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ABSTRACT

Objectives: To estimate the effects of smoking,
gender and occupational exposure on the risk of
developing severe pulmonary fibrosis (PF), including
dose-response and interaction effects.

Methods: National case—control study of 171 patients
(cases) who had started a long-term oxygen therapy
for PF in Sweden between February 1997 and April
2000, and 719 random control participants from the
general population. Of these cases, 137 had probable
idiopathic PF (IPF). The ORs for smoking, gender and
occupational exposure were estimated using Mantel-
Haenszel analysis and conditional logistic regression,
controlling for age and year of diagnosis.

Results: The adverse effect of smoking was amplified
by male gender and occupational exposure, OR 4.6
(95% Cl 2.1 t0 10.3) for PF, and OR 3.0 (1.3 to 6.5)
for IPF, compared with in non-exposed women. Higher
cumulative smoking exposure was linearly associated
with increased risks. Compared with smoking less than
10 pack-years, smoking >20 pack-years was
associated with increased risk of PF and IPF, OR 2.6
(1.4 t0 4.9) and OR 2.5 (1.3 t0 5.0), respectively.
Conclusions: Smoking has a dose-related association
with increased risk of severe PF. Men with a history of
smoking and occupational exposure is a particular risk
group for developing severe PF.

BACKGROUND

Pulmonary fibrosis (PF) constitutes a range
of conditions that are either secondary to dis-
eases or factors, such as systemic inflamma-
tory disease and drug therapies, or primary,
of which the most common is idiopathic PF
(IPF).!

IPF is a chronic, progressive, fibrosing
interstitial lung disease with a high risk of
rapid progression and mortality.* Median sur-
vival after diagnosis is approximately 2 years.?
The incidence of IPF has increased over
time, with marked regional differences sug-
gesting the pathogenic role of various envir-
onmental and occupational exposures.”

Strengths and limitations of this study

= Population-based case—control study of partici-
pants developing oxygen-dependent pulmonary
fibrosis in Sweden with randomly selected con-
trols from the general population.

= Analysis of detailed exposure data, accounting
for confounders and lag time between exposure
and disease.

= As the underlying aetiology may be difficult to
ascertain in patients with oxygen-dependent pul-
monary fibrosis, idiopathic pulmonary fibrosis
was defined through review of national adminis-
trative register data and individual medical
records.

The aetiology of IPF remains unknown.”
The majority of patients with IPF are men
with a history of current or past smoking.”
Most case—control studies have suggested an
association between smoking and an
increased risk of IPE*” although one study
reported no such association.® This inconsist-
ency is most likely due to differences in study
settings, the included covariates and, in some
studies, the use of hospital patients as control
participants, which might have biased the
smoking estimates. 7 “~'! Occupational expo-
sures, including metal, stone and wood dust,
have been linked to higher risks of develop-
ing IPE.'?

It is unknown whether there are interac-
tions between smoking, gender, and occupa-
tional exposure and the risk of developing
IPFE. The only two studies which analysed
interactions reported a tendency towards an
amplified IPF risk in patients with a history
of smoking and occupational exposure, but
the studies failed to establish statistically sig-
nificant interactions.® 3 Moreover, it is
unclear whether smoking really is an aetio-
logical factor for IPF, as studies included low
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numbers of patients, and data on whether there is a
dose-dependent relation between smoking and the risk
of IPF are limited.

The aim of the present nationwide case—control study
was, therefore, to estimate the associations between
smoking, gender, occupational exposure and the risk of
developing severe PF.

METHODS

This was a national, register-based case—control study.
The patients who had started a long-term oxygen
therapy (LTOT) for PF between 1 February 1997 and 4
April 2000 in the national Swedevox register were eli-
gible for inclusion as cases. The Swedevox register
covers 85% of all patients starting LTOT in Sweden."
Details of the study design and a previous analysis using
the same dataset have been published.'* Data were col-
lected through an extensive postal questionnaire on
smoking, occupational exposure (including fibres,
fumes, gas, mineral dust, organic dust and vapours) and
diagnosis of PF. The questionnaire has been described
in detail elsewhere.'” Smoking data included the year of
starting smoking, date of stopping smoking and the
mean number of smoked cigarettes per day during each
10-year period between ages 15 and 65 years, and the
mean exposure after age 65."> Occupational data
included the presence, start year, stop year and intensity
(h/week) for any occupational exposure and exposure
to birds (at work and at home), metal dust and wood
dust. Occupational exposure was defined as any expos-
ure 10 or more years before the date of the PF diagnosis,
allowing for a 10-year time lag between exposures and
developing the disease.

After exclusion of patients who were incorrectly regis-
tered (n=12; 5%) or did not respond to the question-
naire (n=b58; 24%), 171 PF cases were included in the
analysis.

Patients with probable IPF (IPF cases, n=137) were iden-
tified through a review of each patient’s medical record
performed independently by specialists in respiratory
medicine (KN, TG)."* High-resolution CT was performed
in 41% of patients with PE, CT in an additional 10% and
transbronchial and open lung biopsy was performed in
6% of the patients. The IPF cohort excluded patients with
an identifiable or probable cause of PF: rheumatic or sys-
temic inflammatory diseases (20% of PF cases), pneumo-
coniosis (6%), and medications or irradiation (2%).'*

Control participants were selected as a random sample
(n=1000) from the general population of the same age
range as the patients with PE Of the control partici-
pants, 719 (72%) returned complete exposure data and
were included in the analysis. All participants gave their
informed consent to participate.

Statistical analysis
Cases and control participants were categorised accord-
ing to year of birth (1906-1923, 1924-1936 or 1937-

1969) and cases according to the year they received
their PF diagnosis (1968-1986, 1987-1993 or 1994-
1999). Control participants were assigned a time point
corresponding to the year the patients received their PF
diagnosis, using a method described previously.'*
First, control participants within each birth year group
were assigned a random diagnosis year group, weighted
by the number of cases in each diagnosis year group.
Then, the year of PF diagnosis of each control partici-
pant was set to the mid-year of the corresponding year
of the patient group. Characteristics at baseline (the
date the questionnaire was filled in) were presented
using frequencies and percentages for categorical vari-
ables. Continuous data were presented using mean with
SD and median with range or IQR for variables with
normal and skewed distribution, respectively.

Smoking status and cumulative smoking exposure, cal-
culated as pack-years ((mean number of cigarettes per
day)/20x(years of exposure)), were recorded up to
10 years prior to the date of the PF diagnosis (a 10-year
time lag), allowing for time between smoke exposure
and the development of oxygen-dependent PF.

Associations between smoking and the risk of develop-
ing oxygen-dependent PF and IPE and the interactions
between smoking, occupational exposure and gender,
were estimated and reported using Mantel-Haenszel ana-
lysis, controlling for year of birth, year of diagnosis and
gender, as applicable. Interactions were also analysed
using conditional logistic regression, stratified for year of
birth, year of diagnosis, gender, with adjustment for age
and pack-years of smoking. All estimates were consistent
between Mantel-Haenszel analysis and the conditional
logistic models.

Associations were expressed as ORs with 95% Cls.
Statistical significance was defined as a double-sided
p<0.05. Statistical analyses were performed using Stata
V.11.1 (StataCorp LP; College Station, Texas, USA) and
SAS V.9.2 (SAS Institute, Inc, Cary, North Carolina,
USA).

RESULTS

We included 171 patients with PE of whom 137 were
classified as having IPE and 719 control participants.
Baseline characteristics are shown in table 1. Among PF
cases, the rate of any occupational exposure was higher
in men than in women (80% vs 52%; p<0.001). Men
also had higher smoking exposure. Ten years before the
PF diagnosis, 90 (84%) men were ever-smokers with a
median of 10 (IQR, 3-23) pack-years, compared with 29
(45%) women with a median of 8 (IQR, 3-15) pack-
years. A similar difference was seen in IPF cases.

Interactions

There was a significant interaction between smoking,
occupational exposure and gender and the risk of devel-
oping oxygen-dependent PF (test of homogeneity,
p=0.028). The interaction was similar in the IPF cohort
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IPF cases (n=137) Controls (n=719)

Table 1 Patient characteristics

Characteristics PF cases (n=171)
Age 73.7+9.5
Males, n (%) 107 (63)
Never-smokers, n (%) 52 (30)
Ex-smokers, n (%) 114 (67)
Current smokers, n (%) 5 (3)
Smoking exposure, n (%)* 119 (70)
1-9 pack-years 29 (17)
10-19 pack-years 34 (20)
>20 pack-years 36 (21)
Occupational exposure, n (%)* 119 (70)
Birds 16 (9)
Inorganic dust 55 (32)
Metal dust 35 (20)
Organic dust 67 (39)
Wood dust 32 (18)

74.2:9.8 64.3+13.7
86 (63) 337 (47)
44 (32) 344 (48)
89 (65) 251 (35)
4 (3) 124 (17)
93 (68) 375 (52)
22 (16) 176 (24)
27 (20) 91 (13)
27 (20) 62 (9)
93 (68) 397 (55)
11 (8) 33 (5)
40 (29) 164 (23)
27 (19) 119 (17)
52 (38) 182 (25)
25 (18) 57 (8)

Data presented as mean+SD unless otherwise specified.

*Exposure earlier than 10 years before PF diagnosis (10-year time lag).

IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis.

(table 2). Men with current or past smoking and occupa-
tional exposure had markedly increased risk of PE, OR
4.6 (2.1 to 10.3), and IPF, OR 3.0 (1.3 to 6.5), compared
with non-exposed women (table 2). Adjustment for dif-
ferences in pack-years between men and women, in add-
ition to the other covariates, did not affect the estimates.

Dose-response effect

There was a linear association between higher cumula-
tive smoking exposure (up to 10 years before diagnosis)
and increased risk of PF and IPF, OR 1.03 (95% CI 1.01
to 1.04) per packyear and OR 1.02 (95% CI 1.01 to
1.04) per pack-year, respectively. Compared with lower
levels of smoking (1-9 pack-years), heavy smoking (>20
pack-years) was associated with an increased risk of PE
OR 2.6 (95% CI 1.4 to 4.9) and IPE, OR 2.5 (95% CI 1.3
to 5.0), as shown in table 3. Using a 5-year time lag for
smoking exposure instead of 10 years resulted in similar
estimates.

Subtypes of occupational exposure
The effect of occupational exposure seemed to be
mediated partly through exposure to birds and wood

dust. The risk of PF was increased by exposure to birds
(OR 1.9; 95% CI 1.0 to 3.7) and wood dust (OR 1.7;

95% CI 1.0 to 3.0), controlling for age, gender, year of
diagnosis and smoking. There were no evidence of
effects of inorganic dust (OR 1.3; 95% CI 0.8 to 2.0) or
metal dust (OR 1.1; 95% CI 0.6 to 1.8). There were
signs of interactions with smoking and gender for expos-
ure to birds (p=0.021) and wood dust (p=0.023),
respectively. Estimates were similar for the IPF cohort,
except for a lower effect of bird exposure (OR 1.3; 95%
CI 0.6 to 2.8).

DISCUSSION

The main findings are that (1) smoking was a risk deter-
minant in the development of oxygen-dependent PF
and that this risk was amplified by male gender and
occupational exposure; (2) the association with smoking
was dose-dependent, which may support the theory of
the causative role of smoking in the pathogenesis of
severe PE.

Our findings are consistent with reports of increased
risk of IPF associated with smoking®*® '* '# ' and occu-
pational exposures.*™” ¢ 12 1* 16 A previous analysis using
the present dataset showed that specific occupational
factors associated with an increased risk of PF included
exposure to birds and wood dust.'* Studies of a possible

Table 2 Effect of smoking on the adjusted risk of pulmonary fibrosis, according to gender and occupational exposure

PF OR (95% Cl)

IPF OR (95% Cl)

Women Men

Women Men

No occupational exposure
Occupational exposure

1.10 (0.50 to 2.42)
1.10 (0.52 to 2.34)

1.97 (0.64 to 6.13)
4.63 (2.08 to 10.33)

1.12 (0. 49 to 2.59)
1.32 (0.58 to 3.03)

1.44 (0.43 to 4.83)
2.96 (1.34 to 6.52)

OR (95% Cl) for the effect of smoking versus no smoking on the risk of developing PF and IPF, estimated using Mantel-Haenszel analysis
controlled for year of birth and year of diagnosis. Smoking was defined as the presence of ever-smoking earlier than 10 years before the

diagnosis.
IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis.

Ekstrom M, Gustafson T, Boman K, et al. BMJ Open 2014;4:6004018. doi:10.1136/bmjopen-2013-004018 3



I

Open Access

Table 3 Dose-response effect of smoking on the risk of severe pulmonary fibrosis

Smoking, pack-years* PF OR (95% CI) IPF OR (95% ClI)
0 1 1

1-9 1.03 (0.62 to 1.70) 0.90 (0.52 to 1.57)
10-19 2.26 (1.35 to 3.80) 2.10 (1.20 to 3.68)
>20 2.66 (1.56 to 4.55) 2.25 (1.26 to 4.02)

ORs for levels of smoking estimated using conditional logistic regression adjusted for age and stratified for year of birth, year of diagnosis,

gender and occupational exposure.

*Pack-years of smoking up to 10 years before the year of PF diagnosis.

IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis.

dose-response correlation between smoking and IPF
have shown conflicting results, with two studies indicat-
ing a dose-dependent effect’” ® and one study showing
no dose correlation.'” The latter study, however, analysed
only smoking status and the current smoking dose
(cigarettes per day) and not cumulative smoking expos-
ure such as pack-years.'” The present study extends the
previous observations by demonstrating that the associ-
ation between smoking and severe PF is dose-dependent
and is modified by gender and occupational exposure.

The strength of the present study is that it included
cases from a population-based prospective register of
patients starting LTOT in Sweden. Control participants
were randomly selected from the general population.
Previous studies using control participants in hospitals
may have yielded biased estimates, as the risk of hospital-
isation is likely to be related to occupational factors and
smoking.4 79711 We had detailed data on the temporal-
ity, dose and duration of smoking. In contrast with previ-
ous studies, only exposure data up to 10 years before the
year of the PF diagnosis was included in the analysis to
avoid reverse causation and to allow for the time lag
between exposure to risk factors and the manifestation
of clinical disease.

A possible limitation is that the self-reported exposure
data could be influenced by recall bias. The validity of
the exposure classification was, however, supported by a
high degree of consistency between reported employ-
ment histories and occupational exposure to specific
agents.14 Second, the association between smoking and
starting LTOT could be affected by survivor bias, as
smokers are likely to be at high risk of dying of other
smoke-related disease, such as cancer and cardiovascular
disease, before they can develop severe IPE. Also, stop-
ping smoking is a mandatory criterion for starting LTOT.
Both these potential biases would tend to lower the
number of smokers starting I'TOT and to underestimate
the association between smoking and oxygen-dependent
PE. Third, the IPF diagnosis could be misclassified in
some patients, especially as the cohort was collected
prior to the publication of main consensus definition of
IPE' The validity of the PF and IPF diagnoses was
checked by respiratory physicians using medical records,
including available radiographic and histological data.'*
Among idiopathic interstitial pneumonias, IPF is the

most common condition and it is associated with a high
risk of progression to hypoxemic respiratory failure and
death.! '8 Thus, the prevalence of IPF is most likely to
be high in oxygen-dependent PE It is possible that we
included patients with combined PF and emphysema,
which may be present in up to one-third of patients with
IPE'  Concurrent emphysema may constitute a
smoking-related comorbidity or a distinct IPF pheno-
type,19 and could explain, at least partly, the association
between smoking, male gender and the development of
severe IPF in the present study. We included the PF
cohort in the analysis, as it may be difficult to obtain a
specific diagnosis in patients with advanced PF in the
clinic. Findings were similar in the PF and IPF cohorts,
which supports the validity of the analysis. Using
national population-based cases and controls, the
present findings most likely have high applicability to
severe PF in Swedish clinical practice. The validity to
other settings may be lower owing to differences in
sociodemographic factors, healthcare organisation and
pattern of exposure.

Mechanisms governing the relationship between
smoking, gender, occupational exposure and the devel-
opment of severe PF are unknown but likely involve
complex interactions between different environmental
factors in genetically predisposed individuals.”’ The
adverse effect of smoking could in part be attributable
to the development of concurrent emphysema, which
has been associated with hypoxaemia and earlier death
in IPE*!

For the clinicians, this study identifies a group of
male, heavy smokers with occupational exposure to
harmful substances, who have a greatly increased risk of
developing severe PE In this group, interventions to
help people reduce or stop smoking are a top priority.

In conclusion, smoking is associated with a dose-
dependent increase in oxygen-dependent PE The
adverse effects of smoking are stronger in men and in
people with occupational exposure.
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