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ABSTRACT
Background There is limited data on the risk factors
and phenotypical characteristics associated with
spirometrically confirmed COPD in never-smokers in the
general population.
Aims To compare the characteristics associated with
COPD by gender and by severity of airway obstruction in
never-smokers and in ever-smokers.
Method We analysed the data from 5176 adults aged
40 years and older who participated in the initial cross-
sectional phase of the population-based, prospective,
multisite Canadian Cohort of Obstructive Lung Disease
study. Never-smokers were defined as those with a
lifetime exposure of <1/20 pack year. Logistic
regressions were constructed to evaluate associations for
‘mild’ and ‘moderate-severe’ COPD defined by FEV1/FVC
<5th centile (lower limits of normal). Analyses were
performed using SAS V.9.1 (SAS Institute, Cary, North
Carolina, USA).
Results The prevalence of COPD (FEV1/FVC<lower
limits of normal) in never-smokers was 6.4%,
constituting 27% of all COPD subjects. The common
independent predictors of COPD in never-smokers and
ever-smokers were older age, self reported asthma and
lower education. In never-smokers a history of
hospitalisation in childhood for respiratory illness was
discriminative, while exposure to passive smoke and
biomass fuel for heating were discriminative for women.
COPD in never-smokers and ever-smokers was
characterised by increased respiratory symptoms,
‘respiratory exacerbation’ events and increased residual
volume/total lung capacity, but only smokers had
reduced DLCO/Va and emphysema on chest CT scans.
Conclusions The study confirmed the substantial
burden of COPD among never-smokers, defined the
common and gender-specific risk factors for COPD in
never-smokers and provided early insight into potential
phenotypical differences in COPD between lifelong
never-smokers and ever-smokers.
Trial registration number NCT00920348
(ClinicalTrials.gov); study ID number: IRO-93326.

INTRODUCTION
The occurrence of COPD in never-smokers is not
widely appreciated, despite the fact that the relative
burden of COPD in never-smokers is high in

developing1 and developed countries,2 accounting
for about 30%3–7 of all COPD in the community.
There is limited information on the risk factors asso-

ciated with spirometrically confirmed COPD in never-
smokers in the general population.5 8 9 and more data
from population-based studies are needed.10

Risk factor exposures may differ between
sexes.11 In developing countries, biomass fuel
exposure has been consistently linked with chronic
bronchitis and spirometrically defined COPD in
women.10 12 Limited data from population-based
studies suggest that there could be different clinical
and gender-related risk exposure profiles between
smoking and non-smoking COPD.6 13

There is uncertainty on the clinical relevance of
COPD in never-smokers because of the lack of clin-
ical data on never-smokers with irreversible airflow
limitation in comparison to that in smokers. Such
uncertainty raises doubt about whether irreversible
airflow limitation in ever-smokers and never-
smokers should be managed differently.10 14

Key messages

What is the key question?
▸ What are the clinical characteristics and

associated factors for COPD in never-smokers in
the general population and are they different
from those of COPD in ever-smokers?

What is the bottom line?
▸ The results clearly showed that the COPD in

never-smokers forms a substantial burden in
the population; that there are gender-specific
differences in never smokers with COPD and
that there are physiological and radiographic
differences between COPD in never-smokers
compared with that in ever-smokers.

Why read on?
▸ The study highlights the substantial burden of

COPD among never-smokers and provides
additional data on the sex differences profiling
never-smokers COPD and early insight into
phenotypical differences for COPD in lifelong
never-smokers and ever-smokers.
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Whether never-smokers with COPD share the phenotypes as
their smoking counterparts is unclear. Few studies performed
simultaneous evaluation of COPD in never-smokers and ever-
smokers in the same study.6 7 Such evaluation would facilitate
comparison of COPD in never-smokers with COPD in ever-
smokers10 and provide insight into potential phenotypical
differences in tobacco and non-tobacco related COPD at the
population level. Hence, population-based studies using spirom-
etry, including gender and systematic comparison of never-
smokers and ever-smokers are needed to address this gap in our
understanding of COPD in never-smokers.10

In this study, we analysed the data from the initial cross-sectional
phase of the population-based, prospective Canadian Cohort of
Obstructive Lung disease (CanCOLD) study. The primary object-
ive was to determine the characteristics associated with COPD
defined by postbronchodilator spirometry in never-smokers and
ever-smokers in the general population. As a secondary objective,
in a subgroup of the population cohort who had additional radio-
logical and physiological data, we compared respiratory symptoms
and exacerbations, plethysmographic lung volumes and DLCO
abnormalities, and prevalence of emphysema on CT in never-
smokers and ever-smokers, with and without COPD.

MATERIALS AND METHODS
Study population
The data from 5176 people from the general population, aged
40 years and older were evaluated. Data were collected between
August 2005 and May 2009, in a large cross-sectional multisite,
population-based study on lung health, which constituted the
cross-sectional phase of the prospective longitudinal CanCOLD
study. The study was initiated in Vancouver as part of the Burden
of Obstructive Lung Disease (BOLD) study15 and then completed
in eight other Canadian cities. The sampling strategy and study
protocol of the baseline cross-sectional part of the study were the
same as that used in the international BOLD initiative, the full
details of which have been published elsewhere.15 16

Briefly, random samples were drawn from census data from
Statistics Canada (Survey and Analysis Section; Victoria, Canada)
and comprised of non-institutionalised adults, aged 40 years and
older in nine urban cities across Canada (Vancouver, Montreal,
Toronto, Halifax, Calgary, Quebec City, Kingston, Saskatoon and
Ottawa). Recruitment was conducted by Nordic Research Group
(NRG) Research group (Vancouver, Canada) by random tele-
phone digit dialling to identify eligible individuals15 16 who were
invited to attend a clinic visit to complete interviewer-
administered respiratory questionnaires and to perform pre-
bronchodilator and postbronchodilator spirometry.15 16 The
mean clinic visit participation rate was 74% (range 63–87%).16

Definitions
Ever-smokers and never-smokers
The whole cohort was stratified into ever-smokers and never-
smokers. Never-smokers were defined as individuals who had
not smoked in their lifetime, more than 1 cigarette per day for
1 year (<1/20 pack years).15

COPD and Non-COPD subgroups
Two spirometric definitions for COPD were used: (A) ‘COPD
definition derived from the Global Initiative for Chronic
Obstructive Lung Disease (GOLD)17 based on postbronchodila-
tor FEV1/FVC <0.70; and (B) the alternative definition for
COPD as FEV1/FVC <5th centile (lower limits of normal, LLN).
Ever-smokers and never-smokers were stratified into
‘Non-COPD’ and ‘COPD’ subgroups defined by FEV1/FVC

<0.7 (GOLD criteria) or by FEV1/FVC<LLN, for comparison of
the associated factors for COPD. Severity of COPD subgroups
was further defined as mild (FEV1%pred ≥80%) or moderate-
severe (FEV1%pred <80%). The reference equations derived
from Hankinson et al18 were used in the spirometric definitions.

Exposures
Passive smoking at home was evaluated by asking the question:
“has anyone living in your home (besides yourself ) smoked a cig-
arette, pipe, or cigar in your home during the past two weeks.”

Biomass fuel exposure was defined as a lifetime exposure of
10 years or greater from the use of indoor fire using (1) coal or
coke; (2) wood, crop residues or dung as the primary means of
cooking or heating (details in online supplementary file).

Physiological and CT measurements
A subset of individuals who had CT scans of thorax and full lung
function tests were assessed to determine the frequencies of
emphysema, chronic respiratory symptoms and exacerbations
and physiological measures of lung volumes and transfer factor
(DLCO/Va).19 We had information on respiratory symptoms and
exacerbations in 4890 subjects (2292 never-smokers and 2598
ever-smokers); pulmonary function testings in 977 subjects (456
never-smokers and 521 ever-smokers) and CT scans in 835 sub-
jects (394 never-smokers and 441 ever-smokers). The grading of
CT scans was done by two senior radiologists independently and
blinded to the COPD or smoking status of subjects. Visually
defined emphysema score was computed by the summation of
the scores of the upper, middle and lower zones of right and left
lungs on the CT scan using the method described in the
COPDGene study.20

All participants gave written informed consent.

Statistical analysis
All statistical analyses were performed using SAS V.9.1 (SAS
Institute, Cary, North Carolina, USA). A two-sided p<0.05,
with adjustment for multiple comparisons using the Holm-
Bonferroni correction was considered statistically significant.

Descriptive statistics are shown as counts and percentages for
categorical data and means and SDs for continuous variables,
unless otherwise stated.

Comparisons of variables between ever-smokers and never-
smokers and between ‘non-COPD’ and ‘COPD’ were performed
using Kruskal-Wallis test and χ2 test for continuous variables and
categorical variables, respectively. Unweighted and weighted
prevalences of COPD were calculated by smoking status for
men and women.

To address the determinants for COPD, multivariable logistic
regression models (parsimonious and full) were constructed to
evaluate associations in all never-smokers and all ever-smokers;
separately by sex and by COPD severity qualified by post- bron-
chodilator FEV1% predicted ≥80% and <80%. Covariates in
the model included: age, body mass index (BMI) and years of
education; exposure to organic dust, inorganic dust, biomass
fuel (cooking or heating), environmental/passive tobacco smoke;
history of childhood hospitalisation; cardiovascular comorbidity
(heart disease, hypertension or diabetes); asthma and TB (details
in online supplementary file).

RESULTS
Of 5176 participants, 4893 (94%) individuals had spirometric
measurements, which satisfied the American Thoracic Society
(ATS) acceptability and repeatability criteria21 and were used in
the analysis in the study.
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Characteristics of never-smokers and ever-smokers in the
study population
The study population comprised 47% never-smokers and 53%
ever-smokers.

Table 1 shows the demographic characteristics and exposure
types and use of respiratory medications in the whole cohort
stratified by smoking status. Compared with ever-smokers,
never-smokers were younger, included more women, had lower
BMI, had more years of education, had lower frequencies of
exposure to inorganic dust and noxious gases or vapours at
work, and comorbidities, but had similar frequencies of self-
reported physician diagnosis of asthma and TB, and use of
respiratory medications

Prevalence of COPD in never-smokers and
ever-smokers by sex
Never-smokers accounted for 29% of all COPD identified by
spirometry in the study.

The prevalence of airflow obstruction was 6.43% in never-
smokers and 15.28% in ever-smokers when FEV1/FVC <5th

centile, LLN criteria was used. Of ever-smokers with COPD,
62% had moderate-severe airflow obstruction (FEV1%pred
<80%) compared with 43% of never-smokers with COPD
(p<0.05).

Figure 1 shows that COPD in never-smokers was more likely
to affect women (7.4%) compared with men (5.0%)
(p<0.0322). In contrast, COPD rates among smokers were
similar for women and men.

Factors independently associated with COPD in
never-smoking men and women
Table 2 shows the adjusted OR and 95% CI from the multivari-
able logistic regression analyses for determining the ‘risk factors’
associated with COPD (defined by FEV1/FVC<LLN). In never-
smokers with COPD of all severity, the common independent
associations were older age and a history of asthma. For mild
COPD, fewer years of education was a discriminative factor in
men and passive smoking at home and cardiovascular comorbid-
ities (heart disease or systemic hypertension or diabetes) were
discriminative factors in women. For moderate and severe

Table 1 Demographic, exposure and clinical characteristics of the study population by smoking status (never-smokers vs ever-smokers)

Never-smokers
n=2295 Per cent

Ever-smokers
n=2598 Per cent Adjusted p value*

Sex (men) 891 38.82 1205 46.38 0.0023
Ethnicity (Caucasian) 2019 88.0 2456 94.5 0.0022
Age, year, mean±SD 55.69±11.17 – 58.18±11.03 – 0.0021
Age, years 0.0020
40–49 702 30.59 672 25.87 –

50–59 750 32.68 811 31.22 –

60–69 501 21.83 674 25.94 –

70+ 342 14.90 441 16.97 –

BMI, kg/m2, mean±SD 27.51±5.66 – 28.27±5.96 – 0.0019
Education, year, mean±SD 16.06±3.51 – 14.81±3.49 – 0.0018
Pack years >20 – – 1231 47.38 –

Exposures
Organic dust 202 8.80 243 9.35 1.0000
Inorganic dust 46 2.00 112 4.31 0.0017
Gases/vapours 89 3.88 155 5.97 0.0112
Biomass fuel†

≥10 years cooking 196 12.03 225 13.16 1.0000
≥10 years heating 246 15.10 312 18.25 0.1639

Passive smoking at home 106 4.62 361 13.90 0.0016
Childhood hospitalisation for respiratory illness 111 4.84 173 6.66 0.0871

Comorbidities, ever
HD/HT/DM‡ 728 31.72 999 38.45 0.0015
Asthma 369 16.08 424 16.32 1.0000
TB 31 1.35 35 1.35 0.9914

Use of respiratory medications 746 32.6 855 32.9 1.0000
Prescribed medication 416 18.2 534 20.6 0.149
Bronchodilator 272 11.9 373 14.4 0.1224
Inhaled steroid 332 14.5 428 16.5 0.4432
Oral steroid 10 0.4 10 0.4 1.0000
Anti-inflammatory (other) 16 0.7 21 0.8 1.0000
OTC§ medication 306 13.4 290 11.2 0.1341

Data are mean±SD or count and %. p Values of tests between never-smokers and ever-smokers; Kruskal-Wallis test (without assumption of normal distribution of data) and χ2 test are
used for continuous variables and categorical variables, respectively.
*p Values adjusted after Holm-Bonferroni correction.
†Calculated based on six sites with available biomass data.
‡Heart disease, systemic hypertension or diabetes.
§Includes antihistamines, decongestants and antitussives.
BMI, body mass index; HD/HT/DM, heart disease/ systemic hypertension/diabetes mellitus.
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COPD, the additional common ‘risk factor’ was childhood hos-
pitalisation for respiratory disease, while exposure to biomass
fuel used for heating purposes for at least 10 years was a dis-
criminative factor in women. Using the alternative definition for
COPD (FEV1/FVC <0.7) and grading of mild (FEV1%pred
≥80%) and moderate-severe (FEV1%pred <80%), the results
(not shown) remained unchanged.

Factors associated with COPD in ever-smokers
There was no sex-related difference in risk factors for COPD in
ever-smokers. Table 3 shows that the independently associated
factors for COPD of all grades of severity (mild, moderate and
severe) in ever-smokers were older age, pack years >20 and a
self-reported history of physician diagnosed asthma. Low BMI
was an associated factor for mild COPD while fewer years of
education was an associated factor for moderate and severe
COPD.

Comparison of clinical, physiological and structural
characteristics of COPD in never-smokers with COPD in
ever-smokers
Figures 2–4 show the comparisons of COPD versus non-COPD
for (A) respiratory symptoms including exacerbations and self-
reported ever asthma (figure 2); (B) respiratory physiology
(figure 3); and (C) visually defined emphysema, bronchiolitis

and bronchiectasis on CT scans for never-smokers and ever-
smokers (figure 4). Regardless of smoking status, individuals
with COPD compared with those without COPD had more fre-
quent respiratory symptoms of chronic cough, chronic phlegm,
dyspnoea on exertion, wheeze in the last year; more likely to
have previous experiences of respiratory exacerbations, and
increased residual volume/total lung capacity ratio. Ever-
smokers with COPD had increased total lung capacity, reduced
transfer factor (DLCO/Va) and increased frequency of visually
defined emphysema on CT scan compared with never-smokers
with COPD. The prevalence of radiological bronchiectasis on
CT was not significantly increased in COPD in smokers and
non-smokers (details in online supplementary table S4).

DISCUSSION
We have found similarities and differences in the characteristics
of COPD between never-smokers and ever-smokers. First, we
showed in this population study that never-smokers accounted
for nearly 30% of the total burden of COPD in the community
and that never-smokers with COPD were predominantly
women. Second, the factors independently associated with
COPD in never-smokers for men and women included increas-
ing age, a diagnosis of asthma and severe childhood respiratory
disease while passive smoking and exposure to biomass fuel
heating were independent factors for COPD in women. No
gender-specific difference in associated factors for COPD was
found in ever-smokers, in whom COPD was similarly linked
with increasing age, a diagnosis of asthma, severe childhood
respiratory disease, but additionally, with increasing lifetime
exposure (pack years) to cigarette smoking. Finally, in a prelim-
inary evaluation of a subset of the cohort to assess phenotypical
differences in COPD, we showed that COPD in never-smokers
and ever-smokers had a similar respiratory symptoms profile but
were different in radiological and physiological presentations.

The finding in this study that nearly 30% of all people diag-
nosed with COPD have never smoked was consistent with
reported proportions of 25–30% in USA,5 Europe4 7 and
China.1 6 As 47% of our study population were never-smokers,
and 10% of these had COPD, this would translate into an
overall population prevalence of 4.7% or 1.08 million indivi-
duals with airway obstruction in a population of about 23
million Canadians aged 40 years or older. Notably, about 70%

Figure 1 Weighted prevalence (%) of COPD (FEV1/FVC<LLN) by sex,
in never-smokers and ever-smokers. Pale column=men, dark
column=women. LLN, lower limits of normal.

Table 2 Adjusted OR (aOR) for independent predictors associated with risk of different severity of COPD defined by lower limits of normal in
male and female never-smokers

Variables

COPD mild COPD moderate-severe

All Men Women All Men Women

Age, +70 years (vs 40–49 years) 2.19* (1.15 to 4.16) 2.50 (0.77 to 8.16) 2.28* (1.02 to 5.06) 4.46* (1.84 to 10.8) 6.09* (1.14 to 35.4) 3.54* (1.23 to 10.1)
Education (# years) 0.98 (0.92 to 1.04) 0.88* (0.78 to 0.99) 1.02 (0.95 to 1.11) 0.95 (0.88 to 1.02) 0.96 (0.83 to 1.10) 0.94 (0.86 to 1.03)
Biomass, ≥10 years heating
(yes/no)†

0.88 (0.39 to 1.96) 2.09 (0.59 to 7.44) 0.62 (0.21 to 1.82) 2.26 (0.93 to 5.52) 0.44 (0.08 to 2.42) 3.58* (1.42 to 9.01)

Passive smoking (yes/no) 2.18 (0.99 to 4.75) 1.33 (0.26 to 6.72) 2.60* (1.05 to 6.43) 1.25 (0.42 to 3.73) 0.69 (0.08 to 6.21) 1.65 (0.46 to 5.88)
Childhood hospitalisation for
respiratory illness (yes/no)

1.57 (0.68 to 3.62) 2.95 (0.84 to 10.4) 1.18 (0.35 to 4.00) 4.80* (2.43 to 9.46) 10.1* (3.71 to 27.5) 2.24 (0.73 to 6.84)

HD/HT/DM‡ (yes/no) 0.72 (0.43 to 1.21) 1.55 (0.61 to 3.95) 0.51* (0.26 to 0.98) 1.11 (0.63 to 1.94) 1.48 (0.57 to 3.90) 1.07 (0.53 to 2.16)
Asthma (yes/no) 2.23* (1.36 to 3.66) 3.39* (1.25 to 9.21) 2.14* (1.20 to 3.82) 4.94* (2.94 to 8.30) 7.34* (3.01 to 17.9) 3.89* (2.02 to 7.50)

Data are aORs and 95% CI. Adjustment made for all other covariates in model: BMI, exposure to organic dust, inorganic dust, gases/vapours, biomass cooking ≥10 years and TB. Plus
sex (for ‘all’ cohorts).
*Significant at 5% level (all variables shown in online supplementary table X2).
†Calculated based on six sites with available biomass data.
‡Heart disease, systemic hypertension or diabetes.
BMI, body mass index; HD/HT/DM, heart disease/ systemic hypertension/diabetes mellitus.
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were women, suggesting that women could be more susceptible
to non-smoking risk factors associated with COPD.11 22 We did
not observe this gender distribution in COPD for ever-smokers,
conceivably due to the overriding effect of tobacco smoke
exposure in the causation of COPD.

The finding of sexual dimorphism in risk factors for COPD is
intriguing. A positive history of environmental tobacco smoke
exposure (passive smoking) and prolonged (>10 years) expos-
ure to biomass fuels combustion for heating were factors inde-
pendently associated with COPD in women. Biomass fuel
combustion had been clearly linked with the occurrence of
COPD in women in developing countries such as India2 and
China1 but to our knowledge had not been reported in the
developed countries of North America or Western Europe. Our
finding that exposure to biomass fuel combustion was related to
moderate and severe COPD in Canada cautioned against the
general assumption that the risk of biomass fuel exposure was
not a relevant risk factor for COPD among women in devel-
oped countries.23 24 However, it is unclear what biomass

exposure represents in Canada, where the exposure frequencies
of 11–14% seem to be higher than that (5%) quoted for devel-
oped countries.25 Conceivably it could be a surrogate for
poverty or social economic status,12 or could be due to behav-
ioural, environmental and lifestyle differences between men and
women though differences in biological or genetic predispos-
ition could not be excluded.11 22 26 Further clarification requires
studies on detailed and seasonal household air quality data and
longitudinal follow-up data.

A pivotal finding in this study is that a history of asthma is the
most consistent independently associated factor for COPD
regardless of smoking status. Long-standing asthma and the risk
for COPD as defined by the presence of non-fully reversible
chronic airway obstruction has been well documented in
smokers and never-smokers.10 Individuals with chronic asthma
have a greater than normal rate of decline in lung function with
age, further magnified by presence of smoking.24 27 The find-
ings in this study that self-reported concurrent doctor-diagnosis
of asthma occurred in 36% of all COPD in never-smokers and

Table 3 Adjusted OR (aOR) for independent predictors associated with risk of different severity of COPD defined by lower limits of normal in
male and female ever-smokers

Variables

COPD mild COPD moderate-severe

All Men Women All Men Women

Age, +70 years (vs 40–49
years)

3.01* (1.66 to 5.46) 4.19* (1.75 to 10.0) 2.23 (0.96 to 5.21) 11.58* (6.58 to 20.4) 11.27* (5.01 to 25.4) 12.64* (5.48 to 29.2)

BMI (kg/m2) 0.95* (0.92 to 0.98) 0.94 (0.89 to 0.99) 0.95* (0.91 to 0.99) 0.99 (0.96 to 1.01) 0.97 (0.93 to 1.02) 0.99 (0.96 to 1.02)
Current smoking (vs former) 1.73* (1.15 to 2.62) 2.52* (1.34 to 4.71) 1.33 (0.76 to 2.32) 2.89* (2.04 to 4.10) 3.61* (2.04 to 6.38) 2.53* (1.61 to 3.98)
Pack years 20+ (vs 0–10) 2.52* (1.53 to 4.14) 2.58* (1.18 to 5.61) 2.52* (1.31 to 4.83) 3.57* (2.26 to 5.62) 2.82* (1.43 to 5.58) 4.16* (2.24 to 7.73)
Education (# years) 1.00 (0.96 to 1.05) 1.02 (0.95 to 1.10) 0.98 (0.91 to 1.05) 0.94* (0.90 to 0.98) 0.94* (0.86 to 0.99) 0.93* (0.88 to 0.99)
Asthma (yes/no) 2.51* (1.67 to 3.76) 2.74* (1.41 to 5.33) 2.25* (1.33 to 3.82) 3.82* (2.72 to 5.35) 4.58* (2.64 to 7.95) 3.22* (2.08 to 4.96)

Data are aORs and 95% CI. Adjustment made for all other covariates in the table plus sex (for ‘all’ cohorts), exposures to organic dust, inorganic dust, gases/vapours, biomass cooking
≥10 years, biomass heating ≥10 years and childhood hospitalisation for respiratory illness, HD/HT/DM and tuberculosis.
*Significant on 5% level (all variables shown in online supplementary table X3).
†Calculated based on six sites with available biomass data.
BMI, body mass index; HD/HT/DM, heart disease/ systemic hypertension/diabetes mellitus.

Figure 2 Comparison of the
proportion (%) of non-COPD and
COPD subgroups who had respiratory
symptoms (dyspnoea, chronic cough,
chronic phlegm, ever-wheeze,
exacerbation), history of exacerbations
and ever-asthma in 2292
never-smokers (2131 non-COPD (grey
column) and 161 COPD (black
column)) (upper part of figure); and in
2598 ever-smokers (2202 non-COPD
(grey column) and 396 COPD (black
column)) (lower part of figure). An
exacerbation was defined as ‘a period
of worsening of breathing problems
that got so bad that it interfered with
usual daily activities or caused the
individual to miss work’. *Proportion
(%) in ever-smoking COPD significantly
greater than that in never-smoking
COPD (additional details in online
supplementary table S4).
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30% of COPD in ever-smokers, are consistent with published
proportions of between 15% and 55% of patients with COPD,
a combination which could alternatively be labelled as the
‘asthma-COPD overlap syndrome’.17

In our study population, a history of childhood hospitalisa-
tion for respiratory illness was also a significant predictor of
COPD irrespective of smoking status, presumably through the
negative effect on lung function described in several studies
which found an adverse association between early childhood
lung infections and FEV1.

17 Such childhood ‘disadvantages’
which collectively could also include maternal smoking during

childhood, poverty and low socioeconomic status, might be as
important as heavy smoking in predicting lung function and
increasing the individual’s risk of developing COPD.28

Finally, the paucity of phenotypical data in never-smokers
with chronic airflow obstruction had long cast doubt on aligning
COPD in never-smokers with COPD in ever- smokers.10 14 In
the Copenhagen General Population Study on outcomes of
COPD, Thomsen et al29 reported increased risk of respiratory
hospitalisations but not of total mortality for never-smoking
individuals with COPD compared with smokers with COPD. To
our knowledge, physiological and CT characteristics of COPD
in never-smokers versus ever-smokers from the general popula-
tion had not been systematically studied. In a preliminary com-
parative analysis of clinical variables, respiratory physiology and
visual scores from multiple detector computed tomography scan
of the lungs in individuals with and without COPD in never-
smokers and ever-smokers, we found that there were phenotyp-
ical differences between COPD in never-smokers and ever-
smokers in the general population. It is intriguing that respira-
tory symptoms such as chronic cough, chronic phlegm and
wheeze and exertional dyspnoea are features of COPD regard-
less of smoking status though more frequent in ever-smokers.
The burden of respiratory exacerbations, an outcome29 and a
phenotypical feature for COPD,30–32 was also equally prevalent
in ever-smokers and never-smokers with COPD.

The key differences appeared to be physiological and radio-
logical. Although never-smokers and ever-smokers with COPD
had lung hyperinflation and air trapping, never-smokers with
COPD were less likely to have emphysema on CT scan and
hence by default labelled as ‘airway predominant phenotype’20

compared with smokers with COPD who were more likely to
have a reduced diffusing capacity and emphysema, hence
‘emphysema predominant phenotype’. These initial findings
provide some insight into potential phenotypical differences31 33

but should be interpreted with caution and await validation
from longitudinal data of the study.

Limitations
There are potential limitations in this study. First, the ideal def-
inition for COPD remains controversial.34 35 In this analysis, we

Figure 3 Comparison of respiratory physiology measurements
residual volume/total lung capacity (%), functional residual capacity
(FRC) (litres) and DLCO/Va (mL/min/mm Hg/l) in 456 never-smokers
(346 non-COPD (grey column) and 110 COPD (black column)) (upper
part of figure)); and in 521 ever-smokers (312 non-COPD (grey column)
and 209 COPD (black column)) (lower part of figure). *Measurements
in ever-smoking COPD significantly different from that in never-smoking
COPD (additional details in online supplementary table S4).

Figure 4 Comparison of thoracic CT
scan findings: the proportion (%) of
non-COPD and COPD subgroups with
presence of visually defined
emphysema, bronchiolitis and
bronchiectasis in 394 never-smokers
(308 non-COPD (grey column), 86
COPD (black column)) (upper part of
figure); and in 441 ever-smokers (273
non-COPD (grey column) and 168
COPD (black column)) (lower part of
figure). *Proportion (%) in
ever-smoking COPD significantly
greater than that in never-smoking
COPD (additional details in online
supplementary table S4).
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had used two spirometric definitions of airflow obstruction as
study definitions of COPD, namely the GOLD definition: and
the alternative definition, (LLN), but chose to present results
from the LLN definition. COPD disease severity was assumed in
each case by the level of FEV1% predicted.8 35 Another limita-
tion is that, in our analysis, a doctor diagnosis of asthma was
self-reported rather than from health records and hence could
be affected by recall bias. We did not exclude individuals with
asthma from the analysis as asthma was equally prevalent in
ever-smokers and never-smokers. Hence, some of the patients
we were labelling as COPD may have had fixed airflow obstruc-
tion and remodelling related to long-standing asthma, and some
may have had poorly controlled asthma which was not com-
pletely reversed with bronchodilators. Another caveat is the
weak definition of passive smoking. Lastly, only cross-sectional
data were used in the analysis. Hence these findings should be
interpreted with caution as confirmation would require data
from the longitudinal phase of the study.

CONCLUSION
In summary, the study confirmed the substantial burden of
COPD among never-smokers, defined the common and gender-
specific risk factors for COPD in never-smokers and provided
early insight into potential phenotypical differences in COPD
between lifelong never-smokers and ever-smokers. The establish-
ment of phenotypical differences for COPD in never-smokers
and ever-smokers could provide clearer outcomes needed for
better COPD management and for clinical trials to evaluate
novel treatments for COPD.
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“Characteristics of COPD in Never-smokers and Ever-smokers in the general 

population: results from the CanCOLD study.” 

 

Definitions 

1. Occupational exposure was evaluated by asking participants whether they had worked ≥ 

3 months and the number of years spent in each occupation suspected to be associated 

with risk of COPD. For analysis, occupational exposure was grouped in 3 categories: 

a. organic dust ( eg farming ; forestry and fish-processing); 

b. inorganic (eg asbestos, hard rock mining);  

c. irritant gases/fumes/vapours ( e.g firefighting, chemical or plastic manufacturing).  

 

2. A respiratory “exacerbation” = Yes to question “ever had a period when breathing problems 

got so bad that they interfered with usual dailyactivities or resulted in missing work?” 

 

 

Spirometry Testing:  

Spirometry was performed by trained and certified technicians using the ndd Easyone spirometer 

( ndd Medical Technologies, Zurich, Switzerland). before and 15 minutes after two puffs of 

salbutamol ( 200ug) administered from a metered dose inhaler via a volumatic spacer. The 

quality of all tests was reviewed centrally in the CanCOLD study pulmonary function reference 

center in Vancouver, Canada. 

 

 

 

 

 

 

 

 

 

 



 

Variables explained 

Variable Explanation 

Education How many years of schooling have you completed? 

Childhood hospitalization Were you hospitalized as a child for breathing problems prior to the 
age of 10? 

HD/HT/DM Has a doctor or other care provider ever told you that you had heart 
disease, hypertension or diabetes?   

Asthma Has a doctor or other health care provider ever told you that you have 
asthma, asthmatic bronchitis or allergic bronchitis? 

Pack years # of packs ( 20 cigarettes/pack) per day multiplied by number of 
smoking years  

Pack years (categorical) 0=never,1=0-<10,2=10-<20,3=20+ 

Organic dust Have you ever worked for 3 months or more at any of the following 
occupation? Flour, feed or grain milling; cotton or jute processing; 
farming; forestry; saw-milling. 

Inorganic dust Have you ever worked for 3 months or more at any of the following 
occupation? Hard rock mining; coal mining; sandblasting; working 
with asbestos; foundry or steel milling.  

Gas/vapours Have you ever worked for 3 months or more at any of the following 
occupation? Chemical or plastics manufacturing; welding; fire 
fighting; oil drilling; gas well.  

Tuberculosis  Has a doctor or other care provider ever told you that you had 
tuberculosis? 

Chronic cough Do you cough on most days for as much as three months each year and 
has this cough for more than 2 years? 

Chronic phlegm Do you bring up the phlegm on most days for as much as three months 
each year and has this phlegm for more than 2 years? 

Wheeze Have you had this wheezing or whistling in your chest at any time in 
the last 12 months? 

Dysnoea score Are you unable to walk due to a condition other than shortness of 
breath? If yes, no dysnea score. If no, dysnea score is 1. And answer 
the following questions: are you troubled by shortness of breath when 
hurrying on the level or walking up a slight hill? If yes, dyspnea 
score=2. Do you have a walk slower than people of your age on level 
ground because of shortness of breath or do you ever have to stip for 
breath when walking at your own pace on level ground? If yes, 
dyspnea score=3. Do you ever have to stop for breath after walking 
about 100 yards (or after afew minutes) on level ground? If yes, 
score=4. Are you too short of breath to leave the house or short of 
breath on dressing or undressing? If yes, score=5. 

Dysnea on exertion If score>=2 then yes. 

COPD Has a doctor or other care provider ever told you that you had COPD? 
Chronic bronchitis  Has a doctor or other care provider ever told you that you had chronic 

bronchitis? 

Emphysema Has a doctor or other care provider ever told you that you had 
emphysema? 

Stroke Has a doctor or other care provider ever told you that you had stroke? 

Worked in any dusty job >1 yr Have you ever worked for a year or more in a dusty job? 
 



 

Biomass fuel exposure 

 

 Biomass fuel questionnaire used in this study was the same standardized and validated 
questionnaire that was used in the BOLD initiative and administered face-to-face by trained and 
accredited researcher coordinators according to the BOLD protocol for eliciting questionnaire 

responses, the results of which had been widely published. In this study, we had defined the 
presence of biomass fuel exposure for cooking and for heating in a conservative way as follows:  

 
Biomass cooking: 

1. Has an indoor open fire with coal or coke been used in your home as a primary 

means of cooking for more than 6 months in your life? 
2. For how many years has coal or coke been used for cooking in your home?  

3. Has an indoor open fire with wood, crop residues or dung been used in your 
home as a primary means of cooking for more than 6 months in your life? 

4. For how many years have wood, crop residues or dung been used for cooking in 

your home? 
Code:  

If Question1=yes and Question2>=9 then biomass cooking=yes; or  
If Question3=yes and Question4>=9 then biomass cooking=yes. 
Otherwise biomass cooking=no. 

 
Biomass heating:  

1. Have you used an open fire with coal or coke as a primary means of heating your 
home for more than 6 months in your life? 

2. For how many years have you used an open fire with coal or coke as a primary 

means of heating your home? 
3. Have you used an open fire with wood, crop residues or dung as a primary means 

of heating your home for more than 6 months in your life?  
4. For how many years have you used an open fire with wood, crop residues or 

dung as a primary means of heating your home? 

Code:  
If Question1=yes and Question2>=9 then biomass heating=yes; or  

If Question3=yes and Question4>=9 then biomass heating=yes. 
Otherwise biomass heating=no. 
 

 
Statistic analysis- Holm-Bonferroni correction 

Multiple hypotheses testing was corrected using the Holm-Bonferroni correction (Ref: Van Bell 
G, Fisher L, Heagerty P, Lumley T. Multiple Comparisons In Biostatistics: A Methodology for 
the Health Sciences. 2 ed. Seattle, Washington: Wiley-Interscience, 2004). The Holm-Bonferroni 

adjusted p-values were determined by ordering p-values from smallest to largest, with the 
smallest p-value multiplied by k, where k is the number of hypotheses to be tested.  If the 

resulting modified p-value was less than α (Type I error rate) the hypothesis was rejected.  The 
next smallest p-value was then multiplied by k-1 and the new modified p-value was compared to 
α.  This process was repeated until the modified p-value could not be rejected.  
 



 
Table S1 (complements Table 1 in manuscript): Demographics of never smokers and ever smokers by sex. 

 
Men  Women   

 

Never 

Smokers 

n=891 

Ever Smokers 

n=1205 

Adjusted 

P
*£

 
 

Never 

Smokers 

n=1404 

Ever 

Smokers 

n=1393 

Adjusted 

P
*£

 
 

Adjusted 

P
**£

 

Sex(men) - - -  - - -  - 

Ethnicity(Caucasian) 803(90.1%) 1118(92.8%) 0.1485  1216(86.6%) 1338(96.1%) 0.0015  0.0936 

Age, yr, mean±sd 56.1(11.0) 58.8(11.4) 0.0015  57.1(11.3) 57.7(10.7) 0.3997  0.2485 

Age   0.0014    0.8484  0.4218 

    40-49 296(33.2%) 306(25.4%) -  406(28.9%) 366(26.3%) -  - 

    50-59 284(31.9%) 352(29.2%) -  466(33.2%) 459(33.0%) -  - 

    60-69 190(21.3%) 316(26.2%) -  311(22.2%) 358(25.7%) -  - 

    70+ 121(13.6%) 231(19.2%) -  221(15.7%) 210(15.1%) -  - 

BMI, kg/m
2, 

mean±sd
 

27.7(4.7) 28.3(5.0) 0.0351  27.4(6.2) 28.3(6.7) 0.0132  0.0015 

Education, yr, mean±sd 16.8(3.4) 15.0(3.7) 0.0013  15.6(3.5) 14.6(3.3) 0.0014  0.0014 

Pack years>20 - 644(53.4%)   - 587(42.1%)    

Exposures          

    Organic dust 118(13.2%) 166(13.8%) 1.0000  84(6.0%) 77(5.5%) 0.6052  0.0013 

    Inorganic dust 41(4.6%) 102(8.5%) 0.005  5(0.4%) 10(0.7%) 0.9515  0.0012 

    Gases/Vapours 72(8.1%) 124(10.3%) 0.3436  17(1.2%) 31(2.2%) 0.388  0.0011 

    Biomass fuel
#
          

    ≥10 years cooking 66(10.9%) 119(15.2%) 0.1337  129(12.7%) 107(11.5%) 0.8216  0.2196 

    ≥10 years heating 84(13.9%) 149(19.0%) 0.0848  159(11.4%) 166(11.9%) 0.806  0.2232 

    Passive smoking at home 39(4.4%) 165(13.7%) 0.0012  67(4.8%) 196(14.1%) 0.0013  1.0000 
    Childhood 
    hospitalization for respiratory illness 

56(6.3%) 80(6.6%) 0.7602  55(3.9%) 93(6.7%) 0.0121  0.0846 

Co-morbidities, ever          

    HD/HT/DM
$ 

287(32.2%) 534(44.3%) 0.0011  441(31.4%) 465(33.4%) 0.7962  0.6879 

    Asthma 113(12.7%) 129(10.7%) 0.4845  256(18.2%) 295(21.2%) 0.4527  0.004 

    Tuberculosis 6(0.7%) 22(1.8%) 0.1386  25(1.8%) 13(0.9%) 0.4232  0.1757 

Data are mean(SD) or count(%). 
*
P values of difference tests between never smokers and ever smokers; Kruskal-Wallis test (without assumption of normal 

distribution of data) and chi-squared test are used for continuous variables and categorical variables, respectively. 
**

P values of difference tests between men and 
women in never smokers. 

#
Calculated based on 6 sites with available biomass data. 

$
Heart disease, systemic hypertension or diabetes. 

£
p values adjusted by Holm-

Bonferroni correction. 
 
 
 
 
 



 
 
 
Table S2: Characteristics, respiratory symptoms, self-reported physician diagnoses and occupational & domestic dust, 
gases and smoke exposures of never-smokers (N=2295) stratified into 3 subgroups: without and with chronic airflow 
obstruction (defined by FEV1/FVC<LLN) graded further into mild and moderate-severe disease by FEV1 % predicted 
≥80% or <80% 

 NonCOPD 

(FEV1/FVC≥LLN) 

 COPD 

mild 

COPD 

moderate 
Subjects, No.( %) 2134  91(57%) 70(43%)

ф
 

Age, yr, mean±sd 56.4±11.0  59.6±13.6 60.6±10.8** 
Male gender 836(39.2)  27(29.7) 28(40.0) 
Education, yr, mean±sd 16.1±3.5  15.6±4.0 15.2±3.4 
BMI, kg/m

2
, mean±sd 27.5±5.7  26.9±4.3 27.9±5.7 

Respiratory Symptoms     
         Chronic cough 181(8.5)  10(11.0) 20(28.6)** 
         Chronic phlegm 128(6.0)  11(12.1) 14(20.0)** 

         Wheezing 439(20.6)  30(33.0) 40(57.1)** 
         Dyspnea on exertion 402(18.8)  22(24.2) 34(48.6)** 
         Any of the above symptoms 816(38.2)  50(55.0)* 55(78.6)** 
         Ever had to leave a job due to breathing 
problems 

63(3.0)  0(0) 6(8.6) 

Physician diagnosis, ever     
         Asthma 312(14.6)  25(27.5)* 32(45.7)** 
         COPD 13(0.6)  2(2.2) 7(10.1)** 
         Chronic bronchitis  55(2.6)  1(1.1) 11(15.9)** 
         Emphysema 9(0.4)  1(1.1) 2(2.9) 
         Any of the above diagnosis  347(16.3)  27(29.7)* 38(54.3)** 
         Tuberculosis 27(1.3)  2(2.2) 2(2.9) 
         HD/HT/DM

$ 
673(31.5)  27(29.7) 28(40.0) 

         Stroke 45(2.1)  5(5.5) 0(0) 

Childhood hospitalization for respiratory illness 90(4.2)  7(7.7) 14(20.3)** 

Exposures     
         Passive smoking at home 94(4.4)  8(8.8) 4(5.8) 
         Biomass cooking≥10 yrs

#  
178(11.7)  11(16.9) 6(13.0) 

         Biomass heating≥10 yrs
#
 221(14.6)  13(20.0) 11(23.9) 

         Organic dust 182(8.5)  14(15.4) 6(8.6) 
         Inorganic dust 41(1.9)  5(5.5) 0(0) 
         Gases/Vapours 79(3.7)  4(4.4) 6(8.6) 
         Worked in any dusty job >1 yr 504(23.6)  24(26.4) 19(27.5) 
Data are mean±sd or count(%). 

$
Heart disease, systemic hypertension or diabetes. 

#
Calculated based on 6 sites with 

available biomass data. Significance measured on 5% level after Holm-Bonferroni correction; *COPD mild vs. 
NonCOPD; **COPD moderate-severe vs. NonCOPD. 

ф
 significantly smaller proportion compared with ever smokers in 

Table S2.



Table S3: Characteristics, respiratory symptoms, self-reported physician diagnoses and occupational & domestic dust, 
gases and smoke exposures of ever-smokers (N=2598) stratified into 3 subgroups: without and with chronic airglow 
obstruction (defined by FVE1/FVC<LLN) graded further into mild and moderate-severe disease by FEV1 % predicted 
≥80% or <80% 

 NonCOPD 
(FEV1/FVC≥LLN) 

 COPD 
mild 

COPD 
moderate 

Subjects, No.( %) 2202  151(38%) 245(62%)
ф 

Age, yr, mean±sd 57.4±10.8  60.0±10.8* 64.4±11.3** 
Male gender 1019(46.3)  73(48.3) 113(46.1) 

Education, yr, mean±sd 15.0±3.4  14.7±3.7 13.5±3.5** 
BMI, kg/m

2
, mean±sd 28.3±6.0  27.1±4.9 28.4±6.2 

Respiratory Symptoms     
         Chronic cough 296(13.4)  30(19.8) 88(35.9)** 
         Chronic phlegm 219(10.0)  24(15.9) 79(32.2)** 

         Wheezing 680(30.9)  75(49.7)* 154(62.9)** 
         Dyspnea on exertion 545(24.8)  45(29.8) 122(49.8)** 
         Any of the above symptoms 1113(50.5)  106(70.2)* 203(82.9)** 

         Ever had to leave a job due to breathing 
problems  

79(3.6)  3(2.0) 16(6.5) 

Physician diagnosis, ever     
         Asthma 303(13.8)  39(25.8)* 82(33.5)** 
         COPD 38(1.7)  10(6.6)* 52(21.2)** 

         Chronic bronchitis  114(5.2)  19(12.6)* 50(20.4)** 
         Emphysema 34(1.5)  6(4.0) 40(16.3)** 
         Any of the above diagnosis  394(17.9)  55(36.4)* 134(54.7)** 

         Tuberculosis  27(1.2)  3(2.0) 5(2.0) 
         HD/HT/DM

$ 
815(37.0)  61(40.4) 123(50.2)** 

         Stroke 59(2.7)  2(1.3) 10(4.1) 

Childhood hospitalization for respiratory 
illness 

134(6.1)  15(10.0) 24(9.8) 

Exposures     
         Passive smoking at home  288(13.1)  31(20.5) 42(17.1) 
         Biomass cooking≥10 yrs

#  
181(12.7)  13(12.0) 32(18.4) 

         Biomass heating≥10 yrs
# 256(17.9)  17(15.7) 40(23.0) 

         Organic dust 196(8.9)  13(8.6) 34(13.9) 

         Inorganic dust 91(4.1)  7(4.6) 14(5.7) 
         Gases/Vapours 126(5.7)  10(6.6) 19(7.8) 
         Worked in any dusty job >1 yr 679(30.8)  56(37.1) 105(42.9)** 

Data are mean±sd or count(%). 
$
Heart disease, systemic hypertension or diabetes. 

#
Calculated based on 6 sites with 

available biomass data. Significance measured on 5% level after Holm-Bonferroni correction; *COPD mild vs. 
NonCOPD; **COPD moderate-severe vs. NonCOPD.

ф
significantly greater than that for never-smokers in table 2.  



Table S4 (source for Fig 2,3,4 in manuscript): Comparison of Clinical, physiological and structural phenotypes of 
COPD (defined by LLN) in never-smokers with ever-smokers 

 
Never-smoker  Ever-smoker 

NonCOPD % COPD %  NonCOPD % COPD % 

N=835 308 - 86 -  273 - 168 - 

Men 163 52.9 32 37.2*   152 55.7 77 45.8 

Emphysema 32 10.4 11  12.8  71 26.0 92 54.8**;#  

Emphysema score, 

mean(95% CI) 

0.22 

(0.14,0.30) 

- 0.33 

(0.08,0.57) 

-  0.67 

(0.50,0.83) 

- 2.40**;#  

(1.91,2.89) 

- 

Bronchiolitis  23 7.5 10 11.6  44 16.1 26 15.5 

Bronchiolitis score, 

mean(95%CI) 

0.16 

(0.09,0.22) 

- 0.28 

(0.11,0.45) 

-  0.34 

(0.25,0.44) 

- 0.35 

(0.22,0.47) 

- 

Bronchiectasis 65 21.1 23 26.7  58 21.3 40 23.8 

N=4890 2131 - 161 -  2202 - 396 - 

Dyspnea score, 

mean(95%CI) 

1.28 

(1.25,1.31) 

- 1.57*  

(1.43,1.72) 

-  1.39 

(1.36,1.43) 

- 1.88**;#  

(1.76,2.00) 

- 

Dyspnea on exertion 402 18.9 56 34.8*   545 24.8 167 42.2**  

Wheeze 438 20.6 69 42.9*   680 30.9 229 57.8**;#  

Chronic cough 181 8.5 30 18.6*   296 13.4 118 29.8**;#  

Chronic Phlegm 128 6.0 25 15.5*   219 10.0 103 26.0**;#  

Exacerbation 387 18.2 55 34.2*   450 20.4 112 28.3**  

Asthma 312 14.6 57 35.4*   303 13.8 121 30.6**  

N=977 346 - 110 -  312 - 209 - 

BDRi(%) 

mean(95%CI) 

4.86 

(4.47,5.25) 

 9.43*  

(7.68,11.18) 

  5.14 

(4.46,5.63) 

 9.29**  

(8.09,10.43) 

 

VC(L) 

mean(95%CI) 

3.78 

(3.67,3.89) 

 3.62 

(3.41,3.83) 

  3.64 

(3.53,3.75) 

 3.56 

(3.42,3.70) 

 

TLC(L) 

mean(95%CI) 

5.95 

(5.81,6.10) 

 6.10 

(5.84,6.35) 

  5.95 

(5.81,6.09) 

 6.39**;#  

(6.20,6.57) 

 

RV(L) 

mean(95%CI) 

2.19 

(2.13,2.25) 

 2.47*  

(2.33,2.61) 

  2.30 

(2.24,2.37) 

 2.83**;#  

(2.72,2.94) 

 

FRC(L) 

mean(95%CI) 

3.15 

(3.06,3.23) 

 3.35 

(3.19,3.51) 

  3.17 

(3.09,3.26) 

 3.69**;#  

(3.57,3.82) 

 

ERV(L) 

mean(95%CI) 

0.95 

(0.89,1.01) 

 0.87 

(0.77,0.96) 

  0.87 

(0.81,0.92) 

 0.85 

(0.78,0.91) 

 

IC(L) 

mean(95%CI) 

2.81 

(2.73,2.89) 

 2.73 

(2.56,2.91) 

  2.77 

(2.69,2.86) 

 2.70 

(2.59,2.81) 

 

RAW(cmH2O/L/sec) 

mean(95%CI) 

2.20 

(2.07,2.33) 

 3.28*  

(2.91,3.65) 

  2.41 

(2.24,2.58) 

 3.22**  

(3.01,3.44) 

 

MIP(cmH2O) 

mean(95%CI) 

77.6 

(74.6,80.7) 

 83.0 

(76.1,89.9) 

  76.8 

(73.6,80.0) 

 76.6 

(72.6,80.5) 

 

MEP(cmH2O) 

mean(95%CI) 

110.0 

(105.5,114.5) 

 116.6 

(105.7,127.5) 

  108.9 

(104.1,113.7) 

 110.5 

(105.0,115.9) 

 

DLCO/VA(ml/min/mmHg/L) 

mean(95%CI) 

4.15 

(4.07,4.24) 

 4.12 

(3.97,4.26) 

  3.92 

(3.83,4.00) 

 3.64**;#  

(3.53,3.75) 

 

FRC/TLC(%) 

Mean(95%CI) 

0.53 

(0.52,0.54) 

 0.55*  

(0.54,0.57) 

  0.54 

(0.53,0.54) 

 0.58**;#  

(0.57,0.59) 

 

DLCO(ml/min/mmHg) 

mean(95%CI) 

21.60 

(20.9,22.3) 

- 21.60 

(20.1,23.1) 

-  20.40 

(19.6,21.1) 

- 18.74**;# 

(17.9,19.6) 

- 

RV/TLC(%) 

mean(95%CI) 

0.37 

(0.37,0.38) 

- 0.41*  

(0.39,0.43) 

-  0.39 

(0.38,0.40) 

- 0.45**  

(0.43,0.46) 

- 

Data are mean(95%CI) or count and %. *Significant difference between never-smoker NonCOPD and never-smoker 
COPD

 
. **Significant difference between ever-smoker NonCOPD and ever-smoker COPD. #Significant difference 

between COPD never-smoker and COPD ever-smoker. P values adjusted after Holm-Bonferroni correction. 
Exacerbation= Yes to question “ever had a period when breathing problems got so bad that they interfered with usual 
daily activities or resulted in missing work. 



Table X2 ( detailed version of  Table 2 in manuscript) : aOR for independent predictors associated with risk of different severity of COPD defined by LLN in 

male and female never smokers 

 COPD mild  COPD moderate-severe 

 All  Men  Women  All  Men  Women 

Variables N=2225  N=863  N=1362  N=2204  N=864  N=1340 

Sex 0.64(0.38,1.05)  -  -  1.21(0.70,2.09)  -  - 

Age            

         40-49 Ref  Ref  Ref  Ref  Ref  Ref 

         50-59 0.85(0.48,1.54)  0.87(0.28,2.70)  0.91(0.45,1.82)  2.52(1.17,5.44)*  4.13(1.12,15.2)*  1.78(0.67,4.71) 

         60-69 1.13(0.60,2.12)  0.48(0.11,2.04)  1.52(0.74,3.11)  3.15(1.41,7.02)*  5.38(1.35,21.3)*  2.27(0.82,6.28) 

         70+ 2.19(1.15,4.16)*  2.50(0.77,8.16)  2.28(1.02,5.06)*  4.46(1.84,10.8)**  6.09(1.14,35.4)*  3.54(1.23,10.1)* 

BMI 0.97(0.93,1.02)  0.98(0.89,1.08)  0.98(0.93,1.03)  0.98(0.93,1.03)  1.01(0.92,1.10)  0.97(0.92,1.03) 

Education 0.98(0.92,1.04)  0.88(0.78,0.99)*  1.02(0.95,1.11)  0.95(0.88,1.02)  0.96(0.83,1.10)  0.94(0.86,1.03) 

Exposures            
Organic dust 1.69(0.89,3.20)  2.08(0.81,5.33)  1.27(0.49,3.36)  0.85(0.35,2.09)  0.91(0.23,3.67)  0.92(0.27,3.16) 

Inorganic dust 2.94(0.99,8.71)  3.24(0.99,10.57)  NC  NC  NC  NC 

Gases/Vapours 0.92(0.30,2.83)  1.14(0.32,3.99)  NC  2.25(0.83,6.08)  2.40(0.69,8.41)  1.72(0.20,14.9) 

Biomass fuel            

 ≥10 yrs cooking
#  1.06(0.46,2.46)  0.70(0.16,2.98)  1.13(0.39,3.29)  0.67(0.23,1.94)  1.74(0.32,9.34)  0.55(0.18,1.65) 

 ≥10 yrs heating
#  0.88(0.39,1.96)  2.09(0.59,7.44)  0.62(0.21,1.82)  2.26(0.93,5.52)  0.44(0.08,2.42)  3.58(1.42,9.01)** 

Passive smoking 2.18(0.99,4.75)  1.33(0.26,6.72)  2.60(1.05,6.43)*  1.25(0.42,3.73)  0.69(0.08,6.21)  1.65(0.46,5.88) 

Childhood 
Hospitalization for 
respiratory illness 

1.57(0.68,3.62)  2.95(0.84,10.4)  1.18(0.35,4.00)  4.80(2.43,9.46)****  10.1(3.71,27.5)****  2.24(0.73,6.84) 

Co-morbidities, ever            

          HD/HT/DM
$ 

0.72(0.43,1.21)  1.55(0.61,3.95)  0.51(0.26,0.98)*  1.11(0.63,1.94)  1.48(0.57,3.90)  1.07(0.53,2.16) 

          Asthma 2.23(1.36,3.66)**  3.39(1.25,9.21)*  2.14(1.20,3.82)*  4.94(2.94,8.30)****  7.34(3.01,17.9)****  3.89(2.02,7.50)**** 

          Tuberculosis 1.20(0.27,5.36)  NC  1.67(0.37,7.63)  1.64(0.35,7.69)  NC  2.02(0.41,9.79) 

Data are adjusted odds ratios and 95% CI. Adjustment made for all other covariates in the model. 
#
Calculated based on 6 sites with available biomass data. 

$
Heart 

disease, hypertension or diabetes. Significant on different levels: *0.05; **0.01; ***0.001; ****≤0.0001. NC=counts too small for accurate estimate. 

 

 

 

 

 



Table X3 (detailed version of Table 3 in manuscript): aOR for independent predictors associated with risk of different severity of COPD defined by LLN in 
male and female ever-smokers 

 COPD mild  COPD moderate-severe 

 All Men Women  All Men Women 

Variables N=2353 N=1092
 

N=1261  N=2447 N=1132 N=1315 

Sex 1.17(0.84,1.67) - -  1.03(0.76,1.42) - - 

Age        
40-49 Ref Ref Ref  Ref Ref Ref 

50-59 1.40(0.84,2.31) 1.05(0.48,2.30) 1.65(0.85,3.21)  2.35(1.39,3.99)** 1.59(0.76,3.33) 3.42(1.57,7.43)** 

60-69 2.21(1.31,3.75)* 3.02(1.40,6.52)** 1.66(0.80,3.45)  4.16(2.44,7.11)**** 2.68(1.23,6.38)** 6.41(2.93,14.0)**** 

70+ 3.01(1.66,5.46)**** 4.19(1.75,10.0)*** 2.23(0.96,5.21)  11.58(6.58,20.4)**** 11.27(5.01,25.4)**** 12.64(5.48,29.2)**** 

BMI 0.95(0.92,0.98)** 0.94(0.89,0.99) 0.95(0.91,0.99)*  0.99(0.96,1.01) 0.97(0.93,1.02) 0.99(0.96,1.02) 

Current smoking  (vs. 
former) 

1.73(1.15,2.62)* 2.52(1.34,4.71)** 1.33(0.76,2.32)  2.89(2.04,4.10)**** 3.61(2.04,6.38)**** 2.53(1.61,3.98)**** 

Pack years        
0-10 Ref Ref Ref  Ref Ref Ref 

10-20 2.03(1.18,3.49)* 2.07(0.86,4.96) 2.12(1.06,4.23)*  1.32(0.75,2.32) 0.86(0.34,2.14) 1.69(0.81,3.52) 

20+ 2.52(1.53,4.14)* 2.58(1.18,5.61)* 2.52(1.31,4.83)*  3.57(2.26,5.62)**** 2.82(1.43,5.58)**** 4.16(2.24,7.73)**** 

Education 1.00(0.96,1.05) 1.02(0.95,1.10) 0.98(0.91,1.05)  0.94(0.90,0.98)** 0.94(0.86,0.99)* 0.93(0.88,0.99)* 

Exposures        
      Organic dust 0.84(0.45,1.57) 0.90(0.43,1.89) 0.60(0.18,2.04)  1.36(0.86,2.13) 1.16(0.64,2.10) 1.73(0.83,3.60) 

      Inorganic dust 0.80(0.33,1.93) 0.75(0.28,2.01) 1.22(0.11,13.2)  0.65(0.32,1.29) 0.55(0.25,1.21) 1.45(0.23,9.12) 

Gases/Vapours 0.98(0.47,2.05) 0.81(0.33,2.03) 1.29(0.34,4.88)  1.07(0.59,1.95) 1.34(0.67,2.67) 0.53(0.13,2.08) 

Biomass fuel        
≥10 yrs cooking

#  0.99(0.46,2.15) 0.42(0.13,1.35) 2.02(0.72,5.63)  0.81(0.44,1.48) 0.74(0.31,1.81) 0.83(0.35,1.96) 

≥10 yrs heating
#  0.65(0.33,1.28) 1.02(0.41,2.55) 0.44(0.16,1.17)  0.81(0.47,1.38) 0.72(0.32,1.63) 0.91(0.44,1.86) 

Passive smoking at 
home  

1.36(0.86,2.78) 1.50(0.77,2.93) 1.25(0.66,2.38)  1.12(0.59,1.34) 0.80(0.42,1.52) 0.95(0.55,1.36) 

Childhood 
Hospitalization for 
respiratory illness 

1.54(0.86,2.78) 1.34(0.52,3.44) 1.90(0.88,4.10)  1.65(0.98,2.77) 1.70(0.78,3.69) 1.51(0.73,3.12) 

Co-morbidities, ever        
          HD/HT/DM

$ 
0.97(0.66,1.42) 0.85(0.49,1.48) 1.10(0.64,1.88)  0.98(0.71,1.34) 1.11(0.69,1.80) 0.87(0.57,1.35) 

          Asthma 2.51(1.67,3.76)**** 2.74(1.41,5.33)** 2.25(1.33,3.82)**  3.82(2.72,5.35)**** 4.58(2.64,7.95)**** 3.22(2.08,4.96)**** 

          Tuberculosis 1.70(0.50,5.85) 3.36(0.89,12.7) NC  1.84(0.66,5.16) 1.54(0.39,6.09) 2.57(0.49,13.3) 

          Lung cancer 1.45(0.33,6.62) 0.94(0.11,8.12) 2.43(0.28,21.22)  2.85(1.06,7.66) 2.20(0.57,8.48) 3.79(0.90,16.00) 

Data are adjusted odds ratios and 95% CI. Adjustment made for all other covariates in the model. 
#
Calculated based on 6 sites with available biomass data. 

$
Heart 

disease, hypertension or diabetes. Significant on different levels: *0.05; **0.01; ***0.001; ****≤0.0001.*HD/HT/DM is heart disease, systemic hypertension, or 
diabetes. NC=counts too small for accurate estimate.



Table S3.1: Comparison of sex, age and respiratory medication use of COPD (define by LLN) in never-smokers with 
ever-smokers 

 
Never-smoker  Ever-smoker 

NonCOPD % COPD %  NonCOPD % COPD % 

N=4890 2131 - 161 -  2202 - 396 - 

Men 836 39.2 55 34.2  1019 46.3 186 47.0#  

Age 

(95%CI) 

56.4 

(56.0,56.9) 
- 

60.0*  

(58.1,61.9) 
-  

57.4 

(56.9,57.8) 
- 

62.7*#  

(61.6,63.8) 
- 

Use of respiratory 

medications 
670 31.4 76 47.5*   665 32.0 190 48.0*  

    Prescribed medication 353 16.5 63 39.1*   378 17.2 156 39.4*  

    Bronchodilator 219 10.3 53 32.9*   235 10.7 138 34.9*  

    Inhaled steroid 279 13.1 53 32.9*   305 13.9 123 31.1*  

    Oral steroid  4 0.2 6 3.7*  9 0.4 1 0.3# 

    Anti-inflammatory (other) 10 0.5 6 3.7*  17 0.8 4 1.0 

    OTC
§
 medicat ion 294 13.8 12 7.5*  259 11.8 31 7.8* 

Data are count and % or mean(95%CI). *Significant difference between never-smoker NonCOPD and never-smoker 
COPD

 
. **Significant difference between ever-smoker NonCOPD and ever-smoker COPD. #Significant difference 

between COPD never-smoker and COPD ever-smoker. P values adjusted after Holm-Bonferroni correction. 
 
 
Comments: Respiratory Medication use was more frequent in COPD than in non-COPD individuals in both never-
smokers and ever-smokers. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1: Weighted prevalence of COPD by sex and by severity of COPD and by two definitions [ by 
FR(GOLD definition: FEV1/FVC<0.7)  and by LLN ( FEV1/FVC<5th percentile).] Key:  M= men; F=women.  

Pale grey section = mild COPD( FEV1%pred ≥80%) ; Dark grey Column=moderate-severe( 
FEV1%pred<80%).  

 

 

 
 
 

Comments: The prevalence defined by Fixed Ratio ( FEV1/FVC<0.7) is higher  than COPD defined by LLN ( 

FEV1/FVC<LLN). This is as expected and has been shown in many published studies. It is interesting that there 
is a female bias for COPD in never-smoker and no sex bias for COPD in ever-smokers when LLN criteria  
COPD is used.  The reverse is true when the fixed ratio criteria for COPD is used:  there is a male bias for 

COPD in ever-smokers and no sex bias for COPD in never smokers. It is unclear from these results which 
definition is superior.  
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 



 
 

 
Figure S2: Comparison of  proportions of subjects with respiratory symptoms &outcomes in never-smoker with 

moderate-severe COPD ( grey column) and ever-smokers with moderate - severe COPD( black column) using  
GOLD (FR) criteria ( top section) and LLN criteria ( bottom section). No significance difference between 
never-smoking COPD and ever-smoking COPD when the condition is moderate-severe. 
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