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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) starting long-term oxygen 

therapy (LTOT) for PF in Sweden between February 1997 and April 2000, and 719 random 

control subjects from the general population. Of cases, 137 had probable idiopathic 

pulmonary fibrosis (IPF). The odds ratios (ORs) for smoking, gender, and occupational 

exposure were estimated using Mantel-Haenzel 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% confidence interval] 2.1 – 10.3) for PF, and OR 3.0 (1.3 – 6.5) for 

IPF, compared to in non-exposed women. Higher cumulative smoking exposure was linearly 

associated with increased risks. Compared to smoking less than ten pack-years, smoking ≥ 20 

pack-years was associated with increased risk of PF and IPF, OR 2.6 (1.4 – 4.9) and OR 2.5 

(1.3 – 5.0), respectively. 

Conclusion: 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 pulmonary fibrosis. 
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ARTICLE SUMMARY 

Article focus 

• Smoking, male gender and occupational exposures are proposed risk factors for 

developing severe idiopathic pulmonary disease (IPF), but data on the interplay 

between these factors are limited. 

• This study aims to estimate the effects of smoking, gender and occupational exposure 

on the risk of developing severe IPF, including interactions and dose-response effects. 

Key messages 

• Smoking has a dose-response association with increased risk of severe IPF. 

• The adverse effect of smoking is strongly amplified by male gender and occupational 

exposure. This study identifies men with a history of smoking and occupational 

exposures as a particular risk group for developing severe IPF. 

Strengths and limitations 

� Population-based case-control study of subjects developing oxygen-dependent 

pulmonary in Sweden with randomly selected controls from the general population. 

� Analysis of detailed exposure data, accounting for confounders and lag time between 

exposure and disease. 

� As the underlying etiology may be difficult to ascertain in patients with oxygen-

dependent pulmonary fibrosis, IPF was defined through review of national 

administrative register data and individual medical records.  
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BACKGROUND 

Pulmonary fibrosis (PF) constitutes a range of conditions that are either secondary to diseases 

or factors, such as systemic inflammatory disease and drug therapies, or primary, of which the 

most common is idiopathic pulmonary fibrosis (IPF).1  

IPF is a chronic, progressive, fibrosing interstitial lung disease with a high risk of rapid 

progression and mortality.2 Median survival after diagnosis is approximately two years.2 The 

incidence of IPF has increased over time, with marked regional differences suggesting the  

pathogenic role of various environmental and occupational exposures.3 

The etiology of IPF remains unknown.2 The majority of IPF patients are men with a history of 

current or past smoking.2 Most case-control studies have suggested an association between 

smoking and an increased risk of IPF,4-7 although  one study reported no such association.8 

This inconsistency is most likely due to differences in study settings, the included covariates 

and, in some studies, the use of hospital patients as control subjects, which might have biased 

the smoking estimates.4 7 9-11 Occupational exposures, including metal, stone and wood dust, 

have been linked to higher risks of developing IPF.12  

It is unknown if there are interactions between smoking, gender and occupational exposure, 

and the risk of developing IPF. The only two studies which analyzed 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 significant interactions.6,13 Moreover, 

it is unclear if smoking really is an etiologic factor for IPF, as studies included low numbers 

of patients, and data on whether there is a dose-dependent relation between smoking and the 

risk of IPF are limited. 
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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 pulmonary fibrosis. 

 

 

METHODS 

This was a national, register-based case-control study. Patients starting long-term oxygen 

therapy (LTOT) for PF between 1 February 1997 and 4 April 2000 in the national Swedevox 

register were eligible for inclusion as cases. The Swedevox register covers some 85% of all 

patients starting LTOT in Sweden.13 Details of the study design and a previous analysis using 

the same data set have been published.14 Data was collected through an extensive postal 

questionnaire on smoking, occupational exposure (including fibers, fumes, gas, mineral dust, 

organic dust, and vapours) and diagnosis of PF. The questionnaire has been described in detail 

elsewhere.15 Smoking data included the year of starting smoking, date of stopping smoking, 

and the mean number of smoked cigarettes per day during each ten year period between ages 

15 – 65 years, and the mean exposure after 65.15 After the exclusion of patients who were 

incorrectly registered (n = 12; 5%) or did not respond to the questionnaire (n=58; 24%), 171 

PF cases were included in the analysis. 

Patients with probable idiopathic pulmonary fibrosis (IPF cases, n = 137) were identified 

through a review of each patient’s medical record done independently by specialists in 

respiratory medicine (KN, TG).14 IPF cases in the study included only patients without any 

identifiable or probable cause of PF (infection, pneumoconiosis, medications, irradiation, 

rheumatic or systemic inflammatory diseases etc.)14 
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Control subjects were selected as a random sample (n = 1000) from the general population of 

the same age range as the PF patients. Of the control subjects, 719 (72%) returned complete 

exposure data and were included in the analysis. 

 

Ethics Statement 

All participants gave their informed consent to participate. The study was approved by all the 

relevant ethics committees in Sweden, the Swedish National Board of Health and Welfare, 

and the Data Inspection Board. 

 

Statistical Analysis 

Cases and control subjects were categorized according to year of birth (1906 – 1923, 1924 – 

1936 or 1937 – 1969) and cases according to year they received their PF diagnosis (1968–

1986, 1987–1993 or 1994–1999). Control subjects were assigned a time point corresponding 

to the year patients received their PF diagnosis, using a method described previously.14 15 

First, control subjects 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 subject 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 variables. Continuous data were 

presented using mean with standard deviation (SD) and median with range or interquartile 

range (IQR) for variables with normal and skewed distribution, respectively. 

Smoking status and cumulative smoking exposure, calculated as pack years ([mean number of 

cigarettes per day] / 20 x [years of exposure]), were recorded up to 10 years prior to the date 
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of the PF diagnosis (a 10-year time lag), allowing time between smoke exposure and the 

development of oxygen-dependent PF. 

Associations between smoking and the risk of developing oxygen-dependent PF and IPF, and 

the interactions between smoking, occupational exposure and gender were estimated and 

reported using Mantel-Haenzel analysis, controlling for year of birth, year of diagnosis and 

gender, as applicable. Interactions were also analyzed 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-Haenzel analysis and the 

conditional logistic models. 

Associations were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). 

Statistical significance was defined as a double-sided p < 0.05. Statistical analyses were 

performed using Stata version 11.1 (StataCorp LP; College Station, TX) and SAS version 9.2 

(SAS Institute, Inc., Cary, NC). 

 

 

RESULTS 

We included 171 patients with PF, of whom 137 were classified as having IPF, and 719 

control subjects. Baseline characteristics are shown in Table 1. Among PF cases, the rate of 

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 10 (IQR, 3 – 23) pack years, compared to 29 (45%) women with 

a median 8 (IQR, 3 – 15) pack years. A similar difference was seen for IPF cases. 
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There was a significant interaction between smoking, occupational exposure and gender, and 

the risk of oxygen-dependent PF (test of homogeneity, p = 0.028). The differences in effects 

were similar for IPF (Table 2). Men with current or past smoking and occupational exposure 

had markedly increased risk of PF, OR 4.6 (2.1 – 10.3), and IPF, OR 3.0 (1.3 – 6.5), 

compared to non-exposed women (Table 2). Adjustment for differences in pack years 

between men and women, in addition to the other covariates, did not affect the estimates. 

There was a linear association between higher cumulative smoking exposure (up to ten years 

before diagnosis) and increased risk of PF and IPF, OR 1.03 (95% CI, 1.01 – 1.04) per pack 

year and OR 1.02 (95% CI, 1.01 – 1.04) per pack year, respectively. Compared to lower 

levels of smoking (1 – 9 pack years), heavy smoking (≥ 20 pack years) was associated with an 

increased risk of PF, OR 2.6 (95% CI, 1.4 – 4.9), and IPF, OR 2.5 (95% CI, 1.3 – 5.0), as 

shown in Table 3. Using a 5-year time lag for smoking exposure instead of 10 years resulted 

in similar estimates. 

 

 

DISCUSSION 

The main findings are that 1) smoking was a risk determinant in the development of oxygen-

dependent pulmonary fibrosis 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 pulmonary 

fibrosis. 

Our findings are consistent with reports of increased risk of IPF associated with smoking 4-6 10 

12 16 and occupational exposures.4-7 9 12 14 16 A previous analysis using the present data set 
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showed that specific occupational factors associated with an increased risk of PF included 

exposure to birds and wood dust.14 Studies of a possible dose-response correlation between 

smoking and IPF have shown conflicting results, with two studies indicating a dose-dependent 

effect5 6 and one study showing no dose correlation .17 The latter study, however, analyzed 

only smoking status and the current smoking dose (cigarettes per day) and not cumulative 

smoking exposure such as pack years.17 The present study extends the previous observations 

by demonstrating that the association between smoking and severe pulmonary fibrosis is 

dose-dependent and is modified by gender and occupational exposure. 

A strength of the present study is that it included cases from a population-based prospective 

register of patients starting LTOT in Sweden. Control subjects were randomly selected from 

the general population. Previous studies using control subjects in hospitals may have yielded 

biased estimates, as the risk of hospitalization is likely to be related to occupational factors 

and smoking.4 7 9-11 We had detailed data on the temporality, dose and duration of smoking. In 

contrast with previous studies, only exposure data up to ten 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 is, however, supported by a high degree of 

consistency between  reported employment histories and occupational exposure to specific 

agents.14 Secondly, 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 diseases, such as 

cancer and cardiovascular disease, before they can develop severe IPF. Also, stopping 

smoking is a mandatory criterion for starting LTOT. Both these potential biases would tend to 

lower the number of smokers starting LTOT and our findings might thus underestimate the 

association between smoking and oxygen-dependent PF. Thirdly, the IPF diagnosis could be 
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misclassified in some patients. The validity of the PF and IPF diagnoses was checked by a 

respiratory physician using medical records, including available radiographic and histologic 

data.14 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.1 18 Thus, 

the prevalence of IPF is likely high in oxygen-dependent pulmonary fibrosis. We included the 

PF cohort in the analysis, as it may be difficult to obtain a specific diagnosis in patients with 

advanced pulmonary fibrosis at the clinic. Our results were consistent in both the PF and IPF 

groups, which supports the validity of the present findings. 

Mechanisms governing  the relationship between smoking, gender, occupational exposure, 

and the development of severe pulmonary fibrosis are unknown but likely involve complex 

interactions between different environmental factors in genetically predisposed individuals.19 

The adverse effect of smoking could in part be attributable to the development of concurrent 

emphysema, which has been shown to predict hypoxemia and a poor prognosis in IPF.20  

For the clinician, this study identifies a group of male, heavy smokers with occupational 

exposure to harmful substances, who have a greatly increased risk of developing severe 

pulmonary fibrosis. 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 

pulmonary fibrosis. The adverse effects of smoking are stronger in men and in people with 

occupational exposure. 
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TABLES 

Table 1. Patient characteristics 

Characteristic PF cases 

(n = 171) 

IPF 

cases 

(n = 137) 

Controls 

(n = 719) 

Age 73.7 ± 

9.5 

74.2 ± 

9.8 

64.3 ± 

13.7 

Males, n (%) 107 (63) 86 (63) 337 (47) 

Never-smokers, n (%) 52 (30) 44 (32) 344 (48) 

Ex-smokers, n (%) 114 (67) 89 (65) 251 (35) 

Current smokers, n (%) 5 (3) 4 (3) 124 (17) 

Smoking history up to 10 years before PF diagnosis, n 

(%) 

119 (70) 93 (68) 375 (52) 

1 – 9 pack years 29 (17) 22 (16) 176 (24) 

10 – 19 pack years 34 (20) 27 (20) 91 (13) 

≥ 20 pack years 36 (21) 27 (20) 62 (9) 

Occupational exposure, n (%) 119 (70) 93 (68) 397 (55) 

Data presented as mean ± standard deviation unless otherwise specified. 

Abbreviations: IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis. 
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Table 2. Effect of smoking on the adjusted risk of pulmonary fibrosis, according to 

gender and occupational exposure 

 PF 

Odds ratio (95% CI) 

IPF 

Odds ratio (95% CI) 

 Women Men Women Men 

No occupational 

exposure 

1.10 (0.50 – 

2.42) 

1.97 (0.64 – 

6.13) 

1.12 (0. 49 – 

2.59) 

1.44 (0.43 – 

4.83) 

Occupational exposure 1.10 (0.52 – 

2.34) 

4.63 (2.08 – 

10.33) 

1.32 (0.58 – 

3.03) 

2.96 (1.34 – 

6.52) 

Odds ratios (95% confidence interval) for the effect of smoking vs. no smoking on the risk of 

developing PF and IPF, estimated using Mantel Haenzel 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. 

Abbreviations: CI, confidence interval; IPF, idiopathic pulmonary fibrosis; PF, pulmonary 

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

Smoking, pack years* PF 

OR (95% CI) 

IPF 

OR (95% CI) 

0 1 1 

1 – 9 1.03 (0.62 – 1.70) 0.90 (0.52 – 1.57) 

10 – 19 2.26 (1.35 – 3.80) 2.10 (1.20 – 3.68) 

≥ 20 2.66 (1.56 – 4.55) 2.25 (1.26 – 4.02) 

Odds ratios (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. 

Abbreviations: IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis. 
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Section/Topic Item 

# 
Recommendation 

Reported on 

page # 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract Title 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found Yes 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported Yes 

Objectives 3 State specific objectives, including any prespecified hypotheses Yes 

Methods  

Study design 4 Present key elements of study design early in the paper Yes 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection Yes 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale for 

the choice of cases and controls 

Yes 

  (b) For matched studies, give matching criteria and the number of controls per case Yes 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

Yes 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability 

of assessment methods if there is more than one group 
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Bias 9 Describe any efforts to address potential sources of bias Yes 

Study size 10 Explain how the study size was arrived at Yes 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why Yes 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding Yes 

(b) Describe any methods used to examine subgroups and interactions Yes 

(c) Explain how missing data were addressed Yes 

(d) If applicable, explain how matching of cases and controls was addressed Yes 

(e) Describe any sensitivity analyses Yes 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

Yes 

  (b) Give reasons for non-participation at each stage Yes 

  (c) Consider use of a flow diagram Yes 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

Yes 

  (b) Indicate number of participants with missing data for each variable of interest Yes 

Outcome data 15* Report numbers in each exposure category, or summary measures of exposure Yes 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

Adjusted analysis 

presented, 

biased crude 

estimates will be 

added upon 

request from 

reviewers or 

editor. 

  (b) Report category boundaries when continuous variables were categorized Yes 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period Yes 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses Yes 

Discussion    

Key results 18 Summarise key results with reference to study objectives Yes 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision.  

Discuss both direction and magnitude of any potential bias 

Yes 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar 

studies, and other relevant evidence 

Yes 

Generalisability 21 Discuss the generalisability (external validity) of the study results Yes 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the 

present article is based 

Yes 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 
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Word count of abstract: 197 

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) starting long-term oxygen 

therapy (LTOT) for PF in Sweden between February 1997 and April 2000, and 719 random 

control subjects from the general population. Of cases, 137 had probable idiopathic 

pulmonary fibrosis (IPF). The odds ratios (ORs) for smoking, gender, and occupational 

exposure were estimated using Mantel-Haenzel 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% confidence interval] 2.1 – 10.3) for PF, and OR 3.0 (1.3 – 6.5) for 

IPF, compared to in non-exposed women. Higher cumulative smoking exposure was linearly 

associated with increased risks. Compared to smoking less than ten pack-years, smoking ≥ 20 

pack-years was associated with increased risk of PF and IPF, OR 2.6 (1.4 – 4.9) and OR 2.5 

(1.3 – 5.0), respectively. 

Conclusion: 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 pulmonary fibrosis. 
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ARTICLE SUMMARY 

Article focus 

• Smoking, male gender and occupational exposures are proposed risk factors for 

developing severe idiopathic pulmonary disease (IPF), but data on the interplay 

between these factors are limited. 

• This study aims to estimate the effects of smoking, gender and occupational exposure 

on the risk of developing severe IPF, including interactions and dose-response effects. 

Key messages 

• Smoking has a dose-response association with increased risk of severe IPF. 

• The adverse effect of smoking is strongly amplified by male gender and occupational 

exposure. This study identifies men with a history of smoking and occupational 

exposures as a particular risk group for developing severe IPF. 

Strengths and limitations 

� Population-based case-control study of subjects developing oxygen-dependent 

pulmonary in Sweden with randomly selected controls from the general population. 

� Analysis of detailed exposure data, accounting for confounders and lag time between 

exposure and disease. 

� As the underlying etiology may be difficult to ascertain in patients with oxygen-

dependent pulmonary fibrosis, IPF was defined through review of national 

administrative register data and individual medical records.  
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BACKGROUND 

Pulmonary fibrosis (PF) constitutes a range of conditions that are either secondary to diseases 

or factors, such as systemic inflammatory disease and drug therapies, or primary, of which the 

most common is idiopathic pulmonary fibrosis (IPF).
1
  

IPF is a chronic, progressive, fibrosing interstitial lung disease with a high risk of rapid 

progression and mortality.
2
 Median survival after diagnosis is approximately two years.

2
 The 

incidence of IPF has increased over time, with marked regional differences suggesting the  

pathogenic role of various environmental and occupational exposures.
3
 

The etiology of IPF remains unknown.
2
 The majority of IPF patients are men with a history of 

current or past smoking.
2
 Most case-control studies have suggested an association between 

smoking and an increased risk of IPF,
4-7

 although  one study reported no such association.
8
 

This inconsistency is most likely due to differences in study settings, the included covariates 

and, in some studies, the use of hospital patients as control subjects, which might have biased 

the smoking estimates.
4 7 9-11

 Occupational exposures, including metal, stone and wood dust, 

have been linked to higher risks of developing IPF.
12

  

It is unknown if there are interactions between smoking, gender, and occupational exposure, 

and the risk of developing IPF. The only two studies which analyzed 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 significant interactions.
6,13

 Moreover, 

it is unclear if smoking really is an etiologic factor for IPF, as studies included low numbers 

of patients, and data on whether there is a dose-dependent relation between smoking and the 

risk of IPF are limited. 
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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 pulmonary fibrosis. 

 

 

METHODS 

This was a national, register-based case-control study. Patients starting long-term oxygen 

therapy (LTOT) for PF between 1 February 1997 and 4 April 2000 in the national Swedevox 

register were eligible for inclusion as cases. The Swedevox register covers some 85% of all 

patients starting LTOT in Sweden.
13

 Details of the study design and a previous analysis using 

the same data set have been published.
14

 Data was collected through an extensive postal 

questionnaire on smoking, occupational exposure (including fibers, fumes, gas, mineral dust, 

organic dust, and vapours) and diagnosis of PF. The questionnaire has been described in detail 

elsewhere.
15

 Smoking data included the year of starting smoking, date of stopping smoking, 

and the mean number of smoked cigarettes per day during each ten year period between ages 

15 – 65 years, and the mean exposure after age 65.
15

 Occupational data included the presence, 

start year, stop year and intensity (hours per week) for any occupational exposure, and 

exposure to birds (both at work and at home), metal dust, and wood dust. Occupational 

exposure was defined as any exposure ten or more years before the date of the PF diagnosis, 

allowing for a ten year lag-time between exposures and developing the disease. 

After the exclusion of patients who were incorrectly registered (n = 12; 5%) or did not 

respond to the questionnaire (n=58; 24%), 171 PF cases were included in the analysis. 
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Patients with probable idiopathic pulmonary fibrosis (IPF cases, n = 137) were identified 

through a review of each patient’s medical record done independently by specialists in 

respiratory medicine (KN, TG).
14

 High-resolution computed tomography (HRCT) was 

performed in 41% of PF patients, CT in an additional 10%, and trans-bronchial and open lung 

biopsy was performed in 6%, respectively. The IPF cohort excluded patients with an 

identifiable or probable cause of PF: rheumatic or systemic inflammatory diseases (20% of PF 

cases), pneumoconiosis (6%), medications or irradiation (2%).
14

 

Control subjects were selected as a random sample (n = 1000) from the general population of 

the same age range as the PF patients. Of the control subjects, 719 (72%) returned complete 

exposure data and were included in the analysis. 

 

Ethics Statement 

All participants gave their informed consent to participate. The study was approved by all the 

relevant ethics committees in Sweden, the Swedish National Board of Health and Welfare, 

and the Data Inspection Board. 

 

Statistical Analysis 

Cases and control subjects were categorized according to year of birth (1906 – 1923, 1924 – 

1936 or 1937 – 1969) and cases according to year they received their PF diagnosis (1968–

1986, 1987–1993 or 1994–1999). Control subjects were assigned a time point corresponding 

to the year patients received their PF diagnosis, using a method described previously.
14 15

 

First, control subjects 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 
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diagnosis of each control subject 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 variables. Continuous data were 

presented using mean with standard deviation (SD) and median with range or interquartile 

range (IQR) for variables with normal and skewed distribution, respectively. 

Smoking status and cumulative smoking exposure, calculated as pack years ([mean number of 

cigarettes per day] / 20 x [years of exposure]), were recorded up to 10 years prior to the date 

of the PF diagnosis (a 10-year time lag), allowing time between smoke exposure and the 

development of oxygen-dependent PF. 

Associations between smoking and the risk of developing oxygen-dependent PF and IPF, and 

the interactions between smoking, occupational exposure and gender were estimated and 

reported using Mantel-Haenzel analysis, controlling for year of birth, year of diagnosis and 

gender, as applicable. Interactions were also analyzed 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-Haenzel analysis and the 

conditional logistic models. 

Associations were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). 

Statistical significance was defined as a double-sided p < 0.05. Statistical analyses were 

performed using Stata version 11.1 (StataCorp LP; College Station, TX) and SAS version 9.2 

(SAS Institute, Inc., Cary, NC). 

 

 

RESULTS 
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We included 171 patients with PF, of whom 137 were classified as having IPF, and 719 

control subjects. 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 10 (IQR, 3 – 23) pack years, compared to 29 (45%) women 

with a median 8 (IQR, 3 – 15) pack years. A similar difference was seen for IPF cases. 

 

Interactions 

There was a significant interaction between smoking, occupational exposure and gender, and 

the risk of developing oxygen-dependent PF (test of homogeneity, p = 0.028). The interaction 

was similar in the IPF cohort (Table 2). Men with current or past smoking and occupational 

exposure had markedly increased risk of PF, OR 4.6 (2.1 – 10.3), and IPF, OR 3.0 (1.3 – 6.5), 

compared to non-exposed women (Table 2). Adjustment for differences in pack years 

between men and women, in addition to the other covariates, did not affect the estimates. 

 

Dose-response effect 

There was a linear association between higher cumulative smoking exposure (up to ten years 

before diagnosis) and increased risk of PF and IPF, OR 1.03 (95% CI, 1.01 – 1.04) per pack 

year and OR 1.02 (95% CI, 1.01 – 1.04) per pack year, respectively. Compared to lower 

levels of smoking (1 – 9 pack years), heavy smoking (≥ 20 pack years) was associated with an 

increased risk of PF, OR 2.6 (95% CI, 1.4 – 4.9), and IPF, OR 2.5 (95% CI, 1.3 – 5.0), as 

shown in Table 3. Using a 5-year time lag for smoking exposure instead of 10 years resulted 

in similar estimates. 
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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 – 3.7) 

and wood dust (OR 1.7; 95% CI, 1.0 – 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 – 2.0) or 

metal dust (OR 1.1; 95% CI, 0.6 – 1.8). There were signs of interactions with smoking and 

gender for exposure 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 – 2.8). 

 

 

DISCUSSION 

The main findings are that 1) smoking was a risk determinant in the development of oxygen-

dependent pulmonary fibrosis 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 pulmonary 

fibrosis. 

Our findings are consistent with reports of increased risk of IPF associated with smoking 
4-6 10 

12 16
 and occupational exposures.

4-7 9 12 14 16
 A previous analysis using the present data set 

showed that specific occupational factors associated with an increased risk of PF included 

exposure to birds and wood dust.
14

 Studies of a possible dose-response correlation between 

smoking and IPF have shown conflicting results, with two studies indicating a dose-dependent 
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effect
5 6

 and one study showing no dose correlation.
17

 The latter study, however, analyzed 

only smoking status and the current smoking dose (cigarettes per day) and not cumulative 

smoking exposure such as pack years.
17

 The present study extends the previous observations 

by demonstrating that the association between smoking and severe pulmonary fibrosis is 

dose-dependent and is modified by gender and occupational exposure. 

A strength of the present study is that it included cases from a population-based prospective 

register of patients starting LTOT in Sweden. Control subjects were randomly selected from 

the general population. Previous studies using control subjects in hospitals may have yielded 

biased estimates, as the risk of hospitalization is likely to be related to occupational factors 

and smoking.
4 7 9-11

 We had detailed data on the temporality, dose and duration of smoking. In 

contrast with previous studies, only exposure data up to ten 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 employment 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 IPF. Also, stopping 

smoking is a mandatory criterion for starting LTOT. Both these potential biases would tend to 

lower the number of smokers starting LTOT and to underestimate the association between 

smoking and oxygen-dependent PF. 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 IPF.
1
 The validity of the PF and IPF diagnoses was checked by respiratory 

physicians using medical records, including available radiographic and histologic data.
14
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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.
1 18

 Thus, 

the prevalence of IPF is likely high in oxygen-dependent pulmonary fibrosis. It is possible 

that we included patients with combined PF and emphysema, which may be present in up to  

one third of IPF patients.
19

 Concurrent emphysema may constitute a smoking-related 

comorbidity or a distinct IPF phenotype,
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 pulmonary fibrosis 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 likely have high applicability to severe PF in Swedish 

clinical practice. The validity to other settings may be lower owing to differences in socio-

demographics factors, health care organization, and pattern of exposure.  

Mechanisms governing  the relationship between smoking, gender, occupational exposure, 

and the development of severe pulmonary fibrosis are unknown but likely involve complex 

interactions between different environmental factors in genetically predisposed individuals.
20

 

The adverse effect of smoking could in part be attributable to the development of concurrent 

emphysema, which has been associated with hypoxemia and earlier death in IPF.
21

 

For the clinician, this study identifies a group of male, heavy smokers with occupational 

exposure to harmful substances, who have a greatly increased risk of developing severe 

pulmonary fibrosis. In this group, interventions to help people reduce or stop smoking are a 

top priority. 
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In conclusion, smoking is associated with a dose-dependent increase in oxygen-dependent 

pulmonary fibrosis. The adverse effects of smoking are stronger in men and in people with 

occupational exposure. 
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TABLES 

Table 1. Patient characteristics 

Characteristic PF cases 

(n = 171) 

IPF cases 

(n = 137) 

Controls 

(n = 719) 

Age 73.7 ± 9.5 74.2 ± 9.8 64.3 ± 13.7 

Males, n (%) 107 (63) 86 (63) 337 (47) 

Never-smokers, n (%) 52 (30) 44 (32) 344 (48) 

Ex-smokers, n (%) 114 (67) 89 (65) 251 (35) 

Current smokers, n (%) 5 (3) 4 (3) 124 (17) 

Smoking exposure, n (%) * 119 (70) 93 (68) 375 (52) 

1 – 9 pack years 29 (17) 22 (16) 176 (24) 

10 – 19 pack years 34 (20) 27 (20) 91 (13) 

≥ 20 pack years 36 (21) 27 (20) 62 (9) 

Occupational exposure, n (%) * 119 (70) 93 (68) 397 (55) 

Birds 16 (9) 11 (8) 33 (5) 

Inorganic dust 55 (32) 40 (29) 164 (23) 
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Metal dust 35 (20) 27 (19) 119 (17) 

Organic dust 67 (39) 52 (38) 182 (25) 

Wood dust 32 (18) 25 (18) 57 (8) 

Data presented as mean ± standard deviation unless otherwise specified. 

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

Abbreviations: IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis. 
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Table 2. Effect of smoking on the adjusted risk of pulmonary fibrosis, according to 

gender and occupational exposure 

 PF 

Odds ratio (95% CI) 

IPF 

Odds ratio (95% CI) 

 Women Men Women Men 

No occupational 

exposure 

1.10 (0.50 – 

2.42) 

1.97 (0.64 – 

6.13) 

1.12 (0. 49 – 

2.59) 

1.44 (0.43 – 

4.83) 

Occupational exposure 1.10 (0.52 – 

2.34) 

4.63 (2.08 – 

10.33) 

1.32 (0.58 – 

3.03) 

2.96 (1.34 – 

6.52) 

Odds ratios (95% confidence interval) for the effect of smoking vs. no smoking on the risk of 

developing PF and IPF, estimated using Mantel Haenzel 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. 

Abbreviations: CI, confidence interval; IPF, idiopathic pulmonary fibrosis; PF, pulmonary 

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

Smoking, pack years* PF 

OR (95% CI) 

IPF 

OR (95% CI) 

0 1 1 

1 – 9 1.03 (0.62 – 1.70) 0.90 (0.52 – 1.57) 

10 – 19 2.26 (1.35 – 3.80) 2.10 (1.20 – 3.68) 

≥ 20 2.66 (1.56 – 4.55) 2.25 (1.26 – 4.02) 

Odds ratios (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. 

Abbreviations: IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis. 
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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) starting long-term oxygen 

therapy (LTOT) for PF in Sweden between February 1997 and April 2000, and 719 random 

control subjects from the general population. Of cases, 137 had probable idiopathic 

pulmonary fibrosis (IPF). The odds ratios (ORs) for smoking, gender, and occupational 

exposure were estimated using Mantel-Haenzel 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% confidence interval] 2.1 – 10.3) for PF, and OR 3.0 (1.3 – 6.5) for 

IPF, compared to in non-exposed women. Higher cumulative smoking exposure was linearly 

associated with increased risks. Compared to smoking less than ten pack-years, smoking ≥ 20 

pack-years was associated with increased risk of PF and IPF, OR 2.6 (1.4 – 4.9) and OR 2.5 

(1.3 – 5.0), respectively. 

Conclusion: 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 pulmonary fibrosis. 
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ARTICLE SUMMARY 

Article focus 

• Smoking, male gender and occupational exposures are proposed risk factors for 

developing severe idiopathic pulmonary disease (IPF), but data on the interplay 

between these factors are limited. 

• This study aims to estimate the effects of smoking, gender and occupational exposure 

on the risk of developing severe IPF, including interactions and dose-response effects. 

Key messages 

• Smoking has a dose-response association with increased risk of severe IPF. 

• The adverse effect of smoking is strongly amplified by male gender and occupational 

exposure. This study identifies men with a history of smoking and occupational 

exposures as a particular risk group for developing severe IPF. 

Strengths and limitations 

� Population-based case-control study of subjects developing oxygen-dependent 

pulmonary in Sweden with randomly selected controls from the general population. 

� Analysis of detailed exposure data, accounting for confounders and lag time between 

exposure and disease. 

� As the underlying etiology may be difficult to ascertain in patients with oxygen-

dependent pulmonary fibrosis, IPF was defined through review of national 

administrative register data and individual medical records.  
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BACKGROUND 

Pulmonary fibrosis (PF) constitutes a range of conditions that are either secondary to diseases 

or factors, such as systemic inflammatory disease and drug therapies, or primary, of which the 

most common is idiopathic pulmonary fibrosis (IPF).
1
  

IPF is a chronic, progressive, fibrosing interstitial lung disease with a high risk of rapid 

progression and mortality.
2
 Median survival after diagnosis is approximately two years.

2
 The 

incidence of IPF has increased over time, with marked regional differences suggesting the  

pathogenic role of various environmental and occupational exposures.3 

The etiology of IPF remains unknown.
2
 The majority of IPF patients are men with a history of 

current or past smoking.2 Most case-control studies have suggested an association between 

smoking and an increased risk of IPF,4-7 although  one study reported no such association.8 

This inconsistency is most likely due to differences in study settings, the included covariates 

and, in some studies, the use of hospital patients as control subjects, which might have biased 

the smoking estimates.
4 7 9-11

 Occupational exposures, including metal, stone and wood dust, 

have been linked to higher risks of developing IPF.12  

It is unknown if there are interactions between smoking, gender, and occupational exposure, 

and the risk of developing IPF. The only two studies which analyzed 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 significant interactions.
6,13

 Moreover, 

it is unclear if smoking really is an etiologic factor for IPF, as studies included low numbers 

of patients, and data on whether there is a dose-dependent relation between smoking and the 

risk of IPF are limited. 
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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 pulmonary fibrosis. 

 

 

METHODS 

This was a national, register-based case-control study. Patients starting long-term oxygen 

therapy (LTOT) for PF between 1 February 1997 and 4 April 2000 in the national Swedevox 

register were eligible for inclusion as cases. The Swedevox register covers some 85% of all 

patients starting LTOT in Sweden.13 Details of the study design and a previous analysis using 

the same data set have been published.
14

 Data was collected through an extensive postal 

questionnaire on smoking, occupational exposure (including fibers, fumes, gas, mineral dust, 

organic dust, and vapours) and diagnosis of PF. The questionnaire has been described in detail 

elsewhere.15 Smoking data included the year of starting smoking, date of stopping smoking, 

and the mean number of smoked cigarettes per day during each ten year period between ages 

15 – 65 years, and the mean exposure after age 65.15 Occupational data included the presence, 

start year, stop year and intensity (hours per week) for any occupational exposure, and 

exposure to birds (both at work and at home), metal dust, and wood dust. Occupational 

exposure was defined as any exposure ten or more years before the date of the PF diagnosis, 

allowing for a ten year lag-time between exposures and developing the disease. 

After the exclusion of patients who were incorrectly registered (n = 12; 5%) or did not 

respond to the questionnaire (n=58; 24%), 171 PF cases were included in the analysis. 
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Patients with probable idiopathic pulmonary fibrosis (IPF cases, n = 137) were identified 

through a review of each patient’s medical record done independently by specialists in 

respiratory medicine (KN, TG).14 High-resolution computed tomography (HRCT) was 

performed in 41% of PF patients, CT in an additional 10%, and trans-bronchial and open lung 

biopsy was performed in 6%, respectively. The IPF cohort excluded cases in the study 

included only patients without with anny identifiable or probable cause of PF: ( rheumatic or 

systemic inflammatory diseases (20% of PF cases), infection, pneumoconiosis (6%), 

medications or, irradiation (2%), rheumatic or systemic inflammatory diseases .etc.)14 

Control subjects were selected as a random sample (n = 1000) from the general population of 

the same age range as the PF patients. Of the control subjects, 719 (72%) returned complete 

exposure data and were included in the analysis. 

 

Ethics Statement 

All participants gave their informed consent to participate. The study was approved by all the 

relevant ethics committees in Sweden, the Swedish National Board of Health and Welfare, 

and the Data Inspection Board. 

 

Statistical Analysis 

Cases and control subjects were categorized according to year of birth (1906 – 1923, 1924 – 

1936 or 1937 – 1969) and cases according to year they received their PF diagnosis (1968–

1986, 1987–1993 or 1994–1999). Control subjects were assigned a time point corresponding 

to the year patients received their PF diagnosis, using a method described previously.
14 15

 

First, control subjects within each birth year group were assigned a random diagnosis year 
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group, weighted by the number of cases in each diagnosis year group. Then, the year of PF 

diagnosis of each control subject 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 variables. Continuous data were 

presented using mean with standard deviation (SD) and median with range or interquartile 

range (IQR) for variables with normal and skewed distribution, respectively. 

Smoking status and cumulative smoking exposure, calculated as pack years ([mean number of 

cigarettes per day] / 20 x [years of exposure]), were recorded up to 10 years prior to the date 

of the PF diagnosis (a 10-year time lag), allowing time between smoke exposure and the 

development of oxygen-dependent PF. 

Associations between smoking and the risk of developing oxygen-dependent PF and IPF, and 

the interactions between smoking, occupational exposure and gender were estimated and 

reported using Mantel-Haenzel analysis, controlling for year of birth, year of diagnosis and 

gender, as applicable. Interactions were also analyzed 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-Haenzel analysis and the 

conditional logistic models. 

Associations were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). 

Statistical significance was defined as a double-sided p < 0.05. Statistical analyses were 

performed using Stata version 11.1 (StataCorp LP; College Station, TX) and SAS version 9.2 

(SAS Institute, Inc., Cary, NC). 
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RESULTS 

We included 171 patients with PF, of whom 137 were classified as having IPF, and 719 

control subjects. 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 10 (IQR, 3 – 23) pack years, compared to 29 (45%) women 

with a median 8 (IQR, 3 – 15) pack years. A similar difference was seen for IPF cases. 

 

Interactions 

There was a significant interaction between smoking, occupational exposure and gender, and 

the risk of developing oxygen-dependent PF (test of homogeneity, p = 0.028). The 

interactiondifferences in effects wasere similar for in the IPF cohort (Table 2). Men with 

current or past smoking and occupational exposure had markedly increased risk of PF, OR 4.6 

(2.1 – 10.3), and IPF, OR 3.0 (1.3 – 6.5), compared to non-exposed women (Table 2). 

Adjustment for differences in pack years between men and women, in addition to the other 

covariates, did not affect the estimates. 

 

Dose-response effect 

There was a linear association between higher cumulative smoking exposure (up to ten years 

before diagnosis) and increased risk of PF and IPF, OR 1.03 (95% CI, 1.01 – 1.04) per pack 

year and OR 1.02 (95% CI, 1.01 – 1.04) per pack year, respectively. Compared to lower 

levels of smoking (1 – 9 pack years), heavy smoking (≥ 20 pack years) was associated with an 

increased risk of PF, OR 2.6 (95% CI, 1.4 – 4.9), and IPF, OR 2.5 (95% CI, 1.3 – 5.0), as 
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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 – 3.7) 

and wood dust (OR 1.7; 95% CI, 1.0 – 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 – 2.0) or 

metal dust (OR 1.1; 95% CI, 0.6 – 1.8). There were signs of interactions with smoking and 

gender for exposure 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 – 2.8). 

 

 

DISCUSSION 

The main findings are that 1) smoking was a risk determinant in the development of oxygen-

dependent pulmonary fibrosis 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 pulmonary 

fibrosis. 

Our findings are consistent with reports of increased risk of IPF associated with smoking 
4-6 10 

12 16 and occupational exposures.4-7 9 12 14 16 A previous analysis using the present data set 
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showed that specific occupational factors associated with an increased risk of PF included 

exposure to birds and wood dust.
14

 Studies of a possible dose-response correlation between 

smoking and IPF have shown conflicting results, with two studies indicating a dose-dependent 

effect
5 6

 and one study showing no dose correlation .correlation.
17

 The latter study, however, 

analyzed only smoking status and the current smoking dose (cigarettes per day) and not 

cumulative smoking exposure such as pack years.17 The present study extends the previous 

observations by demonstrating that the association between smoking and severe pulmonary 

fibrosis is dose-dependent and is modified by gender and occupational exposure. 

A strength of the present study is that it included cases from a population-based prospective 

register of patients starting LTOT in Sweden. Control subjects were randomly selected from 

the general population. Previous studies using control subjects in hospitals may have yielded 

biased estimates, as the risk of hospitalization is likely to be related to occupational factors 

and smoking.4 7 9-11 We had detailed data on the temporality, dose and duration of smoking. In 

contrast with previous studies, only exposure data up to ten 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 iswas, however, supported by a high degree of 

consistency between  reported employment histories and occupational exposure to specific 

agents.
14

 Secondly, 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 diseases, 

such as cancer and cardiovascular disease, before they can develop severe IPF. Also, stopping 

smoking is a mandatory criterion for starting LTOT. Both these potential biases would tend to 

lower the number of smokers starting LTOT and our findings might thusand to underestimate 

the association between smoking and oxygen-dependent PF. Thirdly, the IPF diagnosis could 
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be misclassified in some patients, especially as the cohort was collected prior to the 

publication of main consensus definition of IPF.
1
 The validity of the PF and IPF diagnoses 

was checked by a respiratory physicians using medical records, including available 

radiographic and histologic data.
14

 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.1 18 Thus, the prevalence of IPF is likely high in oxygen-

dependent pulmonary fibrosis. It is possible that we included patients with combined PF and 

emphysema, which may be present in up to  one third of IPF patients.19 Concurrent 

emphysema may constitute a smoking-related comorbidity or a distinct IPF phenotype,
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 pulmonary fibrosis 

at in the clinic. Our resultsFindings were similar consistent in both the PF and IPF 

groupscohorts, which supports the validity of the present analysisfindings. Using national 

population based cases and controls, the present findings likely have high applicability to 

severe PF in Swedish clinical practice. The validity to other settings may be lower owing to 

differences in socio-demographics factors, health care organization, and pattern of exposure.  

Mechanisms governing  the relationship between smoking, gender, occupational exposure, 

and the development of severe pulmonary fibrosis are unknown but likely involve complex 

interactions between different environmental factors in genetically predisposed individuals.20 

The adverse effect of smoking could in part be attributable to the development of concurrent 

emphysema, which has been associated shown to predictwith hypoxemia  and a earlier 

deathpoor prognosis in IPF.
21

  

For the clinician, this study identifies a group of male, heavy smokers with occupational 

exposure to harmful substances, who have a greatly increased risk of developing severe 
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pulmonary fibrosis. 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 

pulmonary fibrosis. The adverse effects of smoking are stronger in men and in people with 

occupational exposure. 
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TABLES 

Table 1. Patient characteristics 

Characteristic PF cases 

(n = 

171) 

IPF 

cases 

(n = 

137) 

Controls 

(n = 719) 

Age 73.7 ± 

9.5 

74.2 ± 

9.8 

64.3 ± 

13.7 

Males, n (%) 107 (63) 86 (63) 337 (47) 

Never-smokers, n (%) 52 (30) 44 (32) 344 (48) 

Ex-smokers, n (%) 114 (67) 89 (65) 251 (35) 

Current smokers, n (%) 5 (3) 4 (3) 124 (17) 

Smoking history exposureup to 10 years before PF 

diagnosis, n (%) * 

119 (70) 93 (68) 375 (52) 

1 – 9 pack years 29 (17) 22 (16) 176 (24) 

10 – 19 pack years 34 (20) 27 (20) 91 (13) 

≥ 20 pack years 36 (21) 27 (20) 62 (9) 

Occupational exposure, n (%) * 119 (70) 93 (68) 397 (55) 

Birds 16 (9) 11 (8) 33 (5) Formatted: Centered
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Inorganic dust 55 (32) 40 (29) 164 (23) 

Metal dust 35 (20) 27 (19) 119 (17) 

Organic dust 67 (39) 52 (38) 182 (25) 

Wood dust 32 (18) 25 (18) 57 (8) 

Data presented as mean ± standard deviation unless otherwise specified. 

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

Abbreviations: IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis. 

Formatted: Centered

Formatted: Centered
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Table 2. Effect of smoking on the adjusted risk of pulmonary fibrosis, according to 

gender and occupational exposure 

 PF 

Odds ratio (95% CI) 

IPF 

Odds ratio (95% CI) 

 Women Men Women Men 

No occupational 

exposure 

1.10 (0.50 – 

2.42) 

1.97 (0.64 – 

6.13) 

1.12 (0. 49 – 

2.59) 

1.44 (0.43 – 

4.83) 

Occupational exposure 1.10 (0.52 – 

2.34) 

4.63 (2.08 – 

10.33) 

1.32 (0.58 – 

3.03) 

2.96 (1.34 – 

6.52) 

Odds ratios (95% confidence interval) for the effect of smoking vs. no smoking on the risk of 

developing PF and IPF, estimated using Mantel Haenzel 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. 

Abbreviations: CI, confidence interval; IPF, idiopathic pulmonary fibrosis; PF, pulmonary 

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

Smoking, pack years* PF 

OR (95% CI) 

IPF 

OR (95% CI) 

0 1 1 

1 – 9 1.03 (0.62 – 1.70) 0.90 (0.52 – 1.57) 

10 – 19 2.26 (1.35 – 3.80) 2.10 (1.20 – 3.68) 

≥ 20 2.66 (1.56 – 4.55) 2.25 (1.26 – 4.02) 

Odds ratios (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. 

Abbreviations: IPF, idiopathic pulmonary fibrosis; PF, pulmonary fibrosis. 
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  (b) Report category boundaries when continuous variables were categorized Yes 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period Yes 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses Yes 

Discussion    

Key results 18 Summarise key results with reference to study objectives Yes 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision.  

Discuss both direction and magnitude of any potential bias 

Yes 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar 

studies, and other relevant evidence 

Yes 

Generalisability 21 Discuss the generalisability (external validity) of the study results Yes 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the 

present article is based 

Yes 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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