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Rationale: Common colds are associated with acute respiratory symptom exacerbations in
COPD patients.

Objective: To determine exacerbation risk and severity in COPD patients with/without
coincident self-reported colds.

Methods: Global initiative for chronic Obstructive Lung Disease stage [-IV COPD patients
electronically transmitted respiratory symptom diaries to research staff daily between December
2006 and April 2009. Respiratory symptom worsening prompted contact by a study nurse and
patient assessment to determine if a cold was present or an exacerbation underway. A composite
daily symptom score was derived for each subject from diarized symptom data. The exacerbation/
cold/virus relation was examined using a Poisson regression model, the relation of colds to
respiratory symptom severity using generalized estimating equation models.

Results: Daily diary transmission compliance of >97% enabled detection of all possible exacerba-
tions. Among 262 exacerbations meeting Anthonisen criteria, 218 (83%) had cold-like symptoms
present at their inception, but respiratory viruses were detected in only 106 (40%). Within-subject
exacerbation risk was 30 times (95% confidence interval [CI]: 20, 47; P<<0.001) greater with colds
present. Compared to cold- and virus-negative exacerbations (n=57), the mean increase in composite
symptom score in those cold and virus positive (n=79) was 0.93 (95% CI: 0.61, 1.25; P<<0.001),
cold-positive and virus-negative exacerbations (n=100) 0.51 (95% CI: 0.21, 0.81; P<<0.001), cold-
negative and virus-positive exacerbations (n=26) 0.58 (95% CI: 0.23, 0.94; P<<0.001).
Conclusion: This study emphasizes the importance of colds in COPD exacerbation risk and
severity, even in the absence of virus detection. COPD patients should act promptly when cold
symptoms appear to facilitate early intervention for exacerbation prevention or management.
Keywords: COPD exacerbations, respiratory infection, COPD epidemiology, respiratory

viruses, common cold

Introduction

The frequency of COPD exacerbations is an important determinant of the costs of
care of COPD patients.! Over a 2-year period, those having no exacerbations had
COPD-related health care costs of $1,605 while those having three or more had costs
0f $12,257. The frequency of prior COPD exacerbations is the best predictor of the risk
of future exacerbations, and a frequent exacerbator phenotype has been posited.? COPD
exacerbations are commonly associated with both viral,*® most often rhinovirus,>* and
bacterial'® respiratory infections (RIs). COPD exacerbations associated with symptoms
of a cold have been shown to have longer recovery times and more sudden onset!'? than
those without cold symptoms, and COPD patients having more frequent exacerbations
experience nearly double the number of colds compared to patients experiencing fewer
exacerbations.!® The frequent exacerbator phenotype has been suggested to be related
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to increased susceptibility to RI and occurs with comparable
frequency across levels of COPD severity.>'*

Between December 2006 and April 2009, we conducted a
two-phase observational study to evaluate the use of electronic
capture and transmission of daily health diaries by COPD
patients. In Phase 1 (December 2006 to April 2007), data
were submitted by patients via fax and in Phase 2 (December
2007 to April 2009) via BlackBerry smartphones.'>!* We
showed that compliance with each day’s diary completion
and transmission exceeded 97% with fax and 99% using
BlackBerrys, and that all COPD exacerbations that occurred
were detected at their inception.

Given a data set from a cohort of COPD patients of mixed
severity that had near complete daily respiratory symptom
data and reported cold incidence, we wished to examine
the relation of colds to respiratory symptom worsening and
whether the appearance of a cold in a COPD patient is a risk
factor for exacerbation. Complete data enabled quantifica-
tion of the increased risk of exacerbation associated with the
presence of a cold.

Methods
Study design

The results reported herein are derived from a two-phase
prospective observational study of COPD patients of mixed
disease severity over a maximum period of 22 months
between December 1, 2006, and April 30, 2009. Other results
have been previously reported.'>'®

Study participants

Study participants were recruited from the clinics of respira-
tory specialists or referred by primary care physicians in the
region of Hamilton, ON, Canada. The study was approved
by the Research Ethics Board of St Joseph’s Healthcare,
Hamilton (RP07-2864). All participants provided written
informed consent to be entered into the study.

Subject inclusion and exclusion criteria

The inclusion criteria were: age =40 years; ability to com-
municate in English; COPD diagnosis and meeting criteria
for Global initiative for chronic Obstructive Lung Disease
(GOLD) stages I-IV classification; current or ex-smoker
with a minimum 10 pack-years of exposure; previous
demonstration of <20% reversibility in forced expiratory
volume in 1 second (FEV ) or an increase in FEV of <200
mL after inhalation of 200 pg of salbutamol; prepared to
provide informed consent; residing in noninstitutional domi-
cile without current plans to transfer to institutional care; for

the fax phase participants, having an emergency department
visit in the previous year for a breathing problem.

The exclusion criteria were significant comorbidity that
would interfere with the participant’s ability to complete the
study protocol, including use of a data transmission device;
planning to be absent from the study catchment area for a
significant part of the study; and history of asthma or seasonal
allergic rhinitis.

Participants meeting the inclusion criteria underwent a
baseline assessment including clinical history, spirometry,
BODE (Body mass index, airflow Obstruction, Dyspnea,
and Exercise capacity) index calculation, completion of the
St George’s Respiratory Questionnaire, collection of samples
of sputum and nasal brushings for virological testing, and
blood for measurement of C-reactive protein concentration.
During the study, participants’ medical care remained with
their own physicians.

Data collection and detection of COPD

exacerbations
Atenrollment, participants were provided with and trained in
the use of either a fax machine or a model 8700 BlackBerry
Smartphone (BlackBerry, Waterloo, ON, Canada). Functions
of the devices not needed for the study were disabled. Both fax
and BlackBerry diary data were transmitted daily to a study
server. Participants completed test questionnaires under the
supervision of study nurses to ensure that they could interpret
questions correctly and consistently. Participants could initi-
ate contact with study nurses at any time during the study
through a flag in the daily diary if they had questions about
use of the devices or uncertainty about how to report a change
in their health. Flags were programmed to alert staff when one
or more symptoms moved up two levels of severity on a given
day, any symptom reached its worst level on a given day, a
participant reported a health-system encounter for a respira-
tory problem, reported cold-like symptoms (CLS) on any day,
had not transmitted two sequential daily diaries, or requested
contact by staff. The fax phase questionnaire is provided in
Figure S1, that for the BlackBerry phase in Table S1.

Participants whose diaries met one of the above criteria
were contacted by a study nurse and asked using lay terminol-
ogy to confirm whether they thought their breathlessness was
worse than in usual day-to-day variation; they had an increase
in sputum volume and/or sputum purulence; and/or medical
attention was sought for “breathing problems”; and/or they
had the symptoms of a cold.

If a new possible exacerbation and/or the presence of a
cold was confirmed during telephone contact, an encounter
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in the participant’s home with a study nurse was scheduled
as soon as possible. In 81% of encounters, this occurred
within 72 h. During encounters, participants underwent
post-bronchodilator spirometry (SpiroPro; BTL Medical
Technologies Canada, Inc., East York, ON, Canada) and
had specimens of spontaneously produced sputum and
nasal brushings (both nostrils pooled) taken for virological
analysis. BlackBerry study participants were notified that
three supplementary questions (Table S1) would appear in
their diary to determine if prednisone or an antibiotic were
taken or if breathing had returned to normal on a given day.
When this occurred, supplementary questions were removed
from the daily diary by remote command.

During hospitalizations, staff conducted an encounter
with the participants as soon as medically acceptable.
With the approval of attending physicians, BlackBerry
phase participants continued their diary submissions while
in hospital.

Assessment of exacerbations
Specialist respiratory nurses assessed the severity of COPD
exacerbations using the Anthonisen criteria.'”

Definition of colds

We defined a cold as occurring when =2 days of CLS were
reported by participants through a positive response to ques-
tion 5 in the fax phase or question 6 in the BlackBerry phase
(Figure S1 and Table S1). Once a cold was defined to have
started, at least 2 days of no CLS were required for it to be ruled
to have ended. Thus, a single CLS-free day occurring after =2
days with CLS and followed by a day with CLS was counted
as part of the cold period. Periods of 1 day of CLS were not
counted as colds but were used for the calculation of the sen-
sitivity of CLS presence for predicting an exacerbation.

Diary symptom scoring

The diary questions used in the fax (Figure S1) and Black-
Berry (Table S1) studies differed. The primary purpose
of the questionnaire in both study phases was to detect
the onset of a COPD exacerbation or CLS. The question-
naire for the BlackBerry phase incorporated modifications
gained from experience in the fax phase, and in part to
accommodate engineering of the BlackBerry-based data
collection process.

For the analyses in the present report question, responses
have been scored as follows: for the fax phase: Presence of
cough — no cough =0, mild cough =1, moderate cough =1,
severe cough =2, very severe cough =2.

Presence of shortness of breath (SOB) — no SOB =0,
mild SOB =1, moderate SOB =1, severe SOB =2, very
severe SOB =2.

How much phlegm did you cough up — none =0, less
than usual =1, usual amount =1, more than usual =2, much
more than usual =2.

Forthe BlackBerry phase: Presence of cough—no cough =0,
mild cough =1, moderate cough =1, severe cough =2, very
severe cough =2.

Presence of SOB —no SOB =0, mild SOB =1, moderate
SOB =1, severe SOB =2, very severe SOB =2.

Color of phlegm — none =0, clear, white, or milky =1,
deep yellow or green =2.

The scores for cough, SOB, and phlegm quality were
added together to form a daily symptom score, which was the
basis for a 7-day composite exacerbation symptom severity
score. The symptom severity score during exacerbations was
calculated as the difference between the mean composite
symptom score over a 7-day period beginning 10 days
before a subject encounter occurred and the mean composite
symptom score over a 7-day period starting from the day a
subject encounter occurred. As both the pre-encounter and
during exacerbation symptom scores have possible values
between 0 and 6, the difference between them has a possible
range of between —6 and 6.

Statistical analysis
Statistical analyses were conducted using “R” version 3.1.3
(R Foundation for Statistical Computing, Vienna, Austria).
The relationship between rate of exacerbations and number
of colds was investigated in a within-patient model and a
population mean model. The within-subject model compared
the exacerbation rate when a cold was present to the rate
when the subject was cold free. The exacerbation rate ratio,
within subjects who experienced at least one exacerbation
and had at least one cold and one period free of colds, was
estimated using a Poisson regression model with subject-
specific intercepts. The population mean model estimated
the average increase in exacerbation rate per unit increase in
number of colds, within all patients, using a Poisson regres-
sion model with total study time as an offset. Both Poisson
models were fitted allowing for overdispersion. Season was
one of four study periods: December 2006 to April 2007,
December 2007 to April 2008, May 2008 to November 2008,
and December 2008 to April 2009.

Exacerbations were divided into those with onset during
the first 3 days of a cold, “early onset” and those with onset
after =3 days of cold duration, “late onset”. The 3-day point for
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classification of early and late onset was selected based on the
results of a study of experimental inoculation of COPD patients
with human rhinovirus (HRV) in which upper respiratory tract
symptoms reached their most severe level on day 3.'8

The mean difference in symptom score severity between
exacerbations coinciding with colds and those occurring
when colds were absent was estimated by a generalized
estimating equation (GEE) model. Within-patient correla-
tions were accounted for using an exchangeable covariance
structure. The same type of GEE model was used to assess
mean differences in severity score between virus-positive
and virus-negative exacerbations. In both cases, the GEE
model was adjusted for the symptom score level prior to an
exacerbation event (pre-encounter score). The relationship
between the severity of COPD exacerbations and colds
was further evaluated in a GEE model, which in addition
included GOLD stage and its interaction with cold status.

Virological testing
Virological testing was conducted as previously described in

samples from nasal brushings and expectorated sputum.'®

Results
Recruitment of participants and

participant characteristics

For the fax phase, 46 GOLD I-1V participants provided data
from December 1, 2006, to April 30,2007. For the BlackBerry
phase 49 participants, among whom 17 had participated in
the fax phase, provided data between December 1, 2007, and
November 30, 2008. One died during the period. The study
was extended from December 1, 2008, to April 30, 2009.
Forty-six of the earlier participants continued through the
extension period and a further 25 were recruited. During the
final study period, five participants died.

Demographic and clinical characteristics of the study
participants are shown in Table 1. GOLD categories 1 and
4 had relatively small numbers of participants and have been
combined with GOLD categories 2 and 3, respectively.

Daily diary data and COPD exacerbations
In the fax phase, participants completed 10,037 of 10,332
possible diaries (97.1%). No diaries during the fax phase were
completed during hospitalization. During the BlackBerry
phase, participants transmitted all but 26 of 28,514 possible
daily diaries including 176 of 191 during inpatient hospital
days (99.9% overall).

Consequent to diary reports of respiratory symptom
changes or the presence of CLS, 267 participant encounters

Table | Demographic and clinical characteristics of the study

population at enrollment

Participant GOLD stages| GOLD stages Il

characteristics (n=5) and Il (n=38) and IV
(n=51) subjects  (n=14) subjects

Age, mean (range), years 66.8 (45-85) 67.0 (45-90)

Male, n (%) 26 (46) 30 (58)

Smoking, median 48.8 (43.3) 46.8 (27.1)

(interquartile range),

pack-years

Current smokers, n (%) 18 (32) 14 (27)

BODE score, mean (SD) 2.3(1.7) 5.6 (2.4)

Dyspnea score, median 2.0 3.0

% predicted FEV| post- 63.3 (12.0) 35.6 (8.9)
bronchodilator, mean (SD)

Six-minute walk distance, 406 (98) 322 (142)
mean (SD), m

C-reactive protein, median 3.1 (47 3.4 (5.8)°
(interquartile range), mg/L

BMI, mean (SD), kg/m? 28.5 (5.1) 26.1 (6.7)
Subject medication profile at baseline

Short-acting f3,-agonist, n (%) 34 (61) 40 (77)
Long-acting [3,-agonist, n (%) 3(5) 3(6)
Inhaled steroid, n (%) 4(7) 10 (19)
Combination of inhaled 38 (68) 39 (75)
corticosteroid and long-

acting f3,-agonist, n (%)

Anticholinergic, n (%) 39 (76) 45 (86)
Oral steroid, n (%) 1 (2) 5(10)
Theophylline, n (%) 1 (2) 1(2)

Notes: *Missing in | | subjects; *missing in |2 subjects.

Abbreviations: BODE, Body mass index, airflow Obstruction, Dyspnea, and
Exercise capacity; BMI, body mass index; FEV,, forced expiratory volume in
| second; GOLD, Global initiative for chronic Obstructive Lung Disease; SD,
standard deviation.

were initiated to investigate possible COPD exacerbations
of which 265 met the Anthonisen criteria. Characteristics
of exacerbations confirmed during the study are reported in
Table 2.

Colds and COPD exacerbations
The numbers of exacerbations in the four study periods are
shown in Table 3.

In the 84 participants who had at least 1 exacerbation,
1 cold and 1 cold-free period, the relative risk of having an
exacerbation was 30.4 (95% confidence interval [CI]: 20, 47,
P<0.001) when a cold was present compared to when a cold
was not present. The population mean risk of exacerbation
increased 1.3 times (95% CI: 1.3, 1.4; P<0.001) for each
cold that occurred.

Among 262 COPD exacerbations with complete infor-
mation on cold symptoms and virus detection, 217 had
CLS present for =1 day at their inception while 45 did not.
Exacerbations did not occur when CLS were present on 167
occasions. Thus, the presence of CLS in a participant had
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Table 2 Encounters initiated and characteristics of exacerbations

Characteristics of COPD exacerbations

GOLD stages | and Il
subjects (n=56)

GOLD stages lll and IV
subjects (n=52)

Number of participant encounters initiated
Number of exacerbations meeting Anthonisen criteria

Level 3, n (%)

Level 2, n (%)

Level I, n (%)

Participants experiencing no exacerbations

Participants experiencing one exacerbation

Participants experiencing two exacerbations

Participants experiencing three exacerbations

Participants experiencing four exacerbations

Participants experiencing five or more exacerbations
Exacerbations requiring intervention by a health professional, n (%)
Exacerbations with a visit to a respiratory physician, n (%)
Exacerbations with a visit to a family physician, n (%)
Exacerbations with a hospital emergency department visit, n (%)
Exacerbations with hospital admission, n (%)
Exacerbations without hospitalization but with prednisone initiated, n (%)
Exacerbations without hospitalization but with antibiotic initiated, n (%)
Exacerbations positive for virus, n (%)
Exacerbations with self-reported CLS at encounter date, n (%)°
Absolute decline in post-bronchodilator % predicted FEV/ at
exacerbation from baseline, mean (SD)¢

121 146
19 146

28 (24) 22 (15)
39 (33) 44 (30)
52 (43) 80 (55)
I 7

14 16

I 6

6 8

8 6

6 9

74 (61) 97 (66)
11 9) 38 (26)
47 (39) 33 (23)
13(11) 22 (15)
7 (6) 18 (12)
26 (21) 56 (38)
77 (64) 101 (69)
50 (41) 56 (39)
102 (86) 116 (79)
6.0 (8.4) 0.56 (7.2)

Note: *One exacerbation in GOLD |-l had unknown virus detection; “one exacerbation encounter in GOLD |-l and one in GOLD IlI-IV had missing information on CLS;

based on |16 exacerbations in GOLD I-Il and 139 in GOLD III-IV.

Abbreviations: COPD, chronic obstructive pulmonary disease; CLS, cold-like symptoms; GOLD, Global initiative for chronic Obstructive Lung Disease; SD, standard

deviation.

a positive predictive value of 57% for an exacerbation to
develop. Overall, the sensitivity of “CLS present” for occur-
rence of an exacerbation was 83%.

Virus detection and CLS association with
exacerbations

Details of virus detection during exacerbations in this study
have been published previously.'>!* Among 262 COPD

Table 3 Association of chronic obstructive pulmonary disease
exacerbations with the presence of subject-reported colds

Study period Subjects Exacerbations
(n) Number Early Late Number

onset onset without
(%) (%)>  cold (%)

December I, 2006, 46 70 30 (43) 23(33) 17 (24)

to April 30, 2007

December |, 2007, 49 49 25(51) 9(18) I5Q@3l)

to April 30, 2008

December I, 2008, 76 92 50 (54) 9(10) 33 (36)

to April 30, 2009

May 1, 2008, to 74 51 26 (51) 7(14) 18(35)

November 30, 2008

Total 262¢ 131 (50) 48 (18) 83 (32)¢

Note: *Exacerbations that occurred within the first 3 days of a cold; "exacerbations
that occurred after the first 3 days of a cold; ‘three additional exacerbations
occurred in which the presence of CLS or virus was not determined; 19 of these
83 exacerbations subjects reported CLS the day prior to exacerbation detection.
Abbreviation: CLS, cold-like symptoms.

exacerbations meeting Anthonisen criteria and with complete
cold and virus information, 79 (44%) of 179 exacerbations
with coincident colds were virus positive, as were 26 (31%)
of the 83 exacerbations without colds.

Symptom severity score during exacerbations

Figure 1 shows the distribution of symptom scores during
COPD exacerbations that were virus- and cold positive,
when virus negative with a cold present, when virus positive
with no cold, and when neither virus nor cold were present,
divided for the four study periods.

Compared to exacerbations that were both virus and cold
negative (n=58), the mean increase in composite symptom
score in those both virus and cold positive (n=79) was 0.93
(95% CI: 0.61, 1.25; P<<0.001), in virus negative and cold
positive (n=100) 0.51 (95% CI: 0.21, 0.81; P<<0.001), and
in virus positive and cold negative (n=26) 0.58 (95% CI:
0.23, 0.94; P<<0.001). These data are shown graphically in
Figure 2.

Compared to when no cold was present, the mean symp-
tom score in early colds (<3 days of cold symptoms) increased
by 0.59 (95% CI: 0.34, 0.85; P<<0.001), in later (=3 days
of cold symptoms) 0.27 (95% CI:—0.01, 0.56; P=0.06), and
between early and later colds by 0.32 (95% CI: 0.00, 0.64;
P=0.05).
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Figure | The distributions of composite respiratory symptom scores and their medians and quartiles within four study periods.
Notes: Scores are grouped in four categories of chronic obstructive pulmonary disease exacerbation: those with colds being virus positive (VC), those with virus present
but no apparent cold (VNC), those with no virus present but a cold reported (NVC), and those with neither virus nor cold present (NVNC).

Discussion

More than 50% of colds are associated with infections of HRV"
and studies of experimental inoculation of COPD patients
demonstrate that HRV can trigger worsening of respiratory
symptoms typical of exacerbations.'® In a prospective study of

Severity score, adjusted means

| | I I

VvC VNC NVC NVNC

Figure 2 The adjusted mean composite respiratory symptom scores and their 95%
confidence intervals across all four periods of the study.

Notes: Scores are grouped in four categories of chronic obstructive pulmonary
disease exacerbation: those with colds being virus positive (VC), those with virus
present but no apparent cold (VNC), those with no virus present but a cold reported
(NVC), and those with neither virus nor cold present (NVNC).

COPD patients, the presence of rthinorrhea was shown to be the
respiratory symptom that was most predictive of exacerbation
development.® It has also been reported that COPD patients
have increased susceptibility to respiratory virus infections
and worse symptoms when these occur through weakened
host defense mechanisms.?! A study conducted by Hurst et al'?
concluded that frequent exacerbators, those having a number
of exacerbations above the median in the study cohort, expe-
rienced approximately double the number of colds than those
having a number of exacerbations below the median number.
We wished to determine to what extent the presence of a
cold increased the probability of an exacerbation occurring
and if respiratory symptoms were worse during an exacerba-
tion when a cold and/or a respiratory virus were present.
We acknowledge that detection of CLS in our study was
predicated on a categorical response to a single question in a
daily electronic report. We also recognize that we included
in the examples of cold symptoms in the questionnaires
“Runny/stuffy nose, change in phlegm color or stickiness,
sore throat, fever, shivers, chest congestion” that some of
these are not specific to colds and may occur during exacerba-
tions in which colds were not present. However, in all cases,
the reported presence of either cold symptoms or worsening
respiratory symptoms suggestive of a COPD exacerbation
triggered contact with the participant to confirm the nature
of'the event and if the presence of a cold or exacerbation was
confirmed to schedule an in-home encounter to collect further
data and specimens for testing. We made every effort during
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dialogue with participants before scheduling an encounter to
ascertain the nature of the event, cold/RI or exacerbation, but
it is possible that complete discrimination did not occur and
our results should be interpreted recognizing this.

While the respiratory symptom severity scores related to
the presence of CLS included in this report are of interest,
we believe that they will require confirmation using a COPD
symptom questionnaire index of proven validity such as
EXACT.2 However, the utility of EXACT for the detection
of COPD exacerbations has been questioned, as the question-
naire detected but 28% of exacerbations found using diary
cards in the East London COPD cohort.? It is conceivable
that changes in the severity of lower respiratory tract symp-
toms alone may not be adequately sensitive for detection of
the onset of COPD exacerbations.

The magnitude of the increased risk of exacerbation we
found associated with the onset of colds in COPD patients,
over 30-fold compared to cold-free periods, is clinically
important. While such a risk suggests that the importance
to COPD patients of avoiding exposure to Rls should be
emphasized, this has to be balanced against the importance
of socialization to overall health and well-being. The benefit
of ensuring that COPD patients receive annual influenza
immunization is obvious as are basic hygiene procedures. We
have confirmed in a study in which all exacerbations were
investigated that the presence of apparent colds in COPD
patients is associated with both increased risk of exacerba-
tions and greater severity of these when they occur. As such,
CLS, when detected and reported by COPD patients, should
initiate watchfulness on the part of health care providers to
reduce the possibility of major intervention being required.

As observed by others,'>!* we found that symptom sever-
ity during exacerbations associated with a cold was worse
than in those without. Furthermore, symptom severity was
worse still in those exacerbations coinciding with a cold in
which a respiratory virus was detected. It is possible that
viruses were present in more exacerbations than those in
which we detected them, but the proportions of exacerbations
in which respiratory viruses were detected in our study are
consistent with the findings of others.?*

While 68% of exacerbations coincided with a symptomatic
cold as per our definition, the proportion of exacerbations
associated with the presence of at least 1 day of CLS at their
inception was even higher (83%). These figures are both
considerably higher than the PCR detection rate of respiratory
viruses at exacerbation (40%). Some previous studies have
used the frequency of PCR detection of respiratory viruses at
exacerbation as an indication of the proportion of exacerbations
which are related to upper respiratory tract viral infections.”2

Our findings suggest that the proportion of exacerbations linked
to apparent colds may be considerably greater than previously
estimated using viral detection methods. Early detection and
reporting of CLS whatever the cause is a sensitive predictor of
exacerbation risk. Also in this study, 50% of all exacerbations
began in the first 3 days of a cold (Table 3), which emphasizes
the importance of ensuring effective communication between
COPD patients and those responsible for their care.

There is a growing international burden of COPD and
particularly COPD exacerbations on health systems. Between
1969 and 2013 in the United States, the all-cause age standard-
ized death rate per 100,000 population decreased from 1,278
to 730. That for COPD doubled from 21 to 42 per 100,000.%’
The direct costs of health care in the USA for COPD victims in
2005 dollars was $21.8 billion or a range of $2,700-$5,900 per
patient annually.?® In addition, COPD is underdiagnosed. In a
prospective study of a population sample of more than 8,000
subjects aged =35 years in the UK, 13.2% were found to
have spirometrically diagnosed COPD. Among those, >80%,
including many with severe deficits in respiratory function,
did not have a diagnosis of respiratory disease.”

Our prospective study of COPD patients is distinguished
from others by these features: symptom data were collected
and validated daily throughout the study; all exacerbations
were detected and evaluated at or near their inception; sta-
tistical modeling of the relation of COPD exacerbations to
colds optimized understanding of the relationship.

Conclusion

A large majority of COPD exacerbations occur following
the appearance of CLS. The risk of having an exacerbation
in individuals increases by 30-fold when colds are present.
Respiratory symptoms during exacerbations that coincide
with colds are more severe than exacerbations with no cold
present. Respiratory viruses were only detected in approxi-
mately half of the reported apparent colds.
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Supplementary materials

STUDY OF CYCLIC EPIDEMICS OF COPD EXACERBATION -I
01

*DAILY QUESTIONNAIRE*
Complete this form on: 21 Sep 2006 Initials: F F [ | M
1. How often did you cough in the last 24 hours? [ ] Not at all
(Fill in one box) [] Very little
[ ] Several times
[] Frequently
[ ] Most of the time
2. How often were you short of breath or felt [INot at all
breathless in the last 24 hours? D Very little

(Fill in one box) .
[] Several times

[] Frequently
[ ] Most of the time

3. How much sputum/phlegm did you cough [ ] None at all

up in the last 24 hours? []Less than usual
(Fill in one box)
[] Usual amount

[]More than usual

[ ]Much more
4. How many times (not puffs) did you use your []o
rescue or reliever inhaler for a breathing problem D 1103
in the last 24 hours?
(Fill in one box) [J4tos
[]7t09
[] Greater than or equal to 10
5. Did you have any cold or flu symptoms such as |:| Yes
runny/stuffed up nose, change in phlegm colour or D No

stickiness, sore throat, fever, shivers, wheeze,
chest congestion, feeling unwell?

6. Did you see a health professional in a doctor’s []Yes
office, walk-in clinic, hospital or emergency D No
department for a breathing problem?

7. Did you have any other problems or anything you want to tell the study team?

L rotosos21 | |[H I NON VIRV A O

Figure S| Fax daily diary form.
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Table S| BlackBerry daily diary

Variable Question Response

hame Daily diary

Subject Subject identification number

number

Subject initial Subject initial

Diary QI Did you cough today? No cough
Mild cough
Moderate cough
Severe cough
Very severe cough

Diary Q2 Did you have shortness of breath or feel breathless today? No shortness of breath
Mild shortness of breath
Moderate shortness of breath
Severe shortness of breath
Very severe shortness of breath

Diary Q3 What color was your phlegm today? Did not cough up phlegm
Clear or white or milky
Deep yellow or green

Diary Q4 How would you describe your overall health today? Better than usual
About the same as usual
Worse than usual

Diary Q5 Have you had any of the symptoms of a cold or flu? No, have not had any cold or flu symptoms
Yes, have a sore throat, fever, shivers, or chest congestion

Diary Q6 Did you see a doctor or nurse today for breathing No

problems or a cold? Yes
Diary Q7 Is there anything that you’d like the study team to contact No
you about? Yes

Diary Q8 Did you take prednisone today? No
Yes

Diary Q9 Did you take an antibiotic today? No
Yes

Diary Q10 Do you think your breathing is back to normal today? No
Yes
Don’t know

Diary date Date of diary Date

Abbreviation: Q, question.
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