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ABSTRACT  Exacerbations are among the major factors that may affect the natural history of chronic
obstructive pulmonary disease (COPD). The aim was to investigate the clinical characteristics and
determinants of COPD exacerbations in our 5-year observational cohort study which had a very low
exacerbation frequency.

A total of 279 patients with COPD participated in the Hokkaido COPD cohort study, and 268 subjects
who had clinical data for multiple visits were analysed. Exacerbation was defined in multiple ways: the
patient’s subjective complaint, symptom definition, requiring prescription change, requiring antibiotic
treatment, or requiring hospital admission.

Exacerbation frequency (events per person per year) was 0.78 +1.16, 0.24 +0.47, 0.20 +0.43, 0.13+0.28
and 0.06+0.19 for subjective complaint and symptom, prescription, antibiotic and hospital admission
definitions, respectively. Exacerbation events did not significantly affect the annual decline in forced
expiratory volume in 1 s. A high St George’s Respiratory Questionnaire total score, especially activity score,
and a low body mass index were strongly associated with exacerbation-free survival, exacerbation frequency
and development of recurrent exacerbations.

Despite the low exacerbation frequency in our cohort, impaired health-related quality of life and weight
loss were found to be independent risk factors for COPD exacerbations.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by persistent airflow limitation that is
usually progressive, and is a leading cause of morbidity and mortality worldwide [1]. Exacerbations of
COPD are an acute event characterised by a worsening of respiratory symptoms, and are very important in
the clinical course of COPD as they are associated with poor quality of life (QoL), increased mortality and
high socioeconomic costs [1-3]. Recently, HURST et al. [4] reported that patients who have frequent
exacerbations belong to a clinically stable phenotype that is susceptible to further exacerbations. Therefore,
it would be critical to determine the clinical characteristics and predictors of exacerbations for better
management of COPD patients.

The Hokkaido COPD cohort study is a carefully designed, multicentre, observational cohort that primarily
aims to examine the annual decline in forced expiratory volume in 1 s (FEV1) over a period of 5 years based
on clinical phenotypes in patients with smoking-related COPD [5, 6]. We have already reported that the
rate of annual change in FEV1 was highly variable among patients with COPD and was not associated with
exacerbation frequency [6]. A unique finding of our cohort study was that the exacerbation frequency was
much lower than the previous large-scale clinical trials [6]. However, the characteristics and risk of
exacerbations in a population with such low exacerbation frequency have not yet been clarified. In this
study, the clinical characteristics and determinants of COPD exacerbations were examined in our 5-year
observational cohort.

Methods

Participants

The recruitment of the COPD patients has been described previously [5, 6]. Briefly, 330 subjects with
respiratory physician-diagnosed COPD were recruited at Hokkaido University Hospital (Sapporo, Japan)
and nine affiliated hospitals from May 2003 to May 2005. All were aged >40 years and were either current
or former smokers with a smoking history of at least 10 pack-years. Subjects with clinically diagnosed
asthma were excluded. 30 subjects were excluded due to consent withdrawal, or were ineligible for inclusion
before visit 1, and a total of 300 subjects were followed. During the first year of follow-up, the diagnosis of
COPD was reconfirmed in 279 subjects based on the spirometric criteria of the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines (post-bronchodilator FEV1/forced vital capacity <0.70) [1],
and the subjects were eligible for subsequent follow-up. In this study, 268 subjects (26% GOLD 1, 45%
GOLD 2, 24% GOLD 3 and 5% GOLD 4) who had clinical data for multiple visits were analysed. Of the 268
subjects, 184 (69%) completed a 5-year follow-up period. The reasons for dropout from the initial 279
subjects have been described previously [6]. The median follow-up period was 4.97 years. Characteristics of
subjects classified by severity of airflow limitation are shown in table 1. The Ethics Committee of Hokkaido
University School of Medicine approved the study protocol, and written, informed consent was obtained
from all participants.

Study protocol

The details of the study protocol for the Hokkaido COPD cohort study have been described elsewhere
[5, 6]. Most subjects, except for those in GOLD 1, visited outpatient clinics at each hospital monthly or
bimonthly for regular clinical check-ups (table S1). On the first visit, demographic information, including
sex, age, height, weight, smoking history, medical history and medications, and information on pulmonary
symptoms were collected. Every 6 months any changes in smoking status, medical history and
pharmacotherapy were monitored. Health-related QoL was assessed by St George’s Respiratory
Questionnaire (SGRQ) [7] every year, and blood was also sampled every year for measurements of
circulating blood cell counts, serum IgE and C-reactive protein. Spirometry was performed before and after
inhalation of a bronchodilator on every visit. Chest computed tomography (CT) scans were performed in
the supine position with breath held at full inspiration. Severity of emphysema was visually assessed by three
independent pulmonologists according to the modified Goddard scoring system [5, 6, 8].

Assessment of exacerbation

In order to collect exacerbation information, prepaid reply postcards were sent each month to all
participants. Replies were received from almost all participants (reply rate >99%). The questionnaire items
on the postcard are described in the online supplementary material. If exacerbation was suspected,
information was always reconfirmed by telephone interview and/or by the medical charts of subjects when
they visited the clinic. In addition, the subjects’ medical records were periodically checked, and attending
physicians were asked about the subjects’ conditions when necessary.

Exacerbation of COPD was defined in the following ways: 1) patient’s subjective complaint by prepaid reply
postcard (any clinical symptoms that did not meet symptom definition criteria); 2) worsening or new onset
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TABLE 1 Characteristics of subjects classified by severity of airflow limitation

All subjects GOLD 1 GOLD 2 GOLD 3 GOLD 4

Subjects n 268 69 121 65 13
Age years 70+8 67+8 70+8 72+6 70+8
Females 15 (6) 9 (13) 6 (5) 0 (0) 0 (0)
Body mass index kg-m™ 22+3 23+3 23+3 21+3 21+4
Current smoker at entry 74 (28) 20 (29) 39 (32) 10 (15) 5 (38)
Smoking index at entry pack-years 62430 63+34 62430 64425 55422
Post-bronchodilator

FEV1 L 1.75+0.67 2.55+0.43 1.76 +0.41 1.11+0.19 0.70+0.14

FEV1 % predicted 65422 93+ 11 6549 4245 26+4

FVC % predicted 101+19 118+13 100+ 14 90+ 14 70+20

FEV1/FVC 0.5140.13 0.64+0.06 0.5340.08 0.384-0.07 0.3140.07
Reversibility of FEV1 % 12+10 6+5 1248 17+13 14+11
Reversibility of FEV1 mL 146 +105 124+88 1624101 153+127 86+66
Chronic bronchitis 29 (11) 2 (3) 15 (12) 11(17) 1(8)
MRC dyspnoea score >2 224 (84) 47 (68) 102 (84) 62 (95) 13 (100)
SGRAQ total score 32418 23+14 304+17 41416 51+ 14
Blood neutrophil count cells-mm™ 3519+ 1113 3597+ 1220 3421+ 1155 35804975 37134733
Blood eosinophil count cells-mm™ 198+ 134 185+ 130 211+137 184+128 218+ 152
Blood haemoglobin g-dL™ 1441 1441 14+1 1441 1441
Serum IgE 1U-mL"’ 2134569 278+ 764 251+ 606 88+ 106 140+ 158
Any cardiovascular disease 60 (22) 12 (17) 27 (22) 17 (26) 4 (31)
Ischaemic heart disease 19 (7) 5 (7) 9 (7) 5 (8) 0 (0)
Diabetes 12 (4) 3 (4) 7 (6) 2 (3) 0 (0)

Data are presented as mean+sb or n (%), unless otherwise stated. GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV1: forced
expiratory volume in 1 s; FVC: forced vital capacity; MRC: Medical Research Council; SGRQ: St George’s Respiratory Questionnaire.

DOI: 10.1183/09031936.00110213

of either two major symptoms (increased dyspnoea, change in sputum purulence or increased sputum
volume) or any one major symptom plus any minor symptoms (fever, increased cough or wheezing)
compared with baseline (symptom definition); 3) symptom criteria plus requiring prescription change
(prescription definition); 4) symptom criteria plus antibiotic treatment (antibiotic definition); and
5) symptom criteria plus hospital admission (admission definition). Radiologically proven pneumonia was
not excluded from exacerbation events as many patients with severe exacerbation are examined by CT scan
in Japan and bronchopneumonia is often detected even if chest radiography is almost normal.

Statistical analysis

Details of statistical analysis are available in the online supplementary material. Differences among the
groups were analysed using the t-test, the Mann—Whitney U-test or the Chi-squared test, where appropriate.
Bivariate correlations were analysed using Spearman’s rank correlation coefficient. Factors associated with
exacerbation-free survival were analysed using a Cox proportional hazards model and the Kaplan—Meier
method with the log-rank test. Factors associated with exacerbation frequency were analysed using a
Poisson regression model. Factors associated with recurrent exacerbation were analysed using the Prentice,
Williams and Peterson (PWP) total time model that is based on the Cox proportional hazards model for
recurrent event data [9]. Here, the total time refers to the time interval from time origin 0 to the occurrence
of each event. Significant variables in univariate models were included simultaneously in a multivariate
model. Statistical significance was defined as p<<0.05.

Results

The cumulative number of exacerbation events and the number of subjects who experienced exacerbations
during the follow-up period differed depending on the definition criteria (fig. 1). Indeed, the number of
exacerbation events became much lower compared to the number of patients’ subjective complaints when
symptoms were carefully confirmed. There were 16 (6.6%) out of 243 exacerbation events that were not
picked up by subjective complaint in the postcard but by confirmation of symptoms and prescription
changes by interview and/or medical records. COPD exacerbation frequency (events per person per year)
during the follow-up period was 0.78+1.16, 0.24+0.47, 0.20+0.43, 0.13+0.28 and 0.06+0.19 for
subjective complaint and symptom, prescription, antibiotic and admission definitions, respectively. The
exacerbation frequency was higher in subjects with severe airflow limitation (GOLD 3-4) than in those with
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mild airflow limitation (GOLD 1-2) (table 2). There were very few subjects who experienced >2
exacerbations per year (only three subjects by symptom or prescription definitions and none of the subjects
by antibiotics or admission definitions). Subjects who experienced at least one exacerbation during the
follow-up period had lower lung function, more dyspnoea and higher SGRQ total score (i.e. impaired
health-related QoL) compared to subjects who had no exacerbation (table S2). Among subjects who
experienced at least one exacerbation, 50% of subjects by symptom definition, 48% by prescription
definition, 42% by antibiotics definition and 25% by admission definition developed multiple exacerbation
events during the follow-up period (recurrent exacerbation). The number of exacerbation events was higher
in the spring (March to June) and autumn (October to November) (fig. 2).

Subjects who experienced exacerbations within the first year of follow-up had more frequent exacerbations
after the first year of follow-up (fig. 3), which confirmed the recurrent nature of COPD exacerbations.
However, the annual decline in FEV1 was not affected by exacerbation, regardless of its definition and the
degree of airflow limitation (fig. S1), whereas subjects who experienced more than one exacerbation defined
by admission criteria per year tended to show a more rapid FEV1 decline compared to subjects with less
exacerbations (p=0.07) (fig. S2). There was no significant correlation between the annual decline in FEV1
and exacerbation frequency at any definition (data not shown).

A multivariate Cox proportional hazards model showed that low body mass index (BMI) and high SGRQ total
score were significant and independent predictors for the early development of the first exacerbation event
defined as both prescription change and hospital admission (table 3 and tables S3 and S4), and Kaplan—Meier
curves for the classification groups by BMI and SGRQ total score were clearly separated (fig. 4).

The multivariate Poisson regression model showed that low BMI, high SGRQ total score, low FEV1 and low
haemoglobin were significantly associated with exacerbation frequency defined as prescription change, and
low BMI and high SGRQ total score were significantly associated with exacerbations defined as hospital

TABLE 2 Exacerbation frequency classified by severity of airflow limitation

All subjects GOLD 1 GOLD 2 GOLD 3 GOLD 4

Subjects 268 69 121 65 13
Exacerbation events per person per year

Subjective complaint 0.78+1.16 0.58+0.79 0.63+0.94 1.0941.51%% 1.80+1.86* %

Symptom definition 0.24+0.47 0.16+0.29 0.16+0.27 0.3740.57*# 0.81+1.15%#

Prescription definition 0.20+0.43 0.12+0.26 0.14+0.25 0.30+0.49*# 0.77 +1.13% %1

Antibiotics definition 0.13+0.28 0.09+0.23 0.09+0.22 0.2040.35%# 0.37+0.42%*

Admission definition 0.06+0.19 0.01+0.03 0.06+0.19* 0.10+0.27*# 0.09+0.15*

Data are presented as n or mean+sp. GOLD: Global Initiative for Chronic Obstructive Lung Disease. *: p<<0.05 versus GOLD 1; *: p<0.05 versus

GOLD 2; *: p<0.05 versus GOLD 3.
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admission (table 3 and tables S5 and S6). Furthermore, the multivariate PWP total time model showed that
high SGRQ total score and low haemoglobin were significant predictors for the development of recurrent
exacerbations defined as prescription change, and that older age, low BMI and high SGRQ total score were
significant predictors for the development of recurrent exacerbations defined as hospital admission (table 3
and tables S7 and S8).

Since a high SGRQ total score was significantly associated with all of exacerbation-free survival,
exacerbation frequency and the development of recurrent exacerbations, the SGRQ domain scores of
symptoms, activity, and impact were also assessed. The SGRQ activity score was found to be the only
domain that was significantly associated with all of the above analyses (table S9).

Discussion

In this study, the intention was to clarify the clinical characteristics and determinants of COPD
exacerbations using the Hokkaido COPD cohort study population. The strongest point of this cohort study
was that it was very carefully designed and performed, thus making it possible to collect accurate
information regarding each patient’s complaints, symptoms and clinical data during COPD exacerbations.
Although a COPD exacerbation is defined in the GOLD guidelines as an acute event characterised by a
worsening of the patient’s respiratory symptoms and leads to a change in medication [1], a general
definition for COPD exacerbation has not been accepted. Moreover, several levels regarding the severity of
exacerbations are required. Therefore, COPD exacerbation was defined in multiple ways in the present
study. It was found that the number of exacerbation events and the number of subjects who experienced
exacerbations were very different depending on the definition criteria, especially between patients’
subjective complaints and confirmed symptoms. Importantly, the same patients seemed to repeatedly
complain about their poor physical condition even if they did not have enough respiratory symptoms, since
the number of exacerbation events was less than the number of subjects who experienced exacerbation
events when the symptom definition was applied (fig. 1). Therefore, it is very important for physicians to
confirm patients’ respiratory symptoms carefully for the diagnosis of COPD exacerbation. However, it is
possible that we missed some symptomatic events even though the symptom information was reconfirmed
by telephone interview and/or by the medical charts. It may also have been possible that some subjects were
reluctant to declare their symptoms accurately to medical staff, despite the fact that they reported the
symptoms on the postcards. Furthermore, some subjects might not have been willing to complain in the
postcards so we might have missed actual exacerbations. We think that enhancement and encouragement of
reporting using more sensitive tools such as a daily diary or an electronic personal digital assistant would be
ideal for more accurate symptom assessment.

A unique finding of this study is the much lower exacerbation frequency during the study period compared
to recent large-scale clinical studies, such as TORCH [10], UPLIFT [11] and ECLIPSE [4, 12]. Importantly,
the present population included patients with mild airflow limitation (GOLD 1), unlike the previously
mentioned clinical studies that did not recruit GOLD 1 patients. It was confirmed that exacerbations
became more frequent as the severity of airflow limitation increased (table 2), which was consistent with
previous studies [4, 13, 14], suggesting that recruitment of patients with milder airflow limitation may
contribute to the lower exacerbation frequency. However, the exacerbation frequency in the present study
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FIGURE 3 Box plots of the exacerbation frequency after the first year of follow-up. Exacerbation is defined by a)
symptom definition, b) prescription definition, ¢) antibiotic definition and d) the admission definition. Subjects were
divided into two groups: subjects who did not experience exacerbations within the first year of follow-up (event <1 year
(-)) and subjects who experienced exacerbations within the first year of follow-up (event <1 year (+)).

was still lower than that of previous studies even when compared with patients with the same severity of
airflow limitation. Specifically, the mean frequency of exacerbations (events per person per year), defined as
prescription change in each GOLD category, was 0.14, 0.30 and 0.77 for GOLD 2, GOLD 3 and GOLD 4,
respectively, in the present study, whereas the mean was 0.7-0.9, 1.1-1.3 and 1.2-2.0 for GOLD 2, GOLD 3
and GOLD 4, respectively, in previous large-scale clinical studies. Similarly, the mean frequency of hospital
admission was 0.06, 0.10 and 0.09 for GOLD 2, GOLD 3 and GOLD 4, respectively, in the present study,
whereas the mean was 0.11-0.2, 0.25-0.3 and 0.4-0.54 for GOLD 2, GOLD 3 and GOLD 4, respectively, in
previous studies [1, 4, 10, 12]. Such a lower frequency of exacerbation was also observed in the subgroup
analysis of the Japanese patients participating the UPLIFT study and in another Japanese report [15, 16].
The frequency of chronic bronchitis in our cohort was also lower compared to the other studies [12, 17].
Thus, national characteristics, such as the healthcare system and socioeconomic status, may affect the
discrepancy in the frequency of exacerbations and chronic bronchitis between Japan and the other
geographical regions. Another possible reason would be a selection bias in our cohort study, since all of the
subjects were recruited and treated by respiratory specialists at a university hospital and its affiliated
hospitals. Even though the exacerbation frequency was low in the present study, the recurrent nature of
exacerbations was confirmed by showing that subjects who experienced exacerbations within the first year
of follow-up experienced more frequent exacerbations after the first year of follow-up (fig. 3).

It was found that the number of exacerbation events was higher in the spring and autumn months, but not
in the winter (fig. 2), which was an unexpected finding because COPD exacerbations were reported to be
more frequent in the winter months [18, 19]. Our cohort study was performed in the north of Japan, where
the winter is very cold and accompanied by significant snowfall; therefore, patients with COPD may tend to
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obstructive pulmonary disease exacerbation in the multivariable models

Variables Prescription definition Admission definition
Hazard ratio (95% ClI) p-value Hazard ratio (95% CI) p-value
Factors related to exacerbation-free survival®
BMI 1 kg~m'2 increase 0.93 (0.87-0.99) 0.03 0.86 (0.76-0.9¢6) 0.006
SGRA total score 4 points increase 1.12 (1.06-1.19) <0.001 1.19 (1.08-1.30) <0.001
Factor relating to exacerbation frequency”
BMI 1 kg-m™2 increase 0.95 (0.90-0.99) 0.03 0.87 (0.79-0.95) 0.004
SGRA total score 4 points increase 1.09 (1.05-1.14) <0.001 1.11 (1.03-1.20) 0.008
FEV1 % predicted 10% increase 0.89 (0.81-0.97) 0.008
Haemoglobin 1 g-dL™" increase 0.84 (0.76-0.93) 0.001
Factors related to recurrent exacerbation™
Age 10-year increase 1.57 (1.00-2.46) 0.049
BMI 1 kg:m™? increase 0.88 (0.80-0.98) 0.02
SGRQ total score 4 points increase 1.07 (1.03-1.11) <0.001 1.14 (1.04-1.24) 0.005
Haemoglobin 1 g-dL™" increase 0.87 (0.78-0.97) 0.02

Complete data tables including all variables and univariate analyses are shown in the online supplementary material. BMI: body mass index; SGRQ:
St George's Respiratory Questionnaire; FEV1: forced expiratory volume in 1's. #: Cox proportional hazards model; *: Poisson regression model;
*. Prentice, Williams and Peterson total time model.

DOI: 10.1183/09031936.00110213

stay inside their homes. Since the trigger for a large number of exacerbations is a respiratory virus infection
[20], such patients may have a lower chance of getting a viral infection in the community in the winter.
Whatever the reason, the present result indicates that the seasonality of COPD exacerbations can vary
depending on where the patients live due to climate differences.

Another notable finding of the present study is that whether subjects experienced exacerbation events or not
during the follow-up period did not affect the annual decline in FEV1, regardless of its definition and the
degree of airflow limitation (fig. 4). People may consider that this is an unexpected finding since it has been
emphasised that COPD exacerbations accelerate the rate of decline in lung function. The GOLD guideline
[1] cited two references for this statement [21, 22]. However, using the Lung Health Study data, KANNER
et al. [21] reported that lower respiratory tract illness promoted FEV1 decline in current smokers with mild
COPD, but not in ex-smokers. Furthermore, DONALDSON et al. [22] showed a faster annual decline in FEV1
in patients with frequent exacerbations defined by symptom-based criteria (>2.92 events per person per
year) when compared to patients with infrequent exacerbations (<<2.92 events per person per year). In the
present study, 85.1% of the subjects quit smoking during the follow-up period, and the exacerbation
frequency was very low; thus, it is reasonable that the effect of exacerbation events on the annual decline in
FEV1 in the present study was small. Moreover, the relationship between exacerbation events and a decline
in FEV1 does not seem to be simple, since the large-scale UPLIFT study failed to show an improvement in
the FEV1 decline, whereas it did show a significant reduction in the development of exacerbations by drug
intervention [11]. However, there was also a tendency of rapid decline in FEV1 in subjects who experienced
more than one exacerbation defined by admission criteria per year in the present study (fig. S2). Therefore,
the effect of exacerbations on respiratory function seems to be larger in patients who experience frequent
and more severe exacerbations.

In the multivariate analysis, impaired health-related QoL was significantly associated with exacerbation
frequency (table 3), which is in line with previous studies [2, 4]. The present data extend this observation by
showing that impaired health-related QoL was also strongly related to shorter exacerbation-free survival and
the development of recurrent exacerbations defined as either prescription change or hospital admission
(table 3). Furthermore, the SGRQ activity score, which is closely related to the dyspnoea scale and the
6-min walking distance [7], was the only domain that was significantly associated with exacerbation-free
survival, exacerbation frequency and development of recurrent exacerbations (table S9). One explanation of
the association between dyspnoea and exacerbations may come from the fact that dyspnoea is one of the
major symptoms in the symptom definition. It is also possible that reduced activity and poor QoL are just
confounders for other factors. However, there are several speculations regarding reduced activity with
dyspnoea is a risk factor for exacerbations. First, mucus hypersecretion in subjects with dyspnoea may
contribute to an increased risk of pulmonary infection that is an important trigger of COPD exacerbation.
Secondly, lung hyperinflation in subjects with dyspnoea increases the imbalance of the ventilation/perfusion
ratio and may be more susceptible to triggers of exacerbation [23]. It was also found that low BMI was
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FIGURE 4 Kaplan—Meier curves for exacerbation-free survival. Exacerbations are defined by a) the prescription definition
and b) the admission definition. Subjects were divided into four groups according to St George’s Respiratory
Questionnaire (SGRQ) total score and body mass index (BMI). Log rank p-value <0.001.

independently associated with COPD exacerbation (table 3). Poor nutritional status or low BMI has been
shown to be associated with increased morbidity and mortality in the natural course of COPD and in
patients hospitalised with COPD exacerbation [24, 25]. Therefore, it would be very important to identify
patients who have limited physical activities due to dyspnoea or weight loss and perform a therapeutic
intervention for such patients by medication, rehabilitation and supporting nutrition in order to reduce the
morbidity and mortality from COPD exacerbations.

Although this study was a prospective, observational cohort study, it had several limitations. First,
information about exacerbation history before study entry was not obtained. Since it was shown that the
best predictor of exacerbations was a history of exacerbations [4], collecting exacerbation history would be
important for the clinical management of patients with COPD. Regarding this point, the recurrent nature of
exacerbations was confirmed using our prospective data (fig. 3). Secondly, most subjects were males, and
there were no female patients in GOLD 3 and 4 categories. Therefore, the present findings may not simply
be applied to female patients with COPD. Thirdly, we were unable to collect accurate information on
anxiety and depression, which have been reported to be associated with COPD exacerbations [26, 27].
Finally, the sample size in this study was not as large as previous large-scale clinical studies.

In summary, the clinical characteristics and determinants of COPD exacerbations were identified in the
Hokkaido COPD cohort study. In the present population, the exacerbation frequency was very low, while
exacerbations appeared to be recurrent. Exacerbation events did not affect the annual decline in FEV1.
Furthermore, poor health-related QoL and weight loss were strong predictors of the development of COPD
exacerbations. Identification of patients at high risk for the development of exacerbations and appropriate
intervention for such patients are crucial for the prevention of COPD exacerbations.
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