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Abstract

Background: Despite the known occupational hazards, it is not yet clear whether long-term career firefighting
leads to a greater rate of decline in lung function than would normally be expected, and how this rate of
change is affected by firefighting exposures and other risk/protective factors.

Methods: A systematic search of online electronic databases was conducted to identify longitudinal studies
reporting on the rate of change in the forced expiratory volume in one second (FEV,) of forced vital capacity
(FVO). Included studies were critically appraised to determine their risk of bias using the Research Triangle
Institute Item Bank (RTI-IB) on Risk of Bias and Precision of Observational Studies.

Results: Twenty-two studies were identified for inclusion, from four different countries, published between
1974 and 2016. Examined separately, studies were categorised by the type of firefighting exposure. Firefighters
experienced variable rates of decline in lung function, which were particularly influenced by cigarette smoking. The
influence of routine firefighting exposures is unclear and limited by the methods of measurement, while firefighters
exposed to ‘non-routine’ severe exposures unanimously experienced accelerated declines.

Conclusions: The data provided by longitudinal studies provide an unclear picture of how the rate of change in lung
function of firefighters relates to routine exposures and how it compares to the rate of change expected in

a working-age population. Non-smoking firefighters who routinely wear respiratory protection are more likely
than otherwise to have a normal rate of decline in lung function. Exposure to catastrophic events significantly
increases the rate of decline in firefighter lung function but there is limited evidence detailing the effect of
routine firefighting. Future studies will benefit from more robust methods of measuring exposure.

Trial registration: International Prospective Register of Systematic Reviews (PROSPERO), registration number

(CRD42017058499).
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Background

The risks to firefighters’ respiratory health are well
known. Reductions in lung function, increases in airway
hyper-responsiveness, and the onset of other symptoms
of respiratory illness have been reported in firefighters
following exposures during firefighting duties [1-6].
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Other reports indicate that firefighters have better lung
function than the general population in both FEV; and
FVC: likely due to a strong healthy worker effect [7-10].
This makes the routine comparison of these values to a
reference standard following a single pulmonary func-
tion test more challenging, and may serve to misclassify
some firefighters’ lung function. For example, a fire-
fighter with an FEV; of 5.0 | (and 130% of predicted)
could lose more than 1 litre before being below 100% of
predicted normal, and more than two litres before being
below the lower limit of normal (LLN) [11]. Serial mea-
surements and subsequent analyses of the rate of change
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in lung function may represent the most useful way of
monitoring firefighter respiratory health.

The long-term rate of change in FEV; in healthy,
non-smoking adults of working age was initially reported
by Fletcher and Peto as — 36 mL/yr [12]. Further studies
have reported rates of change ranging from around - 20
to — 38 mL per year [13-21], and as much as 56 mL per
year [22]. Despite the known occupational hazards, it is
not yet clear whether long-term routine firefighting leads
to a greater rate of decline in lung function than would
normally be expected. This review aims to answer the
following questions: 1) What is the rate of change of
lung function in professional urban firefighters? 2) How
is this rate of change influenced by level of exposure to
routine firefighting and non-routine firefighting (ie.
catastrophic events) and protective or deleterious fac-
tors? 3) How is the rate of change in lung function mea-
sured/calculated and reported in studies of professional
firefighters?

Methods

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) Statement guide-
lines [23], and the protocol was registered on the
International Prospective Register of Systematic Reviews
(PROSPERO) (registration number CRD42017058499).

Selection of studies

Studies selected for review had to satisfy three condi-
tions: 1) FEV; and/or FVC had to be measured in the
same individuals on more than one occasion (if not
using regression techniques), with a minimum observa-
tion period of 12 months; 2) The rate of change in either
FEV; or FVC had to be available directly or calculable
from the presented data; and 3) Participants had to be
adult (> 18 years of age) full-time professional urban
firefighters; excluding part-time, volunteer and country/
wildland firefighters. There was no restriction placed on
publication date or language.

Search strategy

Relevant publications were initially sought with a sys-
tematic search conducted on March 8 2017, using the
online electronic databases CINAHL, Embase, Medline,
Medline (Epub ahead of print), Scopus and Web of Sci-
ence. Under the advice of an academic librarian, the fol-
lowing keyword string was used to find candidate
papers: ((“fire fighter*” or firefighter* or firem#n or “fire
m#n”) or (fire [within three words] personnel)) AND
((“lung* function” or “pulmonary function” or respira-
tory) or (FEV* or “forced expiratory volume*” or FVC*
or “vital capacit*” or spirometr*)). When available, the
following subject headings were also combined with the
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keyword search (Firefighters/) AND (Lung/ or spir-
ometry/ or vital capacity or forced vital capacity or
forced expiratory volume or respiratory airflow). Two
authors independently conducted all searches, collated
all returned titles and abstracts and removed dupli-
cate items.

Title and abstract screening

All titles and abstracts were independently screened to
assess each item’s suitability for full-text review. When
the title or abstract provided insufficient information to
make a decision, the full-text paper was retrieved. The
authors then independently reviewed all selected
full-text papers and selected eligible papers for inclusion.
Reference lists and citations (Google Scholar search
March 29 2017) of eligible papers were then screened
and the full-texts of relevant papers were examined: eli-
gible papers were then included for review. Discrepan-
cies were resolved at each stage of the selection process
by discussion between the two authors, with a third au-
thor available for adjudication in case of disagreement.

Data extraction

Data from each included paper were independently en-
tered into a database by two authors. Extracted informa-
tion included, but was not limited to, the characteristics
of the cohort(s) studied, study methodology and results.
When the data were only reported graphically, they were
extracted using an online tool [24]. When the rate of
change in FEV; and/or FVC was not reported and un-
available from the authors, it was calculated (and
rounded to the nearest whole millilitre) as the difference
between baseline and follow-up value divided by the
time interval (or when more than two data points were
available: calculated by using simple linear regression).
When available, the respective rates of change were re-
ported stratified by smoking status as well as for the en-
tire cohort. When stratified data were not available, and
the average rate of change for the entire cohort was re-
ported alone, as well as the cohort’s smoking rate.

Quality assessment

Included studies were critically appraised to determine
their risk of bias using the Research Triangle Institute
Item Bank (RTI-IB) on Risk of Bias and Precision of Ob-
servational Studies [25], which provides a means to as-
sess the quality of studies related to exposure outcomes.
The RTI-IB is one of the only quality appraisal scoring
tools available for observational studies, providing a
comprehensive list of 29 questions covering a range of
categories of bias [26]. The authors recommend the tool
be modified based on its appropriateness to the litera-
ture. For this reason, questions 8, 12, 26 and 27 of the
tool were omitted, due to their inapplicability to the
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topic, while a “cannot determine” response was added to
question 13. The critical appraisal was carried out inde-
pendently by two authors, with discrepancies being re-
solved by discussion. Each study was given a score based
on the number of applicable RTI-IB items met and sub-
sequently graded, based on previous publications [27—
29] as low (0-.40), moderate (.41-.70), or high (.71-1)
methodological quality/risk of bias.

Data analysis

A descriptive analysis was conducted due to the large
heterogeneity of the included studies in terms of their
population characteristics, type of assessment of expos-
ure, and reporting of outcome measures.

Results

The searches yielded a total of 788 unique articles, includ-
ing eight that were identified through reference checking
(Fig. 1). Following the screening and review process, a
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total of 22 papers met the eligibility criteria and were in-
cluded for review.

Characteristics of included studies

Descriptive information about the included studies is
summarised in Table 1 and includes study location and
dates, the baseline characteristics of the study population
and the methods of conducting spirometry and measur-
ing exposure.

Within the 22 studies, all published between 1974 and
2016, there were 11 distinct firefighter populations: one
from each of Australia [8] and South Korea [30], two from
England [31, 32] and the remaining seven from the USA.
These seven populations consisted of firefighters from
Baltimore [33], Boston in both the 1960/1970s [34—37]
and 1990s [38], Houston [39] and Phoenix [40—43], as
well as New York firefighters exposed [44-48] or
not-exposed to 9/11 [9]. The average age of active fire-
fighters at study commencement ranged from 26.1 to
43.6 years, while recently-retired firefighters of one study
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Fig. 1 PRISMA flow diagram of included and excluded studies
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[36] had an average age of 54.5 years. Seven studies in-
volved both sexes (the highest proportion of female fire-
fighters was 4%) and the remaining included males only.
Eleven studies reported the proportions of different racial
groups, with the majority of firefighters in each study
(76.4 to 100%) being Caucasian/white and the rest being
reported as African-American/black (0 to 6%), Hispanic (0
to 19.5%) or unspecified (0 to 14.4%). Two studies re-
ported race without specifying proportions and nine did
not report any racial information. Average follow-up time
ranged from one to 12.2 years and each study measured
lung function at least once, with the highest average num-
ber of measures reported being 10.3. Ten studies per-
formed standardised spirometry based on published
criteria, nine performed standardised spirometry (usually
best or average of three trials) but not according to pub-
lished standards and three did not report information on
spirometry standardisation. The most common method of
estimating firefighting exposure was self-report ques-
tionnaire (n=15), and three of these studies com-
bined this with an estimate of exposure based on fire
department records (one of which did not use these
data during analysis). One study obtained information
by interview using a structured questionnaire and the
remaining six either did not measure exposure, or did
not report any measurement.

The rate of change in FEV; and FVC

Routine firefighting

Sixteen studies reported on firefighter populations in-
volved in routine firefighting (Table 2). Among nine
studies reporting FEV; change without stratifying by
smoking status (smokers and non-smokers pooled to-
gether), six observed declines of between —24.99 and -
39.6 mL/yr. [33, 35, 40-43] while the remaining three
showed declines of —68.2 to — 110 mL/yr. [30, 31, 37].
Within these nine studies, four included smoking status
in their regression modelling: two studies observed sig-
nificantly greater declines in both ever-smokers relative
to never-smokers (additional 4.7 mL/yr. decline, p =
0.042) [42] and current smokers relative to non-smokers
(Actual difference and p value not reported) [31], while
the two others reported no significant effect [40, 41].
One study reported different rates of decline when
stratified by occupational exposure, but observed no sig-
nificant differences in smoking habits between the
groups [37] while the remaining four studies did not re-
port on the longitudinal effect of smoking on lung func-
tion [30, 33, 35, 43]. Five studies reported on the rate of
change in FVC without stratifying by smoking status,
observing declines of - 16.55 (66.75) [33], -40 [35], -76.7
[37], -103 [30] and - 107 [31] mL/yr. (SD (where avail-
able)). Among these studies, one reported significantly
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greater declines in current smokers relative to
non-smokers (p value not reported) [31].

Six studies reported changes in lung function in fire-
fighters involved in routine firefighting stratified by
smoking status. Two studies observed significantly less
negative rates of change in FEV; in never smokers than
other smoking groups [36, 38] and four studies found no
significant differences [8—10, 32]. One study reported an
FVC decline in never smokers of — 10 mL/yr. [36], sig-
nificantly less negative than current smokers, while four
others reported rates of change in FVC of - 19 [9], -27
(52) [34], -66, [32] -76.8 (10.7) [10], and + 11.2 (140.3)
[8] mL/yr. (SD), with no significant differences com-
pared to other smoking groups.

Six studies compared lung function changes in fire-
fighters involved in routine firefighting to non-firefighter
controls [8-10, 30, 32, 43]. One study showed a signifi-
cantly greater rate of FEV; decline in firefighters vs. in-
dustrial workers [30], one showed a significantly greater
rate of decline in general population controls vs. fire-
fighters [32], and four did not report any significant dif-
ferences in changes in FEV; compared to general
population controls [8, 10], emergency medical workers
[9] or paper-pulp mill and construction workers [43].
Five studies compared changes in the FVC of firefighters
vs non-firefighters with two showing significantly greater
FVC declines in firefighters [10, 30], one showing signifi-
cantly greater FVC declines in non-firefighters [32], and
two showing no significant differences [8, 9].

Non-routine firefighting

Six studies reported changes in lung function of
firefighters exposed to non-routine firefighting [39, 44—
48]. Firefighters involved in one study were exposed to
smoke during a chemical warehouse fire [39], and
experienced declines in FEV; and FVC of - 81.3 and -
41.33 mL/yr., respectively, in the time between measure-
ments after exposure and 18 months later. The
remaining five studies reported on the changes in FEV;
observed in a cohort of New York firefighters following
World Trade Centre site exposure after the terrorist at-
tacks of September 11, 2001 (9/11). The pre-9/11 rate of
change in FEV; in firefighters and Emergency Medical
Service (EMS) workers was reported as — 31 mL/yr. [44],
while each group lost an average of 383 [95% CI, 374—
393] mL and 319 [299-340] mL, respectively, in the first
year following the disaster. In the 7 years after the initial
reduction, the rate of change in FEV; (adjusted for age,
height, race and sex) of never-smoking firefighters was
- 26 [95% CI, 20—31] mL/yr.: less than that of former or
current smokers and significantly different from the — 40
[38—42] mL/yr. observed in never-smoking EMS workers
[45]. A similar rate FEV; decline of —26.4 mL/yr. was
observed in a follow-up study of the never-smoking
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firefighters after 13 years [46]. Compared to continuing
smokers, the rate of change in FEV; of former smokers
who quit before or after 9/11 was significantly less nega-
tivee. Two small subgroups of 9/11-responding fire-
fighters were also studied, observing post-9/11 FEV;
declines of -36.7 mL/yr. (adjusted for age, bronchial
hyper-reactivity, height, race, steroid use and the initial
loss of lung function related to 9/11 exposure) [47] and
37 mL/yr. (adjusted for age, height, interaction of smok-
ing with AAT deficiency, length of FDNY tenure, race,
sex, smoking, work assignment on 9/11 and WTC ex-
posure intensity) [48].

In summary, most studies of non-smoking firefighters
exposed to routine firefighting showed negative rates of
change in FEV; and FVC that were analogous to the
rates observed in longitudinal studies of healthy
non-smokers in the general population [12-22]. Those
that showed greater rates of decline than would nor-
mally be expected were either less than [32] or not sig-
nificantly different to [10] general population controls in
direct comparisons, or were particularly limited by a lack
of information on smoking status [30, 31, 37]. Fire-
fighters exposed to non-routine events experienced sig-
nificant reductions in lung function in the initial year
after exposure, with long-term rates of change represent-
ing normal decline without recovery.

Influence of firefighting and protective or deleterious
factors

Influence of firefighting exposure level

In their 1974 report of Boston firefighters, Peters and
colleagues showed significant inverse relationships be-
tween self-reported fire exposure over a 12-month
period and changes in FEV; and FVC [37]. However, no
significant relationship was observed in three [35] and
six-year [34] follow-up studies on the same population,
using self-reported exposure and estimates derived from
fire department records. A significantly greater FEV; de-
cline was observed in active vs inactive firefighters in
one study [33] but is contrasted by two others which
showed trends of higher rates of decline in inactive vs
active firefighters [34, 35], while a further study showed
no difference [30]. No studies identified a relationship
between service time and rate of change in FEV; or FVC
[10, 30, 31, 33, 35, 36]. One study reported significantly
greater rates of FEV; decline in firefighters who reported
previous exposure to ammonia, however past chlorine
exposure had no apparent effect [33].

Firefighters responding to the 9/11 disaster experi-
enced dramatic declines in FEV in the first year follow-
ing exposure [44—48]. Measured by self-reported arrival
time, a significant dose-response relationship was ob-
served between exposure intensity and loss of FEV; [44].
Firefighters that reported the greatest dust exposure
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(those arriving earliest) also experienced the greatest rate
of FEV; decline in the subsequent 7 and 13-year
follow-ups [45, 46].

The included studies show a dose-response relation-
ship between changes in lung function and exposure
level in non-routine severe firefighting events, but re-
sults were inconsistent regarding the presence of such
an effect of exposure level in routine firefighting.

Influence of respiratory protection

Four studies investigated the effect of respiratory protec-
tion on changes in FEV;. In one study, firefighters who
reported ‘never or rarely’ using their respiratory protec-
tion during fire knockdown had higher odds of ‘acceler-
ated’ FEV; decline (greater than 50 mL/yr) compared
with those who used it ‘often or frequently’ (Odds Ratio
=220, 95% Confidence Interval =1.02-4.74, p =.044)
[8]. Another study observed a greater FEV; decline in
firefighters who reported ‘never’ vs ‘ever’ using a mask
while extinguishing fires (- 68.44 vs - 30.90 mL/yr), but
the association was only significant in those with
non-repeatable spirometry [33]. There was no significant
difference in changes of FEV; based on mask-use during
fire overhaul (clean-up). A further study showed no rela-
tionship between the rate of change in FEV; and the
stated tendency of firefighters to wear protective respira-
tory apparatus [34] while there was also no identifiable
protective effect of using any type of protective mask
during the response to the 9/11 disaster [44].

Influence of other factors

In the five studies that included covariates in their
models to estimate changes in lung function, four in-
cluded race, sex and smoking status as well as baseline
age and height [44—46, 48], while one included only race
as well as baseline age and height: due to the absence of
females and separate analyses with smokers [9]. Three of
these studies included weight at baseline [9, 45, 46] with
one also including weight change in a separate model
[9]. These five variables as well as a further 20 were in-
cluded in subsequent modelling to investigate factors
that affect the rate of change in lung function (all vari-
ables listed in Table 2). Overall, noteworthy predictors
included weight gain, which was associated with a sig-
nificantly greater decline in FEV; in two studies [9, 46]
and close to being significant in another [41], while four
studies observed significantly increased or decreased
rates of FEV; decline based on different variations in
gene expressions [40-42, 48]. One study associated the
development of bronchial hyper-reactivity with a signifi-
cant increase in FEV; decline in 9/11-exposed fire-
fighters, while the use of steroids was associated with a
less negative rate of change in FEV, [47].
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Calculation/measurement and reporting of the rate of
change in FEV; and FVC

Eight studies calculated the rate of change in FEV; and/or
EFVC as the change in volume divided by the change in time
using data from two time-points [8, 10, 33—37, 47]: four of
which had measured lung function on more than two occa-
sions [34-36]. Five studies used simple linear regression
[32, 40-43], five used linear mixed models [9, 44—46, 48],
while a further four did not report on the rate of change, or
did not report their method of calculation [30, 31, 38, 39].
There was no apparent indication that any technique was
more biased toward positive, negative or null results.

Six studies reported on the proportion of firefighters
with a decline in FEV; or FVC that was greater than a
particular cut-off: often referred to as an ‘accelerated’ or
‘greater than expected’ decline. The cut-offs (proportion
of firefighters above cut-off) were set at declines of >
50 mL/yr. (Fire: 26%, Controls: 39%) [8], >60 mL/yr.
(18.4% [42], 23% [40]), >64 mL/yr. (19.5%) [46], ,>
75 mL/yr. (50.8%) [38] and > 90 mL/yr. (4.8%) [43], with
the latter study also using a relative cut-off of >2.1% per
year (5.6%) [43]. One study also reported on FVC de-
clines of greater than 75 mL/yr. (35.1%) [38].

Quality assessment/risk of bias

Two articles were rated as high quality/low risk of bias,
12 as moderate quality/moderate risk of bias, and eight
as low quality/high risk of bias (Table 3).
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The most evident biases were performance bias, infor-
mation bias and attrition bias. Studies generally failed to
use valid and reliable means of measuring exposures and
did not report them with great detail in respect to the
measurement and reporting of confounding variables.
Seven studies reported loss to follow-up of greater than
30%, yet none investigated any potential effect of this
through sensitivity analyses or other adjustment methods.

Biases that were the most unclear were selection bias/
confounding, detection bias, performance bias and preci-
sion. The most common issues were around the clarity
of inclusion/exclusion criteria, the lack of clarity in
reporting blinding of assessors to exposure status as well
as the appropriateness of statistical techniques: although
this was mainly a reflection of the age of the studies.

Discussion

To our knowledge, this is the first study to systematically
review the literature measuring longitudinal changes in
lung function of professional urban firefighters and its
associations with occupational exposure. Among fire-
fighters exposed to routine firefighting, the reported
rates of change in lung function were variable and
ranged from normal rates of decline to what could be
considered accelerated: particularly among current
smokers. There is a general lack of evidence of a rela-
tionship between measures of routine firefighting expos-
ure and long-term changes in lung function: though this

Table 3 Summary of individual study quality/risk of bias assessment using the RTI-IB. Studies are ordered by population type and

year of publication

Assessment item* Bias domain

Routine firefighting Non-routine firefighting

[37] [35] [36] [34] [31] [33] [38] [40] [41] [42] [10] ([32] [43] [9] (8]

[30] | [39] [44] [45] [48] [46] [47]

-

Study design: Prospective, retrospective, mixed _ Selection bias/confounding,
Performance Bias, Detection bias,

Reporting Bias

~

Critical inclusion/exclusion criteria: clearly stated? Selection bias/confounding

w

Critical inclusion/exclusion criteria: valid and
reliable measures?

Information bias

IS

Critical inclusion/exclusion criteria: applied
uniformly?

Selection bias/confounding

@

Strategy for recruitment: same across study
groups

Performance Bias

o

Sufficiently large sample size?
Level of detail in describing exposure

Precision

~

Performance Bias

©

Selection of comparison group adequate? Selection bias/confounding

=
1)

Allocation between the groups: balance
Isolation from unintended exposures

Selection bias/confounding
Performance Bias

-
=

13 Outcome validation independent of exposure
status

14 Exposures: valid and reliable measures,
consistently implemented?

15 Outcomes: valid and reliable measures,
consistently implemented?

Detection bias

Information bias

Information bias

-
o

Length of follow-up same for all groups? Attrition bias

-
<

Length of follow-up long enough?
18 Attrition: Greater than 30 %?

Attrition bias
Attrition bias
Attrition bias

19 Attrition: Different across exposure groups

20 of Baseline Ct ility?

21 Confounding: valid and reliable measures,
consistently implemented?

22 Confounding, effect modification: important
variables were considered?

Selection bias/confounding
Information bias

Selection bias/confounding

23 Loss to follow-up: impact assessed?
24 Missing primary outcomes?
Statistical methods appropriate?

Attrition bias
Reporting Bias
Precision

~
&

28 Overall believability?
29 Source of funding identified?

Overall believability
Reporting Bias

*Item numbers refer to the question numbers of the
original RTI-IB

Risk of bias: EJ=N/A, C=Low, M=Unclear, B=High
L=Low, M = Moderate, H = High Decision: Quality M L L
Decision: Riskof bias M H H

No. items fulfilled/ total applicable items 7/16 6/16 5/16 8/17 7/16 7/16 7/16 4/17 5/16 5/16 14/24 5/25 12/23 15/24 11/25 7/25 6/24 12/16 17/24 11/17 11/16 7

M
M

10/1

Scoring 0.44 038 0.31 047 044 044 044 024 031 031 058 020 052 063 044 028 025 0.75 071 0.65 0.69 0.59

M M M L L L M L M M M L L H H M M M
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may be primarily due to limitations in exposure meas-
urement itself. In contrast, exposure to non-routine dis-
astrous events is more clearly related to reductions in
lung function.

The large variability in the reported rates of change in
lung function of firefighters exposed to routine firefight-
ing make definitive conclusions difficult. Most observa-
tions among never-smokers were consistent with other
longitudinal studies of the general population, or were at
least no more negative than non-firefighter general
population controls. However, the range of findings and
low rating in quality assessments among included stud-
ies, and the fact that there is no clear upper limit of nor-
mal lung function decline, precludes any definitive
conclusions about the risks of accelerated longitudinal
declines in lung function of professional urban fire-
fighters in relation to routine firefighting.

Among studies of routine firefighters, the study with
the highest score (0.63) in the quality rating/lowest risk
of bias assessment consisted of 5 years of annual mea-
surements and provides the best evidence of the effect
of contemporary firefighting on lung function [9]. Fire-
fighters in this study experienced a longitudinal rate of
change in FEV; of — 45 mL/yr. which was equal to that
of unexposed controls. While this is greater than the rate
of decline reported in most longitudinal studies of
healthy adult non-smokers, it is still less than is reported
by others such as Tashkin et al. [22] This highlights the
difficulties associated with comparing rates of change in
lung function between studies of different periods, which
utilised different recruitment strategies as well as differ-
ent equipment and standards of lung function testing.
For these reasons, studies that make direct comparisons
to a well-matched (yet unexposed) reference group who
are sampled in the same way, are particularly valuable,
but equally scarce.

One of the few studies employing a control population
made a surprising observation of an increase in FEV;
and FVC in non-smoking firefighters concurrent to a de-
cline in age-matched, non-smoking general population
controls [8]. Although this may be somewhat influenced
by the inclusion of younger firefighters whose lungs may
still be maturing, the mean changes in FEV; and FVC
for firefighters aged 36—45 years were positive. This is
contradictory to the notion that lung function declines
after peaking during in the third decade of life [15, 21,
49-51]. Caution, though, is needed in interpreting these
results, as this study would have benefited from further
follow-up in order to reduce any possible effect of statis-
tical regression to the mean.

In attempting to quantify the effect of routine firefight-
ing exposures on changes in lung function, multiple dif-
ferent strategies have been employed, each with limited
success. The number of responses to fires has not been

Page 17 of 20

meaningfully associated with negative changes in FEV;
or FVC, either through estimates based on fire depart-
ment records (FDR) or recalled by firefighters them-
selves [33-36]. Musk et al. [35] also reported a poor
correlation between the two methods, which may sug-
gest that firefighters cannot accurately recall their expo-
sures over a twelve-month period, that the FDR method
of estimation was unreliable, or both. Service/employ-
ment time has also been a poor index of exposure [10,
31, 33, 35, 36], and has questionable validity given the
way in which firefighters can move between active and
inactive roles throughout their careers. This movement
of workers also undermines any assumptions that active
firefighters have had greater exposures than inactive fire-
fighters, given that firefighters may self-select out of ac-
tive roles as a direct result of poor health following
work-related exposure. Further crude indices of expos-
ure have included self-reported heavy smoke exposure,
informally described as “shellackings” [35, 37], “lungers”
or “pastings” [34], as well as absence from work follow-
ing exposure to smoke [31], showing no significant asso-
ciations with changes in lung function.

Examined separately from studies of firefighters ex-
posed to routine firefighting, studies investigating
changes in lung function following severe exposure re-
veal consistent outcomes of accelerated declines in lung
function. Observing firefighters immediately following
exposure to a chemical warehouse fire, Unger et al. [39]
reported a high average rate of decline in FEV; over the
subsequent 18 months. While a lack of pre-exposure
data is a limitation of the study, the rate of decline may
have even been underestimated, if there were cases of
lung function recovery, over the course of follow-up.
This may provide an example of how studies involving
‘non-routine events’ could bias the estimate of the rate
of change in lung function following the event and sup-
ports the separate interpretation of the results in this re-
view. This issue also applies to the studies which
followed firefighters after 9/11 [44-48]. In addition,
some of these studies included firefighters who retired
during follow-up and thereby removing them from fire-
fighting exposures which may further affect estimates of
the rate of change in lung function. Notwithstanding
these issues, these studies were among the highest qual-
ity rated studies with the lowest risk of bias and have
benefitted from the presence of several vyears of
pre-exposure data. They provide unequivocal evidence
of the dramatic long-term negative effect of this expos-
ure on lung function and highlight the importance of
routine lung function surveillance in firefighters.

Among all studies included in the review that made
the comparison, most studies observed greater rates of
decline in never-smoking firefighters compared to
current-smoking firefighters. Although the significance of
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this difference was not always tested statistically, the
excess declines in current smokers were comparable to
those observed in general smoking population [52, 53].
Cigarette smoking has the potential to be particularly
dangerous to firefighters, given that it has been linked
with reductions in immune responses [54], which may
leave them more vulnerable to the dangers of fire smoke.
Based on the information available in this review, however,
it was not possible to speculate any further than this.

Along with smoke exposure, both from fires and ciga-
rettes, one of the most important variables affecting fire-
fighter lung function trajectories is the use of respiratory
protection, which has undergone many changes across
the time periods of the included studies. The US-based
National Fire Protection Association (NFPA) produced
its first Standard for Respiratory Protective Equipment
for Firefighters (NFPA 19B) in 1971, with the aim of pro-
hibiting filter-type canister masks for firefighters and
permitting only self-contained breathing apparatus
(SCBA) [55]. The regularly updated standard has over-
seen improvements in technology that are likely to have
influenced the frequency with which SCBA is utilised by
firefighters, which may have implications on respiratory
health. In their pioneering studies of the early 1970s
Boston, Musk et al.. found no relationship between fire-
fighters’ “self-stated tendency” to use respiratory protec-
tion and changes in FEV;, but provided no further
information on the frequency of use [34]. Tepper and
colleagues later compared changes in the FEV; of fire-
fighters who reported ‘never’ vs ‘ever’ using a mask while
extinguishing fires, showing little association [33]. This
method, though, may lack sensitivity due to the use of
the broad term ‘ever, which may have grouped together
those who have used it once only, or at every response.
Two decades later, Schermer et al [8] showed that fire-
fighters who reported ‘never or rarely’ using respiratory
protection during fire suppression were significantly
more likely than others to experience greater declines in
FEV;. They were also less likely to not use respiratory
protection during fire overhaul: the period following
extinguishment of visible flame, when exposures are
still dangerous [56, 57]. These firefighters were also
more likely to be older, suggesting a possible cohort
effect whereby use of respiratory protection increases
with each new generation of firefighters. Among re-
sponders to the 9/11 disaster in New York in 2001,
there was no identifiable protective effect of using any
type of protective mask [44]. However, this is likely
due to the fact that most firefighters were entirely un-
protected, or wore only a disposable mask in the first
2 days of the event [58].

Studies that received the highest quality assessment/low-
est risk of bias scores tended to be among the most recently
published studies, and employed more contemporary
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statistical methods of analysis [9, 44—48]. Among the
remaining studies, there was no discernible relation-
ship between publication date and quality. Mixed
models approaches offer several advantages over other
‘pre-post’ analyses, with the latter being more suscep-
tible to influence by measurement error. Further,
given the natural variability in lung function measure-
ments, studies with more than two measures of lung
function over five or more years of follow-up can
more precisely and reliably evaluate the rate of
change in lung function [18]. Those studies that met
this criterion tended to report normal rates of decline
in FEV; or FVC. None of the included studies
assessed for non-linear changes in lung function.

A limitation of this review was the absence of
meta-analytical techniques, which were precluded by the
lack of homogeneity across studies published over sev-
eral decades. The review may also be limited by publica-
tion bias, as it did not include evidence that was
unpublished or pending publication. Additionally, the
minimum follow-up time for studies to be included was
1 year. Given the value of repeated measurements over
long periods [18], approximately half of the studies
included may be too short to provide truly meaning-
ful insights into the way lung function changes over
time. Further, due to the manner in which published
data were reported, some data were estimated from
graphical figures using computer software, or calcu-
lated from the data that were available and this may
have reduced the precision of estimates of rate of
change. Moreover, the focus of this review was on pro-
fessional urban firefighters, whose exposures may differ
in type, intensity and duration to those of wildland fire-
fighters. Although exposure to wildland firefighting has
produced cross-shift [59] and cross-seasonal [60] re-
ductions in lung function, further studies are needed to
investigate the long-term effects of such firefighting.

Conclusions

The data provided by longitudinal studies, which were
mostly concerned with FEV, are highly variable and
provide an unclear picture of how the rate of change in
lung function of firefighters relates to routine exposures
and how it compares to the rate of change expected in a
non-exposed working-age population. Firefighters who
abstain from cigarette smoking and who routinely wear
respiratory protection are more likely than otherwise to
have a normal rate of decline in lung function. Exposure
to catastrophic events, such as 9/11, significantly in-
creases the rate of decline in lung function but there is
limited evidence detailing the effect of routine firefight-
ing and future studies will benefit from more robust
methods of measuring exposure.
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Abbreviations

9/11: World Trade Center disaster on September 11, 2001; AA: African-
American; AAT: Alpha-1 antitrypsin; B: Black; BHR: Bronchial hyper-reactivity;
C: Caucasian; Cl: 95% Confidence Interval; Cur: Current smokers;

CurNS: Current non-smokers; EMS: Emergency Medical Services;

ERS: European Respiratory Society; Ev: Ever smokers; F: Female(s); FDNY: Fire
department New York; FDR: Fire department records; FEV;: Forced Expiratory
Volume in one second; FIRE: Firefighters; For: Former smokers; FVC: Forced
vital capacity; GP: General population; HAZMAT: Hazardous materials;

HW: Hispanic White; IL-10: Interleukin-10; IL-IRA: Interleukin-1 receptor
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