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ABSTRACT 

Objectives To assess the prevalence of chronic respiratory conditions in 

metropolitan fire-fighters and to study associations between occupational 

exposure, use of respiratory protection and health-related quality of life 

(HRQoL) in fire-fighters with and without chronic respiratory conditions. 

Methods Cross-sectional cohort analysis: Respiratory symptoms, medical 

conditions, occupational tasks and exposures and consistency of using 

respiratory protection were inquired by questionnaire. The SF12_V2 Health 

Survey was used to measure physical (PCS-12) and mental (MCS-12) HRQoL. 

Fire-fighters were categorised in subgroups: asthma; COPD/emphysema/chronic 

bronchitis; no chronic respiratory conditions; and as being ‘not involved’ or 

‘involved’ in fire-fighting tasks, the latter further categorised as ‘consistent’ or 

‘inconsistent’ use of respiratory protection. PCS-12 and MCS-12 scores were 

compared between subgroups and categories using linear regression. 

Results Five hundred and seventy fire-fighters were analysed, 24 (4 %) fulfilled 

the criteria for asthma, 39 (7 %) for COPD/emphysema/chronic bronchitis. Fire-

fighters with asthma were older than those in the other two subgroups and had 

been employed in the fire service longer. Respiratory subgroups did not differ in 

their involvement in fire-fighting tasks. Ninety-one percent of fire-fighters 

reported relevant occupational exposure in the past year. Mean PCS-12 scores 

for fire-fighters with no chronic respiratory conditions, asthma and 

COPD/emphysema/ bronchitis were 52.0 (SD 6.9), 47.0 (8.5) and 48.1 (9.4). 

For PCS-12 (but not for MCS-12), interaction between having a chronic 

respiratory condition and inconsistent use of respiratory protection during fire 

knockdown was observed (p\0.001). 

Conclusions Ten percent of metropolitan fire-fighters reported underlying 

chronic respiratory conditions. Presence of such a condition in combination with 
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suboptimal protection from inhaled exposures may lead to poorer physical 

HRQoL. 

INTRODUCTION  

Fire-fighters may be at increased risk of adverse health effects due to exposure to all 

kinds of potentially harmful substances during their professional duties. Providing 

respiratory protection devices to fire-fighters to prevent inhalation of smoke, fumes 

and particles has become standard policy in fire departments around the world, 

although in reality, the devices may not always be optimally used (Greven et al. 

2011; Schermer et al. 2010, 2014). 

Even while recruits for fire services are selected based on their physical fitness and 

good general health (Anonymous 2010; Duffy et al. 2010), some fire-fighters may 

have an underlying chronic respiratory condition or develop such a condition during 

their professional careers. Previous research has mainly focused on the association 

between fire-fighters’ occupational exposures and new-onset chronic respiratory 

conditions. For instance, follow-up of fire-fighters (and other emergency service 

workers) responding to the World Trade Center (WTC) disaster has shown that they 

are at an increased risk of developing asthma and other physician-diagnosed 

respiratory conditions in subsequent years (Kim et al. 2012; Webber et al. 

2011; Wheeler et al. 2007). However, studies looking at the health status of fire-

fighters once they have developed a chronic respiratory condition do not seem to 

have been reported so far. What has been reported though is that being exposed to 

smoke and other airborne matters increases fire-fighters’ bronchial 

hyperresponsiveness in the short term (Chia et al. 1990; Greven et al. 2012; Kinsella 

et al. 1991; Loke et al. 1980; Miedinger et al. 2007a; Sherman et al. 1989) as well as 

in the longer term (Banauch et al. 2003; Loke et al. 1980; Prezant et al. 2002), and 

may also lead to reduced lung function (Burgess et al. 2001; Greven et al. 2011; Liu 

et al. 1992; Loke et al. 1980, 1992; Mustajbegovic et al. 2001). It has previously 

been shown that fire-fighters who are incompliant with regard to consistent use of 

respiratory protection devices while being exposed showed an increased risk of 

accelerated FEV1 decline (Schermer et al. 2010, 2014; Tepper et al. 1991). 

Knowing this, it seems all the more important for firefighters who have an 

underlying chronic respiratory condition to use their protection devices consistently, 

as they may be more likely to experience negative health consequences when 

inhaling potentially harmful substances during their professional duties. 

The aims of the current study were therefore to (1) assess the prevalence of chronic 

respiratory conditions in our cohort of South Australian metropolitan fire-fighters 

and (2) relate self-reported occupational exposure and use of respiratory protection 

devices to health-related quality of life in fire-fighters with and without chronic 

respiratory conditions. We hypothesised that fire-fighters with an underlying chronic 

respiratory condition would have poorer health-related quality of life when they are 

occupationally exposed to inhaled substances than those with no such underlying 

condition. 
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METHODS  

Study design and subjects  

The study was a cross-sectional analysis in an ongoing prospective dynamic cohort 

study in South Australian metropolitan fire-fighters, the South Australian 

Metropolitan Fire Service (SAMFS) study (Schermer et al. 2010). To date, the 

SAMFS study consists of three rounds of measurements: in 2007/2008 (stage 1), 

2010/2011 (stage 2) and 2012/2013 (stage 3). The current analysis was based on the 

second and third rounds of data collection only, as the first round did not include 

items on occupational exposures or use of respiratory protection devices. 

Subsequently, 458 fire-fighters took part in stage 2 and 461 in stage 3. There were 

both dropouts and new enrolees at each of the stages 2 and 3, with some who had 

missed round 2 returning in stage 3. Baseline lung function values and their 

percentage predicted values were lower in fire-fighters who did not participate in a 

next stage of data collection (Schermer et al. 2014). One hundred and ninety-eight 

fire-fighters provided information at both time points. In these cases, only the most 

recent information (i.e. from 2012/2013) was used, so each fire-fighter could only 

contribute data from one stage. At the start of the study, the SAMFS maintained staff 

that included 729 full-time fire-fighters, all but one (99.6 %) Caucasians. The overall 

participation rate of the fire-fighters invited for the two rounds of measurements was 

64.3 %. 

The current analysis was funded by the SAMFS and the University of Adelaide and 

received ethics approval from the University of Adelaide Human Research Ethics 

Committee (H-057-2007). All study participants gave written informed consent. 

Data collection and measurements  

Information regarding demographic characteristics, smoking, respiratory symptoms, 

doctor-diagnosed respiratory, cardiovascular and other medical conditions, 

cardiovascular risk factors (i.e. hypertension, hypercholesterolemia), occupational 

exposures and use of respiratory protection devices was collected using a study-

specific questionnaire.( Schermer et al. 2010, 2014) Part of the items in the 

questionnaire were taken from the ‘Heart Disease among Firefighters’ study from the 

University of British Columbia, Vancouver, Canada 

(http://hdfirefighters.spph.ubc.ca/ heart-disease-among-firefighters/welcome). 

The SAMFS has been using various types of compressed air/decant systems since the 

early 1970s for respiratory protection of their fire-fighters. Since 1997 until present 

(so during the observation period of the current study), Air- Maxx self-contained 

breathing apparatus systems (MSA 

Auer, Berlin, Germany) are used. The study questionnaire also contained questions 

about whether or not the firefighters had been exposed to the following substances in 

the last 12 months: smoke (including particulate matter); vapours or fumes; organic 

solvents; organic dusts; or inorganic dusts. Other items in the questionnaire inquired 

whether and how frequently fire-fighters had been involved in common fire-fighting 

tasks (knockdown, overhaul) and the types of fires (residential, car, shops/offices, 

dump/ waste, industrial, bush and marine) they had attended during the last 12 

months. We also inquired how often the fire-fighters had usually worn their 

respiratory protection during these tasks in that same period. 

The SF-12_V2 Health Survey (QualityMetric, Lincoln, RI, USA) was used to 

measure generic health-related quality of life. The SF-12 contains eight subscales 
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(Ware et al. 1996): physical functioning (2 items); role limitations due to physical 

problems (2 items); bodily pain (1 item); general health perceptions (1 item); vitality 

(1 item); social functioning (1 item); role limitations due to emotional problems (2 

items); and mental health (2 items). Based on these items, two summary scores are 

calculated: the physical (PCS-12) and the mental (MCS-12) component summary 

scores. PCS-12 and MCS-12 scores have a range of 0–100 (a higher score indicating 

better health-related quality of life) and were designed to have a mean score of 50 

and a standard deviation of 10 in a representative sample of the US population. The 

psychometric properties and factor structure of the SF-12 have been examined in 

several studies worldwide, the results of which showing that the instrument is a 

reliable and valid measure that can be used in a variety of study populations, among 

which are various occupational groups (Ross et al. 2007; van den Berg et al. 2008) 

and subjects with chronic respiratory conditions (Adams et al. 2003; Katz et al. 

2005). 

Spirometry in the fire-fighters was performed using a Masterscreen_ spirometer 

(Viasys Healthcare/Cardinal Health, Wu¨rzburg, Germany) following 2005 

international recommendations for spirometry (Miller et al. 2005). All spirometry 

tests were performed by the same research nurse (WM). Predicted normal values for 

the forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) 

used were those published by Gore et al. (1995). 

Definitions of chronic conditions and consistency in respiratory protection  

Based on the questionnaire data, the following subgroups of fire-fighters in terms of 

their respiratory health were defined (further referred to as ‘respiratory health 

subgroups’): • Asthma doctor-diagnosed asthma plus an asthma attack in the 

previous 12 months; or doctor-diagnosed asthma and current use of asthma 

medication; or no doctordiagnosed asthma reported, but had experienced asthma 

attacks before and currently using asthma medication. 

• COPD, emphysema, chronic bronchitis doctor-diagnosed COPD, emphysema or 

chronic bronchitis that was still persisting; and/or coughing up phlegm from the chest 

on most days for as much as 3 months each year for at least 2 years (Siafakas et al. 

1995). 

• No chronic respiratory conditions all other fire-fighters in the study sample. 

Participants recorded other medical conditions they might suffer from in a free-text 

field. The reported conditions were post hoc coded into the following categories: 

cardiovascular (myocardial infarction, angina pectoris, heart failure, stroke); diabetes 

mellitus; chronic locomotor conditions; recent pneumonia; and ‘other’ (which 

included single cases of prostate cancer; Crohn’s disease; renal dysfunction; 

myeloma; sleep apnoea; and mental illness). 

To express fire-fighters’ consistency in using respiratory protection when involved in 

common fire-fighting tasks, we combined ‘often’ (60–80 % of the time) and 

‘frequent’ (80–100 %) use to reflect ‘consistent use’, and ‘never’, ‘rarely’ (\40 %) 

and ‘some of the time’ (40–60 %) as ‘inconsistent use’. Because knockdown (i.e. 

putting out fires) is the commonest fire-fighting task and probably also the exposure 

of greatest respiratory health relevance, we focused on consistency of respiratory 

protection during this particular task in the further analyses. Finally, three ‘exposure 

protection categories’ were defined: • fire-fighters who reported not to have been 

involved in knockdown; • fire-fighters involved in knockdown who reported 
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‘consistent use’ of respiratory protection; and • fire-fighters involved in knockdown 

who reported ‘inconsistent use’ of respiratory protection. 

Statistical analysis  

Linear regression analyses, v2 and Fisher’s exact tests were used to compare 

characteristics between the three respiratory subgroups. Logistic regression analysis 

[with correction for age and body mass index (BMI)] was used to compare the 

presence of cardiovascular risk factors between the subgroups. PCS-12 and MCS-12 

component summary scores were compared using linear regression models, in which 

presence of a chronic respiratory condition and exposure protection category were 

included as independent variables. Because the objective of this part of the analysis 

was to test for differential PCS-12 and MCS- 12 scores between fire-fighters with 

and without underlying chronic respiratory conditions who were either sufficiently 

protected during occupational exposure or not, interaction terms that combine these 

two independent variables were included in the regression models (see Table 3 for 

further details). Age, BMI and presence of other relevant medical conditions that are 

known to influence health-related quality of life were therefore entered as covariates. 

Because of the relatively small numbers of fire-fighters in the different exposure 

protection categories in the asthma and COPD/emphysema/bronchitis subgroups, 

these two subgroups were combined in this final part of the analysis. 

SPSS version 20.0 was used for all analyses. p values \0.05 were considered 

statistically significant. 

[TABLE 1] 

RESULTS  

Study population and chronic conditions  

A total of 592metropolitan fire-fighters weremeasured during the second, third or 

both stages of the MFS study. Essential questionnaire items regarding the presence of 

chronic respiratory conditions and symptoms were missing for 8 firefighters. 

These were excluded from further analysis, as were 14 new recruits to the fire 

service. This resulted in a final sample of 570 metropolitan fire-fighters to be 

analysed. 

Twenty-four fire-fighters (4 %) fulfilled the criteria for asthma. In this subgroup, all 

but two (92 %) indicated to have doctor-diagnosed asthma and all but one (96 %) 

were currently using asthma medication: 13 inhaled bronchodilators only and 10 

inhaled bronchodilators combined with inhaled corticosteroids. Thirty-nine fire-

fighters (6.8 %) fulfilled the criteria for COPD, emphysema and/or chronic bronchitis 

(5 of which also fulfilled the criteria for asthma and were analysed in the asthma 

subgroup). Of the 34 firefighters in this subgroup, 11 reported doctor-diagnosed 

COPD, emphysema or chronic bronchitis. The remaining 23 fire-fighters fulfilled the 

widely used symptom-based definition of chronic bronchitis. None of the fire-

fighters in the COPD/emphysema/bronchitis subgroup reported use of respiratory 

medication. 

Table 1 shows demographic and clinical characteristics of the three subgroups. With 

a mean age of 49.2 (SD 9.0) 

years, the fire-fighters in the asthma subgroup were older than those in the other two 

subgroups (p = 0.029). They had also been employed in the fire service for the 
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longest period of time (24.6 (SD 10.0) years); p\0.001). After correcting for age, the 

subgroups did not differ with regard to lung function indices (Table 1). 

Overall, 63 (11.1 %) fire-fighters reported one or more other relevant medical 

conditions, the most common ones being chronic locomotor (n = 35) and 

cardiovascular (n = 14) conditions. None of the fire-fighters in the asthma subgroup 

and only 1 in the COPD/emphysema/bronchitis subgroup reported locomotor 

conditions. The overall number of fire-fighters with cardiovascular conditions was 

too small to allow statistical testing of differences between the subgroups: 6 cases 

(18 %) in the COPD/emphysema/ bronchitis subgroup, 1 (4 %) in the asthma 

subgroup and 7 (1 %) in the subgroup with no chronic respiratory conditions. 

Compared to the subgroup with no chronic respiratory conditions, both the asthma 

and the COPD/ emphysema/bronchitis subgroups showed higher odds of 

cardiovascular risk factors being present: OR = 2.5 (95 % CI 1.0, 6.4) and OR = 2.8 

(95 % CI 1.43, 6.3), after adjusting for age and BMI. 

[TABLE 2] 

Occupational exposure and use of respiratory protection  

The respiratory health subgroups did not differ with regard to their involvement in 

common fire-fighting tasks in the past 12 months, nor did those involved in these 

tasks differ in their consistency of using respiratory protection during these tasks 

(Table 2). The same was true for attendance to different types of fires (Table 2). 

Overall, 91 % of the firefighters reported to have been exposed to smoke in the past 

12 months, 83 % to vapours or fumes, 48 % to inorganic dusts, 43 % to organic dusts 

and 33 % to organic solvents, but no differences between the subgroups were 

observed (Table 2). Nine fire-fighters in the asthma subgroup (38 %) reported to 

have been exposed to smoke or fumes that had made them sick and/or required 

medical attention because of it in the past 12 months, compared to 7 (21 %) in the 

COPD/emphysema/bronchitis subgroup and 85 (17 %) in the non-respiratory 

subgroup (v2 test: p = 0.031). 

Comparison of SF-12 scores between subgroups  

Overall mean PCS-12 scores for the subgroups with no chronic respiratory 

conditions, asthma and COPD/emphysema/ bronchitis were 52.0 (6.9), 47.0 (8.5) and 

48.1 (9.4), respectively. The corresponding figures for MCS-12 scores were 52.7 

(7.6), 52.1 (7.8) and 49.1 (8.0). Figure 1 shows the mean values for the PCS-12 and 

MCS-12 scale scores for the respective respiratory health subgroups of firefighters in 

relation to the exposure protection categories. 

Table 3 shows the results of the linear regression models. 

Neither having a chronic respiratory condition nor being involved in knockdown or 

inconsistent use of protection 

was associated with the PCS-12 score. However, the b coefficient of the interaction 

term ‘chronic respiratory condition * inconsistent use of respiratory protection’ was 

statistically significantly different from zero (p\0.001), which implies that the fire-

fighters in the combined asthma and COPD/emphysema/bronchitis subgroups who 

reported inconsistent use of respiratory protection on average had 5.54 (95 % CI 

7.95; 3.13) points lower PCS-12 scores than those reporting consistent use of 

protection. This was not the case for the interaction term ‘Chronic respiratory 

condition * not involved in knockdown’ (p = 0.536), indicating that fire-fighters with 
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a chronic respiratory condition who are not involved in knockdown have similar 

PCS-12 scores as those who are involved but use their respiratory protection devices 

consistently. As expected, age, BMI and having other relevant medical conditions 

were all associated with PCS-12 score (p\0.001). For the MCS-12, neither the b 

coefficients of having a chronic respiratory condition, nor being involved or being 

protected from occupational exposure, nor the interaction terms differed from zero 

(Table 3). Presence of other relevant medical conditions was statistically 

significantly associated with (lower) MCS-12 scores (-4.59, 95 % CI -6.65; -2.53) 

whereas older age and higher BMI were not. Excluding the 13 female fire-fighters 

from the analyses did not significantly change the regression coefficients or their 

confidence intervals (results not shown). 

DISCUSSION  

The main objective of this study was to compare occupational exposures, use of 

respiratory protective devices and their combined association with health-related 

quality of life between metropolitan fire-fighters with and without self-reported 

chronic respiratory conditions. Overall, 10 % of the fire-fighters reported to either 

have been diagnosed with a chronic respiratory condition (asthma, COPD, 

emphysema and chronic bronchitis) or reported persistent symptoms of chronic 

bronchitis. On average, fire-fighters with chronic respiratory conditions were older 

and had more years of employment in the fire service than those with no chronic 

respiratory conditions. Those with chronic respiratory conditions were no different 

with regard to their involvement in regular fire-fighting tasks or attendance to 

common types of fires, nor in their use of respiratory protection during these tasks or 

fires. Fire-fighters with asthma reported to have been sick from being exposed twice 

as often in the past year as those with COPD, emphysema or chronic bronchitis or 

those without respiratory conditions. After correction for other factors that are known 

to reduce health-related quality of life (i.e. older age, overweight and having other 

medical problems), firefighters with chronic respiratory conditions that did not use 

their protective devices consistently to prevent themselves from inhaled occupational 

exposures during fire knockdown showed lower physical SF-12 component summary 

scores than those who did use their respiratory protection consistently. Presence of 

other medical conditions was associated with (poorer) health-related quality of life in 

both the physical and the mental domains. 

Comparison with existing literature  

We have previously reported an association between suboptimal use of respiratory 

protection and risk of accelerated lung function decline from the same fire-fighter 

cohort (Schermer et al. 2010, 2014), but did not analyse the SF-12 data or subgroups 

of fire-fighters with or without chronic respiratory conditions. We identified three 

other studies that have looked at fire-fighters’ health-related quality of life. Two of 

these studies concerned follow-up of firefighters after major disasters, i.e. the 

terrorist attack on the WTC in New York in 2001(Berninger et al. 2010) and an 

airplane crash in Amsterdam in 1992 (Slottje et al. 2007). 

In the latter study, professional fire-fighters with disaster exposure reported a 

significantly poorer physical healthrelated quality of life and vitality compared to 

their nonexposed colleagues, but associations between these health outcomes and 

fire-fighters’ pre-existing (respiratory) conditions were not analysed (Huizink et al. 

2006). The WTC study showed that fire-fighters with chronic cough syndrome had 
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poorer health-related quality of life, which persisted years after their exposure to 

WTC dust (Berninger et al. 2010). However, in this case, the extreme circumstances 

and exposure during the disaster are quite different from the ones that fire-fighters 

will usually be confronted with during their regular duties. A third study, which was 

based on a small cohort (n = 112) of professional fire-fighters in the USA, reported 

associations between health-related quality of life and lifestyle behaviour and 

psychosomatic well-being, but did not investigate associations with respiratory 

conditions or occupational exposure (Carey et al. 2011). 

A previous report based on the data from our fire-fighter cohort showed better 

general health, better lung health and similar mental health compared to general 

population controls (Schermer et al. 2010). In the current analysis, the mean SF12 

physical component score of the fire-fighters with asthma (47.0 points) is very 

similar to the score that has been observed in individuals diagnosed with asthma 

(47.2 points) in the South Australian population (Avery et al. 2004). In contrast, the 

fire-fighters who reported COPD, emphysema or chronic bronchitis had much higher 

PCS-12 scores than individuals from the general South Australian population with 

these conditions (48.1 points versus 36.7 points) (Avery et al. 2004).   

[FIGURE 1] 

Presumably, this difference is due to differences between the respective cohorts in 

terms of age, disease severity and definitions used to identify chronic respiratory 

conditions, but it might also be due to a ‘healthy worker effect’ (i.e. persons with 

chronic respiratory conditions who are still in good health and shape may be more 

likely to work as fire-fighters than those in worse health). 

[TABLE 3] 

Investigators from Switzerland found that professional fire-fighters reported more 

respiratory symptoms at work compared with general population controls (Miedinger 

et al. 2007a) and a prevalence of asthma that was slightly higher than in our cohort (6 

vs 4 %, respectively) (Miedinger et al. 2007b). Interestingly, this Swiss study also 

showed that asthma seemed considerably underdiagnosed in the fire-fighter cohort 

(Miedinger et al. 2007b). Unfortunately, we were not able to verify this in our cohort, 

as we did not perform bronchial challenge tests to identify asthma. 

Strengths and limitations  

A particular strength of our study is the size of the cohort and the detailed 

information from the study questionnaire regarding participants’ occupational 

exposures, respiratory symptoms and medical conditions. 

However, even while our cohort consisted of a substantial number of fire-fighters, 

the number with chronic respiratory conditions was—as could be expected—

relatively small (58 in total). This limits the statistical power and thus possibilities 

for more in-depth analyses of, for instance, differences between the fire-fighters with 

doctor-diagnosed COPD, emphysema or chronic bronchitis and those that were 

considered to have chronic bronchitis based on the respiratory symptom items in the 

questionnaire. 

Our data about involvement in fire-fighter tasks and exposures to potentially harmful 

inhaled substances were limited to fire-fighters’ self-reports only, and the 

questionnaire items related to fire-fighters’ tasks involved in and use of respiratory 
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protection during these tasks have not been validated yet. Clearly, we would have 

preferred to have more comprehensive information regarding length of time spent in 

exposed jobs, number of responses and actual observations of fire-fighters’ use of 

respiratory protection devices at our disposal, but in the current study, it was not 

feasible to collect this kind of data. The same limitation holds for the fire-fighters’ 

self-reported information on respiratory and other medical conditions. For instance, 

access to their medical records would have allowed for more detailed diagnostic 

information about the fire-fighters’ medical conditions. 

Because of its observational, cross-sectional design, no causal inferences can be 

made from the current study. It would require an intervention study in fire-fighters 

with underlying chronic respiratory conditions to establish the effect of improving 

their use of respiratory protection devices on relevant outcomes like health-related 

quality of life and lung function decline. 

In conclusion, we found that 10 percent of metropolitan fire-fighters had underlying 

chronic respiratory conditions (asthma, COPD, emphysema and chronic bronchitis).  

There appears to be an association between the presence of such a condition and 

physical health-related quality of life in fire-fighters who do not seem to optimally 

protect themselves from exposure to inhaled substances that come with the job. This 

finding suggests that fire services should pay specific attention to consistent use of 

respiratory protection devices in employees who have underlying chronic respiratory 

conditions but are nonetheless exposed to inhaled matters when fulfilling their 

professional duties. 

Regular monitoring of fire-fighters with regard to respiratory conditions should also 

be considered, since previous studies have shown that there might be a problem of 

underdiagnosis as well. 
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