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Respiratory Symptoms in Firefighters

Frans E. Greven, MSc,1,2� Jos M. Rooyackers, MD, PhD,2

Huib A.M. Kerstjens, MD, PhD,3 and Dick J. Heederik, PhD
2,4

Background The aim of the present study was to determine the prevalence and risk
factors associated with respiratory symptoms in common firefighters in the Netherlands.
Methods A total of 1,330 firefighters from the municipal fire brigades of three provinces
of the Netherlands were included in the study. All subjects were administered a Dutch
web-based version of the European Community Respiratory Health Survey questionnaire.
Results General respiratory symptoms were associated with the number of fires fought in
the last 12monthswith odds ratios between 1.2 (95%CI 1.0–1.4) and 1.4 (95%CI 1.2–1.7)
per 25 fires. A strong association was found between an inhalation incident and present
respiratory symptoms with odds ratios between 1.7 (95%CI 1.1–2.7) and 3.0 (95%CI 1.9–
4.7). Adjustments for smoking, sex, atopy, and age did not change any of the associations.
After stratification, atopics showed elevated odds ratios.
Conclusions It is recommended that firefighters are aware of these elevated healthcare
risks associated with exposure to fire smoke and that they increase as much as possible the
use of self-contained breathing apparatus. Am. J. Ind. Med. 54:350–355, 2011.
� 2011 Wiley-Liss, Inc.
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INTRODUCTION

Fire fighting is a strenuous activity during which person-

nel is exposed to risks such as smoke inhalation. Firefighters

should carry self-contained breathing apparatus (SCBA) to

prevent smoke inhalation. Nevertheless, exposure to toxic

hazards is a concern because these devices are often not or not

continuously used during firefighting, especially owing to the

visual impression of low smoke concentration [Brandt-Rauf

et al., 1988; Burgess et al., 2001]. Smoke contains substances

injurious to airways such as acid gases, aldehydes, and

respirable particulate matter [Brandt-Rauf et al., 1988;

Hartzell 1996]. Earlier studies have indicated that exposure

of firefighters to smoke may result in acute lung function

impairment [Musk et al., 1979; Brandt-Rauf et al., 1989;

Large et al., 1990], acute increase of airway responsiveness

[Chia et al., 1990], and acute increase of respiratory symp-

toms [Betchley et al., 1997]. Furthermore, studies have

suggested that firefighters are at risk of chronic respiratory

symptoms and lung function impairment [Mustajbegovic

et al., 2001; Miedinger et al., 2007; Ribeiro et al., 2009].

Information about possible respiratory effects of

exposure during firefighting has been collected in different

countries over several decades. The use of self-contained

breathing apparatus has increased over the years and many

studies have focused specifically on high risk subcategories

such as forest firefighters [Betchley et al., 1997; Slaughter

et al., 2004; Swiston et al., 2008], or firefighters in the 9/11

disaster [Prezant et al., 2002; Banauch et al., 2006].

Only few studies with sufficient power have been con-

ducted among common firefighters, and little is known about

potential respiratory health risks with modern breathing

apparatus. In this study we investigated the respiratory health
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in common firefighters in the Netherlands in relation to

exposure to combustion products of fires.

MATERIALS AND METHODS

Population and Design

In the present cross-sectional survey, all active fire-

fighters of the municipal fire brigades of three provinces

in the Netherlands (Groningen, Friesland, and Drenthe)

were invited to fill in a web-based questionnaire. The

management of the fire brigades was approached to give

information on fires and hazmat incidents in their

communities.

The institutional review board for human studies of

the University Medical Centre Utrecht (Utrecht, the

Netherlands) approved the protocol and informed consent

was obtained from all participants.

Questionnaires

The questionnaire was a web-based version of the

European Community Respiratory Health Survey question-

naire translated into Dutch [Kerkhof et al., 1996]. Questions

were added to identify the type and number of incidents, the

type, the onset, and the duration of symptoms and to deter-

mine possible exposure during an incident. General respir-

atory symptoms during the last 12 months, work-related

respiratory symptoms and symptoms indicative of the pres-

ence of atopy and bronchial hyper-responsiveness (BHR)

were the health outcomes of interest. Atopy, asthma, and

BHR were defined on the basis of questionnaire items involv-

ing treatment of allergies (asthma, hay fever, eczema, and

other allergies) (‘‘Have you ever had asthma’’), and BHR-

like symptoms (respiratory symptoms in humid air, during

acute temperature changes, and when exposed to second

hand cigarette smoke, etc.). Exposure was defined on the

basis of questionnaire items involving working years, inha-

lation incidents (‘‘Have you ever inhaled a large amount

of smoke’’) and the number of fires fought during the last

12 months.

Comparison With ELON

Prevalence of common respiratory symptoms was

compared with information from a random sample

(2,711 people) of the Dutch population. These symptoms

originated from the execution of the Dutch version of the

European Community Respiratory Health Survey [European

Respiratory Health Study the Netherlands: ELON] [Rijcken

et al., 1996].

Statistical Analyses

The association between firefighter characteristics and

reported health symptoms was calculated using a multiple

logistic analysis, which also allowed for adjustment for

potential confounders. Associations were adjusted for smok-

ing, sex, atopy, and age. Effect modification was examined by

analyzing atopic and non-atopic individuals separately and

never smoking, formerly smoking, and currently smoking

individuals separately. The level of statistical significance

was set at P < 0.05.

RESULTS

General Information

In this study all municipal fire brigades (n ¼ 54) in the

three northern provinces of the Netherlands were invited.

Fire brigades ranged from 1 up to 10 fire stations (n ¼ 142)

in a municipal fire brigade. Of all fire brigades contacted

through surface mail and telephone, 98% responded; the

average worker participation rate per fire brigade was

49%. The management of all fire brigades consisted of

professional career firefighters, whereas most of the active

firefighters were volunteers (83.9%). Of 197 professional

firefighters (18.8%) 84 also worked as volunteers (6.9%).

In the Netherlands, firefighters, professionals, and

volunteer, complete the same education, are equally trained,

train the same minimal amount of hours monthly and have

equal access to SCBA. Furthermore, they undergo mandatory

pre-employment as well as periodical (frequency depending

on age) medical examinations, but no clear-cut exclusion

criteria are being used.

Total number of fires in 2008 in the area was 4,301 (no

data available from four fire stations within one fire brigade)

and ranged from 5 in a small rural community to 485 in

Groningen (185,000 inhabitants). Firefighter characteristics

are outlined in Table I. From the 2,814 firefighters, 1,330

(47.3%) responded, of which the completed questionnaires

(n ¼ 1,249) were used for analyses. Most of the firefighters

were male (90.3%). Firefighters had a mean age of 39.8 years.

Questionnaire Study

The frequency of symptoms occurring during or

immediately following fire fighting in the last 12 months

was 31.2% and ranged from 0.7% (nosebleeds) to 28.8%

(coughing) (Table II). Eighteen employees (1.8%) visited a

doctor with complaints related to exposure to fire smoke. No

differences were found in gender and in smoking behavior

among volunteer and other firefighters. Employment as a

firefighter was shorter among subject who worked as volun-

teers (10.3 � 8.0 years) than professional firefighters
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(13.5 � 10.3 years; P ¼ 0.01) or those who combined

functions (13.1 � 10.0 years; P ¼ 0.03).

The prevalence of respiratory symptoms ranged

from 0.5% (asthma attack during last 12 months) to

19.2% (BHR-like symptoms). The prevalence of general

respiratory symptoms and atopy are shown in Table III.

In an exploratory logistic regression analysis between

possible determinants and respiratory symptoms we found

associations between the number of fires fought in the last

12 months and some respiratory symptoms with odds ratios

between 1.2 (95% CI 1.0–1.4) and 1.4 (95% CI 1.2–1.7) per

25 fires (Table IV). The average number of fires fought was

12.2 and the maximum was 302. One hundred fifty-two

firefighters (12.5%) fought 25 fires or more last year.

Exclusion of three subjects fighting more than 200 fires in

the last 12 months did not change the associations.

Adjustments for smoking, sex, allergy treatment, and age

did not change associations. A strong association was found

between any inhalation incident and present respiratory

symptoms with odds ratios between 1.7 (95% CI 1.1–2.7)

and 3.0 (95% CI 1.9–4.7). Adjustments for smoking, sex,

atopy, and age did not change any of the associations. Being

volunteer or professional firefighters was not a determinant of

respiratory symptoms.

When we stratified the population into atopic and non-

atopic individuals based on the item ‘‘Have you ever been

treated for an allergic disease’’ in the questionnaire we found,

that odds ratios were slightly elevated for all respiratory

symptoms for atopic individuals. The association between

the determinant ‘‘number of fires fought during the last

12 months’’ and respiratory symptoms was not significant

for non-atopic individuals.

Stratified analyses for smoking behavior did not give any

evidence of effect modification for respiratory symptoms.

Comparison with ELON showed a statistically signifi-

cantly lower prevalence of several respiratory symptoms in

firefighters compared with the Dutch general population

(Table V). ORs ranged from 0.5 (95% CI 0.3–0.7) for woken

up by shortness of breath to 0.3 (95% CI 0.2–0.4) for wheeze.

There was a statistically significant elevated prevalence of

firefighters who had ever had asthma compared to the ELON

population an OR of 1.5 (95% CI 1.1–2.0).

DISCUSSION

We found a positive association between an increased

prevalence of general respiratory symptoms and exposure in

TABLE I. Descriptive Characteristics of the Firefighters (n ¼ 1,249)

Total Male Female

Sex 1,249 (100) 1,128(90.3) 120 (9.6)
Currentsmoker (no., %) 377 (30.2) 340 (30.1) 37 (30.8)
Ex-smoker (no., %) 332 (26.6) 302 (26.8) 30(25.0)
Age,years (mean,SD, range) 39.8 � 8.5 (19^60) 40.1 � 8.5 (20^60) 37.2 � 7.4 (19^52)
Workingas firefighter,years (mean,SD, range) 10.8 � 8.5 (0^39) 11.4 � 8.6 (0^39) 5.4 � 4.8 (0^18)

TABLE II. Frequency ofAcute SymptomsFollowing a Fire in the Past12Months

Acute symptoms Seldom (1^5�) no. (%) Frequently (6^10�) no. (%) Very frequently (>10�) no. (%) Total no. (%)

Wheezing 30(3.0) 2 (0.2) 1 (0.1) 33(3.3)
Coughing 271 (27.4) 12 (1.2) 2 (0.2) 285 (28.8)
Shortnessofbreath 74 (7.5) 4 (0.4) 2 (0.2) 80(8.1)
Irritationof the lungs 77(7.8) 2 (0.2) 2 (0.2) 81 (8.2)
Itchyeyes 151 (15.3) 5 (0.5) 0 156(15.8)
Itchynose 109(11.0) 10 (1.0) 1 (0.1) 120(12.2)
Sore throat 98(9.9) 5 (0.5) 0 103(10.4)
Headache 126(12.8) 10 (1.0) 1 (0.1) 137 (13.9)
Nosebleeds 4 (0.4) 3 (0.3) 0 7 (0.7)
Dizziness 33(3.3) 2 (0.2) 0 35(3.5)
Nausea 13 (1.3) 1 (0.1) 0 14 (1.4)
Chestpain 18 (1.8) 1 (0.1) 0 19 (1.9)
Feelingofweakness 25(2.5) 1 (0.1) 0 26(2.6)
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firefighters. Furthermore, a positive association was found

between general respiratory symptoms and the number of

fires fought in the last 12 months. Firefighters showed a

higher prevalence of asthma than a Dutch general population

sample. On the other hand, firefighters showed a lower

prevalence of several respiratory symptoms than this popu-

lation sample. It was found that the effect of exposure to fire

smoke was higher in atopics.

The crude associations were adjusted for gender, age,

smoking, and atopy, which had no major effect.

In this study, the exposure was estimated using a ques-

tionnaire. The questionnaire items working years, inhalation

incidents, and number of fires fought in the last 12 months

were used as proxies for exposure. Other studies have shown

an association between exposure and reduction in pulmonary

function [Musk et al., 1979; Douglas et al., 1985;

Mustajbegovic et al., 2001]. However, since most of these

associations were found in a time when SCBA was not yet

commonly used, the more remarkable it is that respiratory

symptoms are associated with the number of fires fought in

the last 12 months in a time when SCBA’s are widely used.

Others have suggested that, although the availability and

effectiveness of protective devices such as SCBA’s has

increased, SCBA is insufficiently used by firefighters due

to its weight and inconvenience, especially when smoke is

not visible and during phases of overhaul or work in the

second line (drivers, pump manipulators), when important

exposure to combustion products may persist [Burgess et al.,

2001; Miedinger et al., 2007]. Our results that respiratory

symptoms are associated with the number of fires fought,

suggests that the use of SCBA’s should still be increased.

Additionally, the development of a lighter SCBA would

facilitate the use of it, and should therefore be encouraged.

In our study, respiratory symptoms were strongly associated

with an inhalation incident with a large amount of smoke

considerable smoke during which a large amount of smoke

may have been inhaled. These associations are consistent

with studies among residents, firefighters, and other workers

involved in the WTC disaster [Banauch et al., 2003;

Herbstman et al., 2005; Reibman et al., 2005]. Working years

was not associated with symptoms which is also consistent

with earlier studies [Sparrow et al., 1982; Sherman et al.,

1989]. By contrast, Mustajbegovic et al. [2001] demonstrated

a positive relationship of respiratory symptoms with working

years. Austin et al. [2001] suggested that reliance on years of

employment as a surrogate for exposure might lead to mis-

classification of exposure and therefore underestimation of

the risk of disease. The observation that working years is a

TABLE III. General Respiratory Symptoms

General respiratorysymptoms Number (%)

Wheezeduring last12months 95 (7.7)
Yes,with shortnessofbreath 59 (4.8)

Wokenupbyshortnessofbreathduring last12months 31 (2.5)
Coughatwakeupduringwinter 64 (5.2)
Coughatday/night timeduringwinter 85 (6.9)
Phlegmatwakeupduringwinter 56 (4.5)
Phlegmatday/night timeduringwinter 41 (3.3)
Dyspneawhenwalkingon a flat surfacewithpeople of thesameage 14 (1.1)
Haveyoueverhadasthma? 93 (7.5)
Was itdoctordiagnosed 89 (7.2)
Asthmaattackduring last12months 6 (0.5)
Asthmamedicationatmoment 30 (2.4)
Bronchial hyperresponsiveness-likesymptoms 235 (19.2)
Allergy treatment 245 (19.8)

TABLE IV. Association Between General Respiratory Symptoms and Exposure

General respiratorysymptoms

Exposure estimates

Number of fires,
crude odds ratio

(95%CI)

Number of fires,
adjustedodds ratio

(95%CI)

Inhalation incident,
crudeodds ratio

(95%CI)

Inhalation incident,
adjustedodds ratio

(95%CI)

Wheezeduring last12months 1.2 (<1.0^1.4) 1.1 (0.9^1.3)a 2.3 (1.5^3.5) 2.3 (1.5^3.6)a

Wokenupbyshortnessofbreathduring last12months 1.0 (0.7^1.5) 1.0 (0.6^1.5)a 1.2 (0.6^2.6) 1.2 (0.5^2.5)a

Coughatwakeupduringwinter 1.1 (0.9^1.4) 1.1 (0.9^1.4)a 2.3 (1.4^3.8) 2.3 (1.4^3.9)a

Coughatday/night timeduringwinter 1.3 (1.1̂ 1.5) 1.3 (1.1̂ 1.5)a 3.0 (1.9^4.7) 3.0 (1.9^4.7)a

Phlegmatwakeupduringwinter 1.4 (1.2^1.7) 1.4 (1.1̂ 1.7)a 2.8 (1.6^4.8) 2.8 (1.6^4.8)a

Phlegmatday/night timeduringwinter 1.4 (1.1̂ 1.6) 1.3 (1.1̂ 1.6)a 1.8 (<1.0^3.4) 1.8 (<1.0^3.4)a

Haveyoueverhadasthma? 1.3 (1.1̂ 1.5) 1.2 (1.0^1.5)a 1.7 (1.1̂ 2.7) 1.8 (1.1̂ 2.8)a

Bronchial hyperresponsiveness-likesymptoms 1.1 (<1.0^1.3) 1.1 (<1.0^1.3)a 2.4 (1.8^3.2) 2.5 (1.8^3.4)a

Allergy treatment 1.2 (1.0^1.4) 1.2 (1.0^1.4)b 1.1 (0.8^1.5) 1.1 (0.8^1.5)b

aOdds ratio adjusted for age, gender, smoking, and atopy.
bOdds ratio adjusted for age, gender, and smoking.
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poor proxy for exposure is supported by our finding that the

median number of fires fought in the last working year was 6

with a minimum of 0 fires (13.9%) and a maximum of more

than 100 (0.8%).

It is of interest that the risk of respiratory symptoms in

atopics was elevated compared to non-atopics. This is a

strong indication for effect modification by atopy that should

be further investigated in a study with objective measures.

Brooks et al. [1998] suggested before that atopy may be a

risk factor for (not-so-sudden onset) irritant-induced asthma.

In a recently performed study it was found that the prevalence

of atopy based upon skin prick test was higher among urban

firefighters compared with a Swiss population sample

[Miedinger et al., 2007]. Associations of atopy based on

IgE with exposure of non-allergenic compounds have been

found in earlier studies [Preller et al., 1996]. A possible

mechanism underlying these associations could be a disrup-

tion of the lung epithelial barrier facilitating the penetration

of allergens in the lung [Bernard et al., 2003]. As the preva-

lence of allergic rhinitis has risen in the world over the last

decades [Bousquet et al., 2008], it is of importance to evalu-

ate the role of atopy in the prevalence of respiratory symp-

toms in firefighters.

The presence of general respiratory symptoms in fire-

fighters might partly be explained by temporary acute respir-

atory symptoms following exposure to fire smoke. However,

we cannot rule out that some exposed firefighters might suffer

from RADS (reactive airways dysfunction syndrome) or IIA

(irritant-induced asthma). The current study showed a lower

prevalence of several respiratory symptoms in firefighters

compared to a Dutch general population sample. In the

Netherlands firefighters undergo mandatory pre-employment

as well as periodical (frequency depending on age) medical

examinations, including lung function testing, but no clear-

cut exclusion criteria are being used. Depending on their age,

they will be re-examined as frequently as every 2 or 4 years.

This selection mechanism combined with the healthy worker

effect might explain the differences in respiratory symptom

prevalence between the two populations. However, the obser-

vation of a higher prevalence of asthma among firefighters is

remarkable and cannot be explained this way. In this light, it

should be emphasized that the finding that exposure is associ-

ated with respiratory symptoms was demonstrated in a rela-

tively healthy population. The higher prevalence of asthma in

this study therefore is unexpected. We do not at current have

an explanation. Information bias is an unlikely explanation,

because in a subset of 402 firefighters, asthma and wheezing

in the last 12 months were associated with BHR (OR [95%

CI], 5.5 [2.6–11.6], respectively, OR [95% CI], 2.7 [1.3–

5.6]). The apparent increase in asthma occurrence seems real

and we can thus not rule out an increased risk for developing

irritant-induced asthma in firefighters.

Since only 49% of the firefighters completed the ques-

tionnaire, selection bias might have occurred. However,

reported symptom prevalence in fire brigades with a high

response (>60%) were comparable with fire brigades with a

lower response (<40%). Responder bias would probably be a

more important limiting factor. A good contact with the study

population was difficult, because they could only to be

approached with an invitation letter with general encourage-

ment by the management.

As in other questionnaire studies, recall bias may have

occurred. Possibly low-level smoke concentration is not

judged as a health risk. For instance, firefighters who have

experienced a substantial inhalation incident will probably

not refer to minor incidents. During the most recent fire

55.4% of the firefighters was exposed to visible smoke

and/or noticed inhalation of smoke. Furthermore, an inhala-

tion incident was associated with the number of fires (OR

[95% CI], 1.2 [1.0–1.4] per 25 fires), which argues against a

major influence of recall bias.

In conclusion, we have found clear associations between

number of fires and inhalation incidents with respiratory

symptoms at present. Despite a potential healthy worker

effect and the possible influence of pre-employment medical

examinations, exposed individuals reported respiratory

symptoms more often. It is recommended that firefighters

are aware of these elevated healthcare risks associated with

exposure to fire smoke and that they increase as much as

possible the use of SCBA.
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General respiratorysymptoms
Adjustedodds ratio

(95%CI)

Wheezeduring last12months 0.3 (0.2^0.4)
Wokenupbyshortnessofbreathduring last12months 0.5 (0.3^0.7)
Coughatwakeupduringwinter 0.4 (0.3^0.6)
Coughatday/night timeduringwinter 0.4 (0.3^0.5)
Phlegmatwakeupduringwinter 0.4 (0.3^0.6)
Phlegmatday/night timeduringwinter 0.3 (0.2^0.5)
Haveyoueverhadasthma? 1.5 (1.1̂ 2.0)
Dyspneawhenwalkingona flat surface 0.3 (0.3^0.5)
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