio (after/before), NRSAE nonlower respiratory serious adverse event, CI confidence interval, MI myocardial

infarction, SVT supraventricular tachycardia, MedDRA Medical Dictionary for Regulatory Activities
a Preferred terms with a secondary relationship to MedDRA SOC
b IR per 100 patient-years
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IL-6, and CRP. Particulate air pollution may also trigger a

systemic inflammatory response by inducing oxidative

stress in the airways [20].

In addition to the fact that exacerbations may worsen the

systemic effects of COPD, the presence of systemic effects

or comorbidities may also worsen the severity of an

exacerbation and lead to worse outcomes. In order to study

the effect of exacerbations on these effects it is important

to have prospective data from large cohorts such as the

UPLIFT� trial. The data provide important evidence for

the relationship between exacerbations and serious nonre-

spiratory outcomes, although they cannot prove causality.

The conclusions are strengthened by the duration of the

study and the use of a standardized definition of an exac-

erbation. Nevertheless, there are still some potential limi-

tations to the analysis. It could be argued that the patients

who took part were selected for involvement in a clinical

trial and therefore may not be fully representative of

patients seen in practice, particularly with regard to disease

severity and the presence of comorbidities. However, the

inclusion and exclusion criteria were relatively liberal and

recruitment included a broad selection of COPD patients

with multiple comorbidities.

Time-based analyses are potentially subject to biases,

such as the need to survive long enough to be included in

the analysis, and these need to be considered when inter-

preting the results. Events occurring on the same day as the

onset of the exacerbation were included in the ‘‘after’’ and,

although it is possible that the adverse event in the other

organ system triggered the COPD exacerbation, we believe

that it is unlikely from a clinical perspective that an

exacerbation would be regarded as starting on the same

day. It is more likely it would be reported as starting after

the nonrespiratory adverse event.

Another possible confounder is the potential for detec-

tion bias as a result of additional tests being ordered as part

of an evaluation for an exacerbation or the possibility that

other medical conditions are identified when the patients

are admitted to hospital with an exacerbation. These factors

are likely to have only a limited role given that the current

analysis is based on serious adverse events and not con-

comitant nonserious events that may be incidental findings

as part of a broader medical evaluation. The frequency of

hospitalization is too low to allow a meaningful analysis of

differences in the occurrence of adverse events after hos-

pitalized and nonhospitalized exacerbations. Finally, it is

also possible that the treatment given to the patient at the

time of the exacerbation may have led to the development

of the adverse event.

In addition to the difficulty of proving a causal link,

there are other limitations to the analysis of the relationship

between exacerbations and systemic effects. To be recor-

ded as a serious adverse event, the systemic effect must

lead to death or be judged life-threatening, have required

inpatient hospitalization or prolongation of existing hos-

pitalization, or result in persistent or significant disability/

Table 6 Patients with serious adverse events (other than lower respiratory tract disorders) before and after the first exacerbation in summer and

winter—incidence RRs (after/before) adjusted for time at risk by SOC

SOC Summer (N = 1,535) Winter (N = 2,425)

All 1.39 (1.17–1.64) 1.75 (1.52–2.02)

Cardiac 2.12 (1.46–3.08) 2.06 (1.55–2.74)

Gastrointestinal 0.95 (0.63–1.43) 1.76 (1.20–2.58)

General and administration sitea 1.46 (0.81–2.65) 2.62 (1.57–4.39)

Infections and infestationsb 1.92 (1.06–3.51) 2.12 (1.33–3.40)

Injury, poisoning, procedural 2.37 (1.17–4.81) 1.63 (1.02–2.58)

Metabolism and nutrition 1.25 (0.56–2.78) 1.51 (0.68–3.32)

Neoplasms (not lung)b 1.45 (0.94–2.24) 1.34 (0.94–1.91)

Nervous system 1.10 (0.67–1.82) 1.75 (1.13–2.72)

Renal and urinary 3.64 (1.30–10.3) 1.60 (0.85–3.04)

Respiratory system (other)c 2.35 (1.24–4.47) 3.58 (2.19–5.84)

Respiratory system (upper)c 1.41 (0.52–3.83) 2.02 (0.94–4.34)

Vascular 2.44 (1.15–5.17) 2.05 (1.25–3.36)

Values are incidence RR (95% CI)

RR rate ratio (after/before), SOC system organ class, CI confidence interval, MedDRA Medical Dictionary for Regulatory Activities
a SOC ‘‘General disorders and administration site conditions’’ includes the cardiac preferred terms chest discomfort, chest pain, edema

peripheral, sudden death, edema due to cardiac disease, and cardiac death
b Preferred terms with a secondary relationship to MedDRA SOC respiratory, thoracic, and mediastinal disorders are not included
c All primary system organ classes are defined by MedDRA with the exception of ‘‘Respiratory, thoracic, and mediastinal disorders,’’ which has

been divided into separate classes of respiratory system disorders: Lower, Upper, and Other
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incapacity. While this could be considered restrictive, the

advantage is that only the most clinically important events

are part of the definition.

In conclusion, this analysis confirms that besides wors-

ening respiratory outcomes, the risk of systemic events is

increased after exacerbations, particularly shortly after the

event. It further reinforces the importance of preventing or

reducing exacerbation rates as an aim of COPD manage-

ment. Treating physicians must also be vigilant for con-

comitant disease in other organ systems which may follow

an exacerbation. Increased awareness and prompt treatment

may contribute to reductions in morbidity associated with

COPD.
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