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Abstract
Introduction  This study investigated the hypothesis that 
common environmental chemical exposures with known 
irritant or sensitising properties trigger exacerbations 
for patients with chronic obstructive pulmonary disease 
(COPD).
Methods  We conducted a case cross-over study in 168 
patients with COPD who were members of a disease 
management group in central Massachusetts. Participants 
completed a baseline health survey and several short 
exposure surveys. Exposure surveys were administered 
by a nurse when a participant telephoned to report an 
exacerbation (case periods) and at a maximum of three 
randomly identified control periods when they were not 
experiencing an exacerbation. We compared exposures 
in the week preceding an exacerbation with exposures 
in normal (non-exacerbation) weeks. The questionnaire 
assessed short-term (1 week) home, community and 
workplace activities and exposures that may be associated 
with COPD exacerbation.
Results  Self-reported exercise was negatively associated 
with exacerbation (OR=0.59, 95% CI: 0.35 to 1.00). Among 
the environmental chemical exposures, car and truck 
exhaust (OR=4.36, 95% CI: 1.76 to 10.80) and use of 
scented laundry products (OR=2.69, 95% CI: 1.31 to 5.52) 
showed strong positive effects. Self-reported respiratory 
infections were strongly associated with exacerbation 
(OR=7.90, 95% CI 4.29 to 14.50). Variations in outdoor 
temperature were associated with COPD exacerbation risk 
(moderate versus cold temperature OR=1.95, 95% CI 1.09 
to 3.49 and warm versus cold OR=0.43, 95% CI: 0.26 to 
0.70).
Conclusions  These results suggest that some 
environmental chemical exposures may play a role in 
triggering COPD exacerbations. If confirmed, they may 
provide useful guidance for patients with COPD to better 
manage their disease.

Background
Chronic obstructive pulmonary disease 
(COPD) is the third leading cause of death 
in the USA, affecting over 10 million people 
and costing over US$15 billion in healthcare 
costs each year.1 Tobacco smoking is the 
primary cause of COPD,2 3 although occupa-
tional exposures to a number of hazardous 
chemicals and air pollution are also 
important preventable causes.4–6 The most 
important strategy for disease management is 

preventing the occurrence of acute episodes 
of COPD exacerbation.7 8 Failing that, rapid 
medical response at the start of an exacer-
bation can blunt the damage caused by the 
cascade of inflammatory processes that are 
triggered.9 Uncontrolled exacerbations are 
strongly associated with disease progression10 
and mortality. GOLD (Global Initiative for 
Chronic Obstructive Lung Disease) defines 
an exacerbation as ‘an acute worsening of 
respiratory symptoms that result in additional 
therapy’.11

Despite the well-recognised importance of 
preventing COPD exacerbation, research on 
preventable causes of exacerbation has been 
limited to a relatively small set of factors. 
The most important trigger of exacerbation 
appears to be respiratory infection.12 There is 
good evidence that urban air pollution and 
temperature can increase risk of COPD exac-
erbation,13–16 as can environmental tobacco 
smoke.17 18 Beyond these four factors, little 
is known about other preventable triggering 
exposures.

We hypothesised that there may be environ-
mental chemical exposures other than urban 
air pollution and second-hand tobacco smoke 
which increase the risk of COPD exacerbation. 
It is likely that the mechanism by which urban 
air pollution triggers exacerbations involves 
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Key messages

►► The key question is whether common environmental 
chemical exposures with known irritant or sensitis-
ing properties trigger exacerbations for patients with 
chronic obstructive pulmonary disease (COPD).

►► Among the environmental chemical exposures we 
evaluated, car and truck exhaust (OR=4.36, 95% CI: 
1.76 to 10.80) and use of scented laundry products 
(OR=2.69, 95% CI: 1.31 to 5.52) appeared to be 
associated with increased risk of COPD exacerbation.

►► Very few studies have tried to quantify the risk of 
COPD exacerbation from acute environmental 
chemical exposures. If these findings are confirmed, 
they may present an important opportunity for 
improving the quality of life for patients with COPD.

C
D

C
 Library. P

rotected by copyright.
 on S

eptem
ber 27, 2019 at S

tephen B
. T

hacker
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2017-000179 on 3 July 2017. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/
http://bmjopenrespres.bmj.com/


2 Sama SR, et al. BMJ Open Resp Res 2017;4:e000179. doi:10.1136/bmjresp-2017-000179

Open Access

inflammatory processes which also underlie other health 
endpoints including asthma, bronchial hyper-reactivity, 
acute loss of pulmonary function and cardiovascular 
disease. Under this assumption, it seems reasonable that 
other chemical exposures which act through respiratory 
inflammation and irritation pathways might also trigger 
COPD exacerbations. These might include volatile 
organic compounds and fine particulates in indoor air. 
There are a large number of such chemicals identified as 
triggers for asthma attacks,19 20 and we hypothesised that 
asthmagens (and particularly irritant asthmagens) may 
also act as triggers of COPD exacerbations in susceptible 
patients.

The objective of this study was to investigate a wide 
range of environmental chemical exposures known to 
cause respiratory irritation and/or asthma, with the goal 
of identifying exposures that may trigger COPD exacer-
bation.

Methods
All study materials and protocols were approved by the 
Reliant Medical Group Institutional Review Board.

Study population
The study population was drawn from a large medical 
group practice in central Massachusetts. The area centres 
on Worcester County (population 818 963), comprising 
62 towns and the city of Worcester, the third largest city in 
New England with a population of 181 045.21 22 As a part 
of its efforts to improve patient quality of life, increase 
compliance with care guidelines and control costs, the 
group medical practice maintains and staffs a COPD 
disease management group (DMG). Patients are enrolled 
into the group by pulmonologists or primary care physi-
cians after a diagnosis of COPD based on symptoms and 
spirometry.

The purpose of the DMG is to educate patients and 
teach them to properly manage their disease with the 
overall goal of reducing the frequency and severity of 
their exacerbations, thus slowing their disease progres-
sion. These patients are followed closely through periodic 
clinic visits and regular telephone contacts with a nurse 
manager. Patients come in for clinic visits approximately 
twice a year. In addition, routine calls are made by DMG 
nurses to all patients at least once every 4–6 months; 
more frequent calls and visits are made if patients have 
unstable COPD. Patients are asked to call their DMG 
nurse as soon as they notice that they are experiencing an 
exacerbation so that the DMG nurse can ensure proper 
treatment. Patients are instructed to increase use of their 
rescue inhalers when COPD symptoms increase, and 
if that fails and symptoms (cough, shortness of breath, 
sputum production) continue to escalate, exacerba-
tions are treated with oral antibiotics and/or steroids. 
The majority of patients enrolled in DMG have prefilled 
medications (steroids and antibiotics) kept at home so 

that they can begin treatment as soon as an exacerbation 
begins.

We invited participation from patients who were DMG 
members. All had received a physician’s diagnosis of 
COPD, had received at least one antibiotic prescription in 
the 3 years prior to study enrolment, had experienced at 
least one exacerbation in the 15-month study period and 
had no other lung diseases (eg, interstitial lung disease, 
lung cancer, diffuse bronchiectasis) except asthma which 
is often misdiagnosed in patients with COPD.23 We 
conducted focus groups and recruited patients enrolled 
in DMG into our case cross-over study. The initial recruit-
ment included informed consent and a baseline health 
survey followed by exposure surveys during case and 
control periods which are defined in more detail below. 
Participants were compensated US$15 for the long base-
line health questionnaire and US$10 each for the short 
exposure questionnaires.

Focus groups
We conducted two focus groups, each with eight patients 
recruited from the COPD DMG. The first was used to 
review our a priori list of potential triggers and to ask 
about others that should be added. The second was used 
to pilot the exposure survey for readability and format-
ting. The final exposure survey instrument contained 
questions on activities and exposures that one or more 
focus group participants reported could sometimes 
aggravate COPD symptoms.

Baseline survey
At the initial telephone recruitment, a standard respira-
tory questionnaire (modified American Thoracic Society 
questionnaire)24 was administered to gather lifetime 
information on disease onset, comorbidities, smoking 
and occupational history.

Case cross-over exposure survey
The data were collected in a prospective case cross-over 
study designed to evaluate the relationship between 
activities and exposure to certain products and activities 
and exacerbation of existing COPD.25 The case cross-
over design allows each case to serve as his or her own 
control. Each patient had at least one case period (COPD 
exacerbation, defined below) and up to three randomly 
identified control periods (non-exacerbation weeks). 
Data were collected over a 15-month period from January 
2011 to March 2012. The principal data gathering instru-
ment was a short environmental exposure and symptom 
questionnaire administered by a nurse when partici-
pants telephoned to report an exacerbation and at up 
to three randomly identified control periods initiated by 
the study nurse when the patient was not experiencing 
an exacerbation. This questionnaire assessed short-term 
(1 week) home, community and workplace activities and 
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exposures that we hypothesised might be associated with 
COPD exacerbation.6 19 26–30

The questionnaire was organised into four main 
sections: (1) physical activities that might result in chem-
ical exposures (such as raking leaves or cooking with a 
gas stove); (2) home and community chemical exposures 
(based largely on standard environmental exposure ques-
tionnaires)31 32; (3) workplace exposures (based on the 
American Thoracic Society and European Respiratory 
Society questionnaire items on vapours, dust, gas and 
fumes); and (4) non-chemical triggers of COPD (such as 
upper respiratory tract infections, exercise and weather).

Exacerbation
Following the treatment plan, patients telephoned the 
DMG nurse to report that they were starting to use the 
prefilled medications because of a worsening of symp-
toms and the nurse clinically confirmed that the patient 
was indeed experiencing an exacerbation and needed 
the additional medication. Worsening symptoms were 
defined following Seemungal33 as at least two of the 
following: increased dyspnoea, sputum volume or puru-
lence AND one symptom of an upper respiratory tract 
infection (fever, cough or wheeze, tachycardia or tachy-
pnoea). COPD exacerbation was defined as occurring 
when (1) a patient reported that he/she had begun 
to take prefilled medications (antibiotics and/or oral 
steroids) because of a worsening of COPD symptoms that 
did not resolve with increased use of rescue inhalers and 
(2) the DMG nurse confirmed that the patient’s symp-
toms met Seemungal’s definition of exacerbation and 
therefore required this additional treatment. To ensure 
that patients were in a steady state during control periods, 
we required a minimum of 4 weeks between exacerbation 
periods.

COPD severity was characterised using the GOLD 
grades.11 The GOLD grades are as follows: grade I (mild) 
FEV1/FVC <0.70 and FEV1 ≥80% of normal; grade II 
(moderate) FEV1/FVC <0.70 and FEV1 50%–79% of 
normal; grade III (severe) FEV1/FVC <0.70 and FEV1 
30%–49% of normal; and grade IV (very severe) FEV1/
FVC <0.70 and FEV1 <30% normal, or <50% normal with 
chronic respiratory failure present. The majority of these 
patients had COPD signs and symptoms meeting GOLD 
grades I– IV. Our prestudy medical chart review found 
that there were a few DMG participants (7%) with symp-
toms of COPD but normal FEV1/FVC ratios; we did not 
exclude these from the study because they met our a 
priori case definition of a physician’s diagnosis of COPD 
(see Study Population).

Statistical analyses
Statistical analyses were conducted in SAS V.9.3 (SAS 
Institute). Conditional logistic regression models were 
used to investigate determinants of the risk of COPD 
exacerbation (conditional on individual subject IDs), 
starting with single predictor models. We then used a 

forward stepwise approach, manually adding variables 
to multiple predictor models based on goodness of fit 
(−2log likelihood) and strength of association. Effect 
estimates were expressed as ORs. Potential confounding 
factors which do not vary over the short period of the 
study (eg, age, smoking and history of exacerbations) are 
controlled for by the case cross-over design. Other poten-
tial and time-variant confounders (eg, temperature and 
self-reported respiratory infections) were evaluated by 
adding variables into the model and observing changes 
in effect size.

Results
We enrolled 246 patients with COPD into the study. Of 
these, 171 patients contributed data for at least one exac-
erbation and one control (non-exacerbation) period. We 
removed three patients because they had been hospital-
ised within a week prior to the call date suggesting that 
the 7-day window of the exposure questionnaire may 
not have captured the beginning of the exacerbation. 
We restricted our analyses to include the remaining 168 
(68%) patients for whom we had adequate data. There 
were a total of 620 observations; 231 were exacerbation 
periods and 389 were control periods.

The mean age of the respondents was 70 years, 60% 
were female and almost all were white (table 1). Approx-
imately two thirds of patients had severe or very severe 
COPD (GOLD grade III or IV). Ninety-six per cent of 
patients had a smoking history with an average of 52 
pack years. Forty-three per cent of patients with COPD 
reported ever having a doctor diagnosis of asthma. Half 
reported working in a dusty job for at least 1 year and 
approximately 40% reported ever having been exposed 
to gas or chemical fumes at work. Ninety-nine per cent 
of patients reported ever having worked full time but 
only 14% reported working for at least 1 week during 
the study. Because of the low prevalence of currently 
employed participants, we did not investigate risk from 
recent occupational exposures.

We first evaluated non-chemical triggers (weather, 
season, respiratory infection and exercise) (table  2). 
Self-reported respiratory infections or colds in the 
previous week were strongly associated with risk of exac-
erbation (OR=8.14, 95% CI: 4.67 to 14.2). Season was 
also associated with increased risk of exacerbation with 
fall having the strongest effect followed by spring and 
then winter. Strong effects were also observed for average 
outdoor temperatures in the previous week; the effect 
was strongly non-linear with higher risk for moderate 
(from 40°F to 50°F or from 4.4°C to 10°C) compared with 
cold temperatures (less than 40°F or 4.4°C) (OR=2.50, 
95% CI: 1.51 to 4.12) and a protective effect for warm 
temperatures (greater than 50°F or 10°C) versus the 
same cold temperature range (OR=0.55, 95% CI: 0.36 to 
0.84). The temperature and season variables performed 
fairly similarly with respect to overall model fit (similar 
values of Akaike Information Criteria-AIC). We chose 
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Table 1  Characteristics of patients with COPD surveyed in 
the case cross-over study (n=168)

Age, mean years (SD) 70 (9.8)

Female, % (n) 60 (101)

Race:

 � White 97% (163)

 � Black 1% (2)

 � Other 2% (3)

GOLD grade

 � I (Mild) 2% (3)

 � II (Moderate) 23% (38)

 � III (Severe) 50% (82)

 � IV (Very Severe) 18% (30)

 � Normal FEV1/FVC with COPD symptoms 7% (12)

 � Inadequate spirometry 2% (3)

 � Reported doctor diagnosis of asthma 43% (73)

Smoking status

 � Current 18% (30)

 � Ex 78% (131)

 � Never 4% (7)

 � Pack years (mean, SD) 52 (31)

 � FEV1 improvement post-bronchodilator 
>15%

20% (32)

 � Has ever worked full time (>30 hours per 
week)

99% (166)

 � Worked for at least 1 week of study period 14% (24)

 � Has worked for a year or more in dusty job 50% (83)

Severity of dusty job

 � Mild 33% (27)

 � Moderate 40% (33)

 � Severe 28% (23)

 � Has ever been exposed to gas or chemical 
fumes in work

41% (68)

Severity of gas or chemical fume exposure

 � Mild 37% (25)

 � Moderate 44% (30)

 � Severe 19% (13)

*Two observations were missing.
COPD, chronic obstructive pulmonary disease.

the temperature variable for most models because it 
was more parsimonious and easier to interpret than 
season, which varies in meaning in different regions. 
These patterns are described in more detail in a previous 
paper.34

Self-report of exercise (purposeful physical activity such 
as walking, bicycling or participating in an exercise class 
for physical fitness) in the previous week was negatively 
associated risk of exacerbation (OR=0.60, 95% CI: 0.39 
to 0.93) and this factor was independent of temperature 

or season. We therefore adjusted for temperature, self-re-
ported respiratory infections and exercise in models 
exploring potential environmental exposure risk factors.

The survey asked about a wide range of physical activities 
that might have resulted in irritant chemical exposures in 
the previous week (figure 1). Reports of smoking tobacco 
and ‘dusty activities’ were weakly associated with increased 
risk of exacerbation, although confidence intervals were 
wide and included the null. No other activities were 
associated with increased risk of exacerbation: one (use 
of a wood smoke fire) was associated with a reduced risk 
(OR=0.30, 95% CI: 0.10 to 0.88) when controlling for 
self-reported respiratory infection, exercise and tempera-
ture. Because wood fire use was predominantly reported 
in the winter (data not shown), we also fit this model 
with season instead of the temperature variable (as noted 
above, they generally performed similarly) and found 
that the apparent protective effect of wood smoke was 
weakened substantially with a CI that included the null. 
We therefore dropped this variable from further consid-
eration.

The survey also gathered data on self-reported expo-
sures to products and chemicals (figure  2). Among these, 
there was evidence of increased risk of COPD exacerba-
tion from exposure to car or truck exhaust (OR=4.61, 
95% CI: 1.88 to 11.26), use of scented laundry products 
(OR=2.84, 95% CI: 1.40 to 5.73) and cosmetics (OR=2.23, 
95% CI: 1.01 to 4.92) (figure 2). The cosmetics effect was 
restricted to women, as no men reported this exposure.

Logistic regression models were constructed with these 
three exposures in addition to the three non-chemical 
factors (temperature, self-reported respiratory infec-
tion and exercise). Exposures to car/truck exhaust and 
scented laundry products did not appear to confound 
one another nor were they confounded by the three 
other variables (table 3). However, the effect of cosmetics 
became weaker with a 95% CI that included the null 
suggesting some possible confounding by one of the 
other factors. The cosmetics variable was therefore 
dropped from further consideration. In this model 
(table  3), self-reported respiratory infection had the 
strongest effect (OR=7.90, 95% CI 4.29 to 14.50). Car and 
truck exhaust and scented laundry products also showed 
strong positive effects (OR=4.36, 95% CI: 1.76 to 10.80; 
OR=2.69, 95% CI: 1.31 to 5.52, respectively). Temperature 
(moderate versus cold temperatures OR=1.95, 95% CI 
1.09 to 3.49, and warm versus cold temperature OR=0.43, 
95% CI: 0.26 to 0.70) also showed similar strong effects as 
in univariate models.

In a previous paper,34 we investigated the hypothesis 
that urban air pollution measured at central monitors 
was associated with risk of exacerbation in this same 
population. We found that short-term exposures to 
sulfur dioxide (SO2) (OR=2.45, 95% CI: 1.75 to 3.45 
for a one part per billion increase) was associated with 
an increase in COPD exacerbation risk. Surprisingly, 
there was a negative association with 7-day average PM2.5 
(OR=0.91, 95% CI 0.85 to 0.98). We included these air 
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Table 2  Non-chemical triggers and risk of COPD exacerbation

Variable type Variable description OR 95% CI −2log likelihood

Season Season, ref=summer 417

Summer 1.00 1.00 1.0

Spring 2.59 1.55 4.35

Winter 2.38 1.37 4.11

Fall 6.64 3.83 11.5

Weather Spent time in cold air/cold weather in past week* 1.16 0.78 1.70 468

Spent time in hot air/hot weather in past week* 0.50 0.34 0.75 457

Local temperature (categorical)‡ 422

 � Cold (<40°F) 1.0 1.0 1.0

 � Moderate (40–50°F) 2.50 1.51 4.12

 � Warm (>50°F) 0.55 0.36 0.84

Acute illness Respiratory infection/cold in past week* 8.14 4.67 14.2 396

Physical 
activity

Total hours spent outside of the home*,§ 0.99 0.99 1.00 469

Exercised in past week* 0.60 0.39 0.93 462

*Based on self-reports from exposure questionnaires.
†Based on 7-day averages using data from NOAA collected at Worcester Regional Airport.
‡Categorical representation of variable based on cut-offs identified in restricted cubic splines.
§Estimated as the sum of total ‘hours reported outdoors’, ‘hours reported in a vehicle’ and ‘hours reported indoors but not at home’.
COPD, chronic obstructive pulmonary disease.

pollution exposures in logistic regression models along 
with the factors described in the present investigation 
to evaluate potential confounding. The air pollution 
effects appeared to be independent of the associations 
reported in table  3, and neither the effects of self-re-
ported chemical exposures nor the air pollution effects 
were importantly altered when all were included in the 
same model (see online supplementary appendix 1).

Discussion
Chronic disease management has been shown to improve 
symptoms, quality of life and other outcomes (emer-
gency room visits and inpatient admissions) in patients 
with COPD.7 8 35 It is important that patients know and 
control triggers and symptoms of COPD exacerbations. 
To date, viral respiratory infections have been under-
stood to be the primary trigger for exacerbations, and so 
prevention strategies have emphasised annual influenza 
and pneumonia vaccines and rapid treatment of exac-
erbations once they begin. Our findings support these 
recommendations. In particular, we found that self-re-
ported respiratory infection was strongly associated with 
exacerbation.

We hypothesised that patients with COPD being closely 
followed as a part of a DMG would report irritant chem-
ical exposures more frequently in the week leading up to 
a clinically confirmed exacerbation than in normal weeks. 
We therefore questioned participants about a wide range 
of potential triggers as an initial screening of this hypoth-
esis. While most of the exposures and activities were not 
associated with exacerbation, several were: particularly 

car and truck exhaust and scented laundry products. We 
asked about exposure to fragrances in various forms and 
it is not clear, for example, why air fresheners or house-
hold cleaning products appeared not to be associated 
with exacerbation. Whether these associations are causal 
cannot be determined from this first investigation but we 
believe that these findings warrant follow-up.

There are several advantages of this study design. First, 
participants tend to be highly motivated and accustomed 
to interacting with a nurse as a part of their normal 
healthcare. Second, we were able to detect and clinically 
confirm exacerbations that may be less severe than those 
that result in hospital admissions. Indeed, a major goal 
of the DMG is to keep patients out of the hospital. Also, 
there is probably often a lag period of days between any 
triggering exposure and the ultimate hospital admission. 
Our study probably shortened the delay between expo-
sure and identification of the exacerbation by taking 
advantage of the normal routine of the DMG, in which 
patients were instructed to call the nurse at the first signs 
of an exacerbation.

Another strength of this study was that the case cross-
over design essentially uses each participant ‘as their own 
control’ by comparing case and control time periods 
within the same individual.25 A consequence is that any 
‘fixed’ characteristic of the participants (eg, gender, age, 
smoking history and exacerbation history) is controlled 
for by design. This allows the study considerable power 
to detect short-term variable exposures like air pollution 
that might be associated with the onset of an exacerba-
tion.36–39 While other studies demonstrate this association 
in emergency room and hospitalisation data, our evidence 
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Figure 1  Associations between self-reported activities and risk of COPD exacerbation. Results of models including each 
activity alone and controlled for temperature, self-reported respiratory infection and exercise. COPD, chronic obstructive 
pulmonary disease; LCL, lower confidence limit; UCL, upper confidence limit)

may be stronger because of the greater sensitivity of the 
case cross-over that includes not only those exacerbations 
that progress to emergency room or inpatient care.

There are also limitations of the study. We necessarily 
relied on patient recall for exposure information and so 
recall bias is a possibility when comparing exacerbation 
periods to control periods. However, the finding that 
only a few exposures were more frequently reported in 
exacerbation weeks than normal weeks provides evidence 
against the possibility that participants were non-discrim-
inately over-reporting all exposures because of their 
beliefs about the causes of their illness. As is common 
in a pilot investigation, we asked about a wide range of 
exposures, and so many statistical comparisons were 
made; thus, caution is appropriate when interpreting the 
precision of effect estimates. Although approximately 
43% of patients self-reported a history of doctor diag-
nosed asthma, we did not have enough statistical power 
to conduct stratified analyses in this cohort. This is unfor-
tunate because one might speculate that patients with 
COPD with comorbid asthma might respond differently 
than patients with COPD without asthma to certain expo-
sures such as sensitisers or irritants.

Although we believe that the design may have 
reduced the lag between exposure and exacerbation in 

comparison to hospital admissions studies, we neverthe-
less found evidence that suggested that participants may 
be aware of a worsening of their symptoms for some days 
before they start medications and call the nurse for clin-
ical confirmation. If this is true, then they may also, even 
unconsciously, start avoiding certain triggering expo-
sures. We found evidence suggesting that this may have 
occurred. For example, participants were less likely to 
report exercise in the week preceding an exacerbation 
compared with a normal week (table 2). These reductions 
may have occurred because the participant was starting 
to have symptoms and was reducing activities as a result. 
Models controlling for these variables did not change the 
findings; however, the bias may still have occurred.

Before the study began, we conducted focus groups of 
patients with COPD and learnt that many of them held 
well-formed opinions about chemical exposures and 
activities which they seek to avoid, managing their disease 
and reducing risk of exacerbation. Some clinicians also 
support the idea that exacerbations can be prevented 
through avoidance of certain common exposures, for 
example, cigarette smoke, exhaust fumes, dust, strong 
odours and household cleaning products,40 despite the 
fact that little or no direct evidence exists to support 
these recommendations.

C
D

C
 Library. P

rotected by copyright.
 on S

eptem
ber 27, 2019 at S

tephen B
. T

hacker
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2017-000179 on 3 July 2017. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


Sama SR, et al. BMJ Open Resp Res 2017;4:e000179. doi:10.1136/bmjresp-2017-000179 7

Open Access

Figure 2  Associations between self-reported chemical exposures and risk of COPD exacerbation. Results of models 
including each activity alone and controlled for temperature, self-reported respiratory infection and exercise. COPD, chronic 
obstructive pulmonary disease.

Table 3  Results of multivariate model of factors associated 
with risk of COPD exacerbation

Variable OR 95% CI

Car/truck exhaust 4.36 1.76 10.8

Scented laundry 2.69 1.31 5.52

Temperature

 � warm versus cold 0.43 0.26 0.70

 � moderate versus cold 1.95 1.09 3.49

Self-reported respiratory infection 7.90 4.29 14.5

Exercise 0.59 0.35 1.00

AIC=351.
*2log likelihood=339.
COPD, chronic obstructive pulmonary disease.

The strongest evidence in this study suggests that self-re-
ported exposures to car and truck exhaust and scented 
laundry products were associated with an increased 
risk of COPD exacerbation. These findings were not 
confounded by any other known risk factors including 
having a respiratory infection or cold, temperature or 
outdoor air pollutants.

This case cross-over study found that the risk of COPD 
exacerbation was increased by certain environmental 

chemical exposures. These findings should be 
followed-up with investigations using quantitative expo-
sure assessments to strengthen evidence that could help 
patients with COPD manage their disease and improve 
their quality of life.
Acknowledgements  We thank K Allain, B Valenti, M Lai, C Andersson, D 
Sundaresan (Reliant Medical Group) for superb project management and the 
patients with COPD who generously agreed to participate in our study.

Contributors  DK and SS designed the study and obtained federal funding for 
this research. DK, SS and RG participated in data collection. SS took the lead on 
drafting the paper. All five authors participated in the analysis and writing of the 
paper and approved the final manuscript. DK and SS are responsible for the overall 
content.

Funding  This work was supported by grants [1R21ESO17849] from the US 
National Institute of Environmental Health Sciences and [T01-OH008424-10] from 
the US National Institute for Occupational Safety and Health.

Competing interests  None declared.

Patient consent  Detail has been removed from this case description/these case 
descriptions to ensure anonymity. The editors and reviewers have seen the detailed 
information available and are satisfied that the information backs up the case the 
authors are making.

Ethics approval  University of Massachusetts Lowell Institutional Review Board.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data sharing statement  The dataset is only available to research study team 
members.

Open Access  This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits 
others to distribute, remix, adapt and build upon this work, for commercial use, 

C
D

C
 Library. P

rotected by copyright.
 on S

eptem
ber 27, 2019 at S

tephen B
. T

hacker
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2017-000179 on 3 July 2017. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


8 Sama SR, et al. BMJ Open Resp Res 2017;4:e000179. doi:10.1136/bmjresp-2017-000179

Open Access

provided the original work is properly cited. See: http://​creativecommons.​org/​
licenses/​by/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1.	 National Institutes of Health. National Heart LaBI. Morbidity & 

Mortality: 2012 Chartbook on Cardiovascular, lung and blood 
diseases. 2012. accessed 12/16 https://www.​nhlbi.​nih.​gov/​files/​
docs/​research/​2012_​ChartBook.​pdf.

	 2.	 Antó JM, Vermeire P, Vestbo J, et al. Epidemiology of chronic 
obstructive pulmonary disease. Eur Respir J 2001;17:982–94.

	 3.	 Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in non-
smokers. Lancet 2009;374:733–43. .

	 4.	 Becklake MR. Occupational exposures: evidence for a causal 
association with chronic obstructive pulmonary disease. Am Rev 
Respir Dis 1989;140(3 Pt 2):S85–91.

	 5.	 Blanc PD, Eisner MD, Balmes JR, et al. Exposure to vapors, gas, 
dust, or fumes: assessment by a single survey item compared to a 
detailed exposure battery and a job exposure matrix. Am J Ind Med 
2005;48:110–7.

	 6.	 Blanc PD, Iribarren C, Trupin L, et al. Occupational exposures and 
the risk of COPD: dusty trades revisited. Thorax 2009;64:6–12.

	 7.	 Bourbeau J. Self-management interventions to improve outcomes in 
patients suffering from COPD. Expert Rev Pharmacoecon Outcomes 
Res 2004;4:71–7.

	 8.	 Bourbeau J, Collet JP, Schwartzman K, et al. Economic benefits of 
self-management education in COPD. Chest 2006;130:1704–11.

	 9.	 Bourbeau J, Ford G, Zackon H, et al. Impact on patients' health 
status following early identification of a COPD exacerbation. Eur 
Respir J 2007;30:907–13.

	10.	 Donaldson GC, Seemungal TA, Bhowmik A, et al. Relationship 
between exacerbation frequency and lung function decline in 
chronic obstructive pulmonary disease. Thorax 2002;57:847–52.

	11.	 GOLD. Global strategy for the diagnosis, management and 
prevention of chronic obstructive lung disease. Secondary global 
strategy for the diagnosis, management and prevention of chronic 
obstructive lung disease. 2017 http://​goldcopd.​org/​gold-​2017-​
global-​strategy-​diagnosis-​management-​prevention-​copd/.

	12.	 Wedzicha JA, Seemungal TA. COPD exacerbations: defining their 
cause and prevention. Lancet 2007;370:786–96.

	13.	 Peacock JL, Anderson HR, Bremner SA, et al. Outdoor air pollution 
and respiratory health in patients with COPD. Thorax 2011;66:591–6.

	14.	 Song Q, Christiani DC, Xiaorong W, et al. The global contribution 
of outdoor air pollution to the incidence, prevalence, mortality and 
hospital admission for chronic obstructive pulmonary disease: a 
systematic review and meta-analysis. Int J Environ Res Public Health 
2014;11:11822–32.

	15.	 Ferrari U, Exner T, Wanka ER, et al. Influence of air pressure, 
humidity, solar radiation, temperature, and wind speed on 
ambulatory visits due to chronic obstructive pulmonary disease in 
Bavaria, Germany. Int J Biometeorol 2012;56:137–43.

	16.	 Laumbach RJ, Kipen HM. Respiratory health effects of air pollution: 
update on biomass smoke and traffic pollution. J Allergy Clin 
Immunol 2012;129:3–11.

	17.	 Garcia-Aymerich J, Farrero E, Félez MA, et al. Risk factors of 
readmission to hospital for a COPD exacerbation: a prospective 
study. Thorax 2003;58:100–5.

	18.	 Johannessen A, Bakke PS, Hardie JA, et al. Association of exposure 
to environmental tobacco smoke in childhood with chronic 
obstructive pulmonary disease and respiratory symptoms in adults. 
Respirology 2012;17:499–505.

	19.	 Bernstein IL, Chan-Yeung M, Malo JL, et al; Asthma in the 
Workplace. 2nd ed. New York: Marcel Dekker, Inc, 1999.

	20.	 American Academy of Allergy, Asthma & Immunology. Asthma 
triggers and management. Secondary asthma triggers and 
management. 2016   https://www.​aaaai.​org/​conditions-​
and-​treatments/​library/​asthma-​library/​asthma-​triggers-​and-​
management.

	21.	 Worcester Cultural Coalition. Worcester City Demographics and 
Census Information 2010. Secondary Worcester City Demographics 
and Census Information 2010. 2016 http://www.​worcestermass.​
org/​home/​about-​worcester/​special-​events/​demographics-​census-​
information.

	22.	 USCensus. QuickFacts-Worcester County, Massachusetts. 
Secondary QuickFacts-Worcester County, Massachusetts. 2015 
http://www.​census.​gov/​quickfacts/​table/​PST045215/​25027.

	23.	 Barrecheguren M, Esquinas C, Miravitlles M. How can we identify 
patients with asthma-COPD overlap syndrome in clinical practice? 
Arch Bronconeumol 2016;52:59–60.

	24.	 Ferris BG. Epidemiology Standardization Project (American Thoracic 
Society). Am Rev Respir Dis 1978;118(6 Pt 2):1–120.

	25.	 Maclure M, Mittleman MA. Should we use a case-crossover design? 
Annu Rev Public Health 2000;21:193–221.

	26.	 Blanc PD, Menezes AM, Plana E, et al. Occupational exposures 
and COPD: an ecological analysis of international data. Eur Respir J 
2009;33:298–304.

	27.	 Burney PG, Luczynska C, Chinn S, et al. The European Community 
Respiratory Health Survey. Eur Respir J 1994;7:954–60.

	28.	 Burge PS. Occupation and chronic obstructive pulmonary disease 
(COPD). Eur Respir J 1994;7:1032–4.

	29.	 Elliott L, Longnecker MP, Kissling GE, et al. Volatile organic 
compounds and pulmonary function in the Third National Health and 
Nutrition Examination Survey, 1988-1994. Environ Health Perspect 
2006;114:1210–4.

	30.	 Heldal KK, Halstensen AS, Thorn J, et al. Airway inflammation 
in waste handlers exposed to bioaerosols assessed by induced 
sputum. Eur Respir J 2003;21:641–5.

	31.	 Turpin BJ, Weisel CP, Morandi M, et al. Relationships of indoor, 
outdoor, and personal air (RIOPA): part II. analyses of concentrations 
of particulate matter species. Res Rep Health Eff Inst 2007;130:1–77.

	32.	 Weisel CP, Zhang J, Turpin BJ, et al. Relationship of indoor, outdoor 
and personal air (RIOPA) study: study design, methods and 
quality assurance/control results. J Expo Anal Environ Epidemiol 
2005;15:123–37.

	33.	 Seemungal TA, Donaldson GC, Paul EA, et al. Effect of exacerbation 
on quality of life in patients with chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 1998;157(5 Pt 1):1418–22.

	34.	 DeVries R, Kriebel D, Sama S. Outdoor air pollution and COPD-
related emergency department visits, hospital admissions, and 
mortality: a meta-analysis. COPD 2017;14:113–21.

	35.	 Bourbeau J, Julien M, Maltais F, et al. Reduction of hospital 
utilization in patients with chronic obstructive pulmonary disease: 
a disease-specific self-management intervention. Arch Intern Med 
2003;163:585–91.

	36.	 Tamayo-Uria I, Altzibar JM, Mughini-Gras L, et al. Exacerbations of 
chronic obstructive pulmonary disease (COPD): an ecological study 
in the Basque country, Spain (2000–2011). COPD 2016;13:726–33.

	37.	 Ling SH, van Eeden SF. Particulate matter air pollution exposure: 
role in the development and exacerbation of chronic obstructive 
pulmonary disease. Int J Chron Obstruct Pulmon Dis 2009;4:233–43.

	38.	 Frolkis VV, Bezrukov VV, Shevchuk VG. Hemodynamics and its 
regulation in old age. Exp Gerontol 1975;10:251–71.

	39.	 Viegi G, Maio S, Pistelli F, et al. Epidemiology of chronic obstructive 
pulmonary disease: health effects of air pollution. Respirology 
2006;11:523–32.

	40.	 Nault D, Sedeno B. Living well with COPD. secondary living well with 
COPD. 2006 www.​livingwellwithcopd.​com.

C
D

C
 Library. P

rotected by copyright.
 on S

eptem
ber 27, 2019 at S

tephen B
. T

hacker
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2017-000179 on 3 July 2017. D

ow
nloaded from

 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.nhlbi.nih.gov/files/docs/research/2012_ChartBook.pdf
https://www.nhlbi.nih.gov/files/docs/research/2012_ChartBook.pdf
http://dx.doi.org/10.1183/09031936.01.17509820
http://dx.doi.org/10.1016/S0140-6736(09)61303-9
http://dx.doi.org/10.1164/ajrccm/140.3_Pt_2.S85
http://dx.doi.org/10.1164/ajrccm/140.3_Pt_2.S85
http://dx.doi.org/10.1002/ajim.20187
http://dx.doi.org/10.1136/thx.2008.099390
http://dx.doi.org/10.1586/14737167.4.1.71
http://dx.doi.org/10.1586/14737167.4.1.71
http://dx.doi.org/10.1378/chest.130.6.1704
http://dx.doi.org/10.1183/09031936.00166606
http://dx.doi.org/10.1183/09031936.00166606
http://dx.doi.org/10.1136/thorax.57.10.847
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/
http://dx.doi.org/10.1016/S0140-6736(07)61382-8
http://dx.doi.org/10.1136/thx.2010.155358
http://dx.doi.org/10.3390/ijerph111111822
http://dx.doi.org/10.1007/s00484-011-0405-x
http://dx.doi.org/10.1016/j.jaci.2011.11.021
http://dx.doi.org/10.1016/j.jaci.2011.11.021
http://dx.doi.org/10.1136/thorax.58.2.100
http://dx.doi.org/10.1111/j.1440-1843.2012.02129.x
https://www.aaaai.org/conditions-and-treatments/library/asthma-library/asthma-triggers-and-management
https://www.aaaai.org/conditions-and-treatments/library/asthma-library/asthma-triggers-and-management
https://www.aaaai.org/conditions-and-treatments/library/asthma-library/asthma-triggers-and-management
http://www.worcestermass.org/home/about-worcester/special-events/demographics-census-information
http://www.worcestermass.org/home/about-worcester/special-events/demographics-census-information
http://www.worcestermass.org/home/about-worcester/special-events/demographics-census-information
http://www.census.gov/quickfacts/table/PST045215/25027
http://dx.doi.org/10.1016/j.arbres.2015.10.008
http://dx.doi.org/10.1146/annurev.publhealth.21.1.193
http://dx.doi.org/10.1183/09031936.00118808
http://dx.doi.org/10.1183/09031936.94.07050954
http://dx.doi.org/10.1289/ehp.9019
http://dx.doi.org/10.1183/09031936.03.00059702
http://dx.doi.org/10.1038/sj.jea.7500379
http://dx.doi.org/10.1164/ajrccm.157.5.9709032
http://dx.doi.org/10.1080/15412555.2016.1216956
http://dx.doi.org/10.1001/archinte.163.5.585
http://dx.doi.org/10.1080/15412555.2016.1182145
http://dx.doi.org/10.2147/COPD.S5098
http://dx.doi.org/10.1016/0531-5565(75)90003-0
http://dx.doi.org/10.1111/j.1440-1843.2006.00886.x
www.livingwellwithcopd.com
http://bmjopenrespres.bmj.com/

