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Obesity is associated with addi-
tional serious concerns for occupa-
tional medicine, including decreased
physical fitness (work capacity),'?
increased risk of heat-related ill-
ness,'> the confounding effects of
obesity on medical surveillance for
potential hepatotoxins (eg, obesity-
related increases in liver function
tests®7) and safety hazards due to
decreased alertness (eg, excess day-
time sleepiness due to obesity-
related sleep disorders™®). Obesity
has also been shown in recent em-
ployer and health maintenance orga-
nization—based studies to be associ-
ated with increased health care and
other associated costs.'*'?

Given the potential adverse health,
safety, and economic consequences
of obesity, we determined the prev-
alence of overweight status and obe-
sity and investigated the effects of
increasing BMI on physiologic, met-
abolic, and morbidity profiles in a
large cohort of hazardous materials
(HAZMAT) firefighters.

Methods
Subjects

The subjects were all members
(n = 340) of six regional HAZMAT
teams of the Commonwealth of Mas-
sachusetts. They included 268 (79%)
HAZMAT technicians and 72 (21%)
support members. The population in-
cluded four women (1%). The team
members’ ages ranged from 21 to 58
years, with a mean of 39 and a
standard deviation of 6.9.

Baseline and Periodic
Medical Examinations

Medical surveillance examinations
for all subjects were performed at
three hospitals—Massachusetts Re-
spiratory, Marlborough, or Holyoke
Hospitals—in 1996 or 1997 in the
first year of a statewide surveillance
program. All examinations were con-
ducted in a similar fashion. Exami-
nations included a detailed medical,
smoking, and environmental/occupa-
tional history tailored to emergency
responders; physical examination;

visual and audiometric testing; rou-
tine laboratory tests (complete blood
count, blood urea nitrogen, creati-
nine, alkaline phosphatase, aspartate
aminotransferase [AST] and alanine
aminotransferase [ALT], and urinal-
ysis); and spirometry.

Summary results of each firefight-
er’s examination, including a face
problem sheet and the attending phy-
sician’s determination of fitness for
duty, were transferred to the Massa-
chusetts Respiratory Hospital, where
they were entered into a statewide
computerized medical records repos-

itory.
Gestalt Morbidity Rating

The face problem sheet of each
subject was reviewed by a board-
certified internist (E.O.L.). The inter-
nist never examined any of the fire-
fighters and was blinded to the
subjects’ fitness for duty outcomes.
The face problem sheet lists gender,
age, height and weight, medical
problems, medications, allergies, im-
munizations, and smoking history.
Each subject was rated on a scale of
1 to 10 for increasing morbidity. A
rating of 1 was considered most
healthy, and 10, least healthy. This
parameter was labeled “fit rank.”
This rating is not blind to BMI status
because the face sheet includes
height and weight and obesity may
be listed as a medical problem.

Body Mass Index

The BMI of each subject was cal-
culated and reported in kilograms per
meter” from his/her height in inches
and weight in pounds, using the fol-
lowing formula'®; BMI = 703.1 X
(weight in pounds)/(height in
inches).’

Statistical Analyses

For the purposes of statistical
comparisons, the cohort was divided
into three groups. The low BMI
group was defined as those subjects
with a BMI <27, the medium BMI
group as those with a BMI of 27 to
<30, and the high BMI group as
those with a BMI = 30.
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Because of the small number of
women in the cohort (n = 4), only
males were included in multivariate
models. Smoking information was
obtained from the face problem
sheets, where it was categorized as
“pever,” “former,” or “current.” Eth-
anol consumption was quantified as
the number of drinks per week. Eth-
anol consumption information was
available for the male firefighters
who were examined at the Massa-
chusetts Respiratory Hospital (35%
of total cohort; 114 of 329). Because
ethanol intake is not listed on the
face problem sheets, the centralized
database does not contain ethanol
intake information for the remaining
firefighters.

Analyses of variance were used to
compare the means of the three
groups (low, medium, and high
BMI). If these analyses demonstrated
a significant difference (P < 0.05)
among the means, then independent ¢
tests were used to compare the mean
of the low BMI group with the
means of the other two groups.

Results

Distribution of Body Mass
Indices for the Cohort

Heights and weights were avail-
able for 333 of 340 subjects (98%),

The mean BMI was 28.9 = 4.1 for
these 333 firefighters. The mean
BMI for the four women was 27.7 =
6.6 (range, 22.6 to 36.9), and 29.0 =
4.0 (range, 19.3 to 43.8) for the 329
males. Eighty-seven percent (290 of
333) of the firefighters were over-
weight, with BMIs of 25 or greater.
Fifty-nine percent (198 of 333) were
above the previous US guidelines for
overweight: BMI 27.8 and 27.3 for
men and women, respectively. Obe-
sity (BMI = 30) was present in 34%
of the cohort (113 of 333). Finally,
2% (n = T7) met the criterion for
morbid obesity (BMI = 39).

Thirty-two percent (106 of 333) of
the firefighters with measured BMIs
fell into the low BMI category, with
a mean BMI of 247 = 1.9; 34%
(114 of 333) comprised the medium
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this study. The Jette and Sidney'?
study documented decreased muscu-
lar endurance and diminished aero-
bic and anaerobic capacity in obese
military personnel. Similar results
have been found in firefighters,**>*
Therefore, some obese firefighters
may not be able to meet the well-
documented physical demands of
their jobs.?*~*® Decreased work ca-
pacity and higher energy expendi-
tures for the same work also predis-
pose obese workers to heat-related
disorders."?

Other researchers report a strong
association, especially in men, be-
tween obesity and sleep apnea,”’ >
sleep disturbances,®” and increased
daytime sleepiness even in the ab-
sence of apnea.® In obese males with
BMIs between 32 and 39 and no
primary sleep complaints, Vgontzas
et al’ found a 20% prevalence of
obstructive sleep apnea that was se-
vere enough to warrant treatment.
Among morbidly obese males with
BMIs = 39, the prevalence was
50%. These BMI ranges correspond
to 17% and 2% of our cohort, respec-
tively. If the results from Vgontzas et
al® are generalizable to our cohort,
we would expect a 4.5% (15 of 329)
prevalence of sleep apnea that was
severe enough to warrant treatment.
Additional sleep deprivation and
sleep disturbances due to shift work
may potentiate these safety risks.
The possible presence of an obesity-
related sleep disorder that could im-
pair a firefighter’s abilities and
heighten the risks to personal and
public safety should be addressed in
fitness for duty examinations.

Consistent with Jette and Sid-
ney,'> we found that increasing age
was associated with increases in
BMI. Because BMI is likely to in-
crease with age, we can reasonably
conclude, as did Jette and Sidney'”
with armed forces recruits, that a
firefighter who is overweight at hire
will probably remain overweight and
gain additional weight over time.
Again, this likely scenario empha-
sizes the need for effective fitness
and health-promotion programs. A

review of several physical fitness
intervention programs for firefight-
ers documents that such programs
can be effective.’® Positive outcomes
include increased maximum oxygen
consumption, muscular strength and
flexibility, and a decreased percent-
age of body fat. In conclusion, the
high prevalences of obesity and
overweight status, their adverse
health and fitness associations, and
their potential reversibility argue for
the development and implementation
of fitness-promotion programs for
firefighters.
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Correlates of Fitness for Duty in Hazardous Materials Firefighters

INTRODUCTION

There are an estimated one million persons in the
United States involved in firefighting [Morse et al., 1992].
The 1997 National Fire Protection Association (NFPA)
Standard Medical Requirements for firefighters [NFPA
1582, 1997] recommend medical examinations for all of
these individuals. Additionally, an increasing number of
communities have developed hazardous materials (hazmat)
teams composed of specially-trained firefighters to respond
to chemical spills, fires, and accidents. The OSHA standard
on Hazardous Waste Workers [29 CFR.1910.120, 1989]
requires medical surveillance for these hazmat firefighters
and other potentially exposed workers. In Massachusetts,
new firefighter candidates must now pass a physical abilities
test, preplacement medical examination, and periodic
medical examinations every two years thereafter. Most cur-
rent incumbent firefighters in Massachusetts, however, do
not undergo any required periodic medical testing.

Despite widespread recommendation and practice, it is
unknown if medical examination programs can decrease
morbidity and mortality, or if they correctly select persons
who are medically capable or incapable of firefighting. Most
surveillance tests and fitness for duty criteria are currently
advocated on theoretical grounds, and limited scientific
evidence is available to support their use in medical
surveillance examinations and fitness for duty deter-
minations [Kales et al., 1997, 1998]. Fitness guidelines
(e.g., NFPA 1582) traditionally review at what point, or in
the presence of what manifestations, specific conditions or
diseases become “incompatible with the safe performance
of essential job functions...” [Samo and Bogucki, 1999].
Even less data can be used to support or refute various
cutoff values beyond which point a firefighter is suggested
to become unfit for duty [Kales et al.,, 1998; Kales and
Christiani, 1999]. No “gold standard” for determining
fimess or for validating proposed fitness criteria exists.

Given the absence of a “gold standard” or a prospective
study of outcomes, surrogate measures of fitness could be
considered. The NFPA [NFPA 1582, 1997] regards the
following to be among the essential capabilities of a
firefighter: the ability to “... make rapid transitions from
rest to near maximal exertion without warm-up periods™; to
wear about 50 pounds of personal protective equipment, and
at the same time to “... perform physically demanding
work . .. at near maximal heart rates for prolonged periods
of time...”. Therefore, an adequate aerobic capacity or
exercise tolerance might be one surrogate of fitness for duty.

Another goal of fitness determination is the identifica-
tion of individuals at high risk for incapacitation and death
during firefighting. Fatality data collected by the NFPA
show that the on-duty death rate is over six times higher for
firefighters over 60 years of age and three times higher for
50—59 year olds than for those 20—39 years old [Washburn,
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1998]. The NFPA has also shown that heart attacks are
consistently the most frequent cause of death among
firefighters, accounting for 45% of US fatalities during
the period 1977-1996 [NFPA, 1998]. Over 90% of these
deaths occurred in individuals with known heart disease or
significant coronary heart disease risk factors. Fifty per cent
had prior myocardial infarctions or bypass surgery, another
32% had severe coronary atherosclerosis, and an additional
12% had diabetes or hypertension [Washburn, 1998]. The
absolute number of heart disease deaths, however, is about
40-45 per year [NFPA, 1998; Washburn, 1998], so the
overall risk of death is low. Therefore, it is unclear how to
best exclude those at the highest risk while avoiding age
discrimination and without disqualifying a large number of
firefighters from duty who, despite risk factors, will perform
without significant problems.

We previously examined the clinical yields of various
examinations, and the practical implications of applying
selected NFPA and other fitness criteria to a cohort of
hazardous materials firefighters [Kales et al., 1998]. We also
compared these suggested fitness criteria to the attending
physicians’ determinations of fitness for duty. Because no
“gold standard” exists for determining fitness or for
validating proposed fitness criteria, we could not test the
sensitivity, specificity, or predictive values of the fitness
criteria or the physicians’ clinical fitness determinations.

Although the hypothesis might be considered intuitive,
we are unaware of any investigations that demonstrate that
firefighters who are found “unfit for duty” or who fail to
meet selected NFPA or other proposed criteria are actually
less healthy than their “fit” colleagues as measured by
objective testing. Likewise, it has not been shown that such
persons are incapable of safely performing as firefighters.
Therefore, in this study, we compared the health profiles of
firefighters who failed fitness for duty determinations by
attending physicians and those who failed various objective
criteria with the profiles of firefighters who were judged fit
for duty and passed all objective criteria. We included
comparisons on two surrogate measures of fitness, VO, max
predicted and predicted coronary heart disease (CHD) risk,
as both a poor aerobic capacity and/or high risk of cardiac
incapacitation may impair the safe and successful perfor-
mance of essential firefighting job functions. We also ex-
amined the same health/fitness profiles in association with
low, moderate, and high clinical morbidity ratings.

METHODS

Subjects

The subjects were all members (n = 340) of six regional
hazardous materials response teams of the Commonwealth
of Massachusetts as well as regular municipal firefighters for
local departments. The population included four women






















































technicians and support controls for year 1 and
year 3, respectively.

No differences in the proportions of techni-
cians or support controls with test values
outside the expected ranges were found with
the exception thart significantly more controls
(7%, (5/71)) had increased creatinine values in
yvear 1 than technicians (1%, (3/268),
p<0.012). A detailed breakdown of technicians
and support controls with values outside the
expected ranges for each hospiral and year is
given in appendix 3.

Discussion

This study was a prospective and cross
secrional evaluation of possible health effecrs of
firefighting work with hazardous materials. No
clinical health effects of work with hazardous
materials were reported during the study
period. This is consistent with our previous
studies of incidents with hazardous materials
responded to by the same six Massachusertts
regional teams from 1990 to 1996.”'" In
analyses of reports of incidents for the first 6
years of work with hazardous materials,
hazardous materials team members experi-
enced no notable chemical exposures. Minor
musculoskeletal injuries were reported in a sin-
gle incident. This is also consistent with
findings among hazardous waste workers that
few notable exposures occur because when the
potential for exposure is greatest the workers
are usually equipped with the highest levels of
personal protective equipment.’

To study the possible subclinical health
effects of hazardous materials firefighting, we
studied liver and renal function tests and
haemarological indices as markers of end organ
effect. Such testing has been recommended as
standard or optional components in the medi-
cal examinations of hazardous materials work-
ers' " and firefighters." "

We found no significant differences in means
for any of the effect markers studied across
exposures (hazardous materials technicians
versus support controls) at both year 1 and year
3. Also, no differences in the proportions of
technicians or support controls with test values
ourside the expected ranges were found with
the exception of creatinine in year 1. In this
case, the result was not consistent with an
adverse effect of work with hazardous marteri-
als, as more controls had increased creatinine
values than technicians. Also, we found no dif-
ferences in any of the variables studied between
members of the teams who either left or
became inactive and those who remained active
to the 3rd year of the study.

Likewise, we found no clinically notable
changes within the means for various subject
groups over time. We found significant longitu-
dinal changes for only two indices: creatinine
and platelets. For all groups studied at two of
the hospirtals, creatinine decreased significantly
over rime, at the third hospital, mean creatinine
increased non-significantly. Because mean cre-
annine decreased (improved) in support work-
ers as well as technicians, and we found no dif-
ferences between groups at either time point,
we think that these changes are not related to
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exposure. The change in reference laboratory
in 1998 at one of the hospitals may account for
some of the variation.

In initial longitudinal analyses, we did find
consistent and significant decreases in platelet
values within technician groups and support
workers who became rechnicians. In further
analyses, however, the use by one of the hospi-
tals of a new laboratory in year 3 (1998) with a
lower reference interval for plateler counts
seemed to be the cause. When we srratified the
data by hospital, the decrease in platelets was
isolated 1o those tested ar a different laboratory
in 1998, and was also found in support workers
examined at the same site. Also, when platelet
dara for the team | subcohort were examined
for 1992-3 to 1997 (excluding 1998 when a
different laboratory was used) there was no
significant change in platelets over time.

Our results are consistent with those of the
study of hazardous waste workers by Favata
and Gochfeld ," which failed to find any differ-
ences in the same indices that we studied
berween workers with low and high potentials
for exposure. The results are also consistent
with our previous study of the team I cohort"
where we found few abnormalities in these
indices and none that we could link to specific
exposures. Examination of the team 1 data over
5 vyears showed remarkable stability. This
suggests that the clinically unimportant, but
significant changes in some of these indices
that we found from 1992-3 to 1995" were
probably due to chance, subtle changes in
specimen collection, preparation, or laboratory
analyses berween the two nme points. As
expected, over many observation points, such
facrors not related to exposure are unlikely to
affect results in a consistent way.

The major limitation of the current study
was imposed by logistical constraints. In a
statewide programme, all six teams could not
be examined at a single hospital. Further, the
investigators could not require the examining
hospitals to send all specimens to a single
reference laboratory for all teams and all time
points. Indeed, this study highlights the poten-
tial problems that ongoing surveillance pro-
grammes may have when hospiral contracrual
obligations mandate changes in reference labo-
ratories. This limitation was countered by the
major strength of our study, the overall study
design.

Firstly, we had an excellent control group,
the support workers. Both technicians and
support workers perform regular fire duty with
their non-state, local fire departments. Support
members are presumed to have a very limited
potential for exposure compared with techni-
cians, as they do not enter the hot or contami-
nated zone of an accident. Therefore, they are
an ideal control group for the investigation of
potential health effects limired to those arising
from duty within the contaminated zone of
hazmat accidents, We found some differences
berween technicians and conrrol firefighters on
several confounding variables, but these differ-
ences would be expected to bias the study
towards finding worse results for the techni-
cians. Despite the fact that the technicians were
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older, more likely to have increased blood pres-
sure, increased cholesterol, take anthyperten-
sive or lipid lowering medications, or have
diabetes mellitus, we found no significant
differences in means for any of the effect mark-
ers studied across exposures.

Secondly, the proportions of control workers
examined at each of the three hospitals were
similar. There were no significant differences in
the proportions of technicians to controls
among the three hospitals at either year 1 or
year 3. This fact justified pooling the data from
all three hospitals for most analyses.

Thirdly, our design allowed for multiple
methods of looking for possible exposure or
work related effects. These included independ-
ent, cross sectional comparisons of technicians
and controls at two separate time points, com-
parisons of those who became inactive or left
the teams with those who remained acrive, and
prospective follow up comparisons within sub-
jects over time. These prospective comparisons
included technicians, support workers who
became technicians, and a 5 year time analysis
for the team 1 cohort. Although the support
workers who became technicians and the team
1 cohort were small, their results support the
consistency of the lack of any effect related to
exposure or work. Finally, we explored the
hypothesis that a few technicians might be
adversely affected by examining the proportion
of firefighters with results outside the expected
range for the cohort as a whole. Again, we
found no evidence for an adverse effect of work
with hazardous materials on the test values we
studied. Given the study’s design, it seems
unlikely that we would have missed a signifi-
cant effect related to exposure on the end organ
effect markers studied.

Work with hazardous marterials has the
potential for serious exposures and injuries due
to explosions, fires, and other releases of
dangerous substances. Among hazardous waste
workers it has been found, however, that few
significant exposures occur because those with
the greatest potential for exposure are usually
equipped with the highest levels of personal
protective equipment.’ This study and previous
studies of surveillance' " and of a hazardous
materials accident database'’ ' also suggest
that there are seldom health effects among
hazardous materials technicians who wear
appropriate personal protective equipment.
Therefore, current protective equipment and
procedures including decontamination seem to
be effective.

Another important consideration in this dis-
cussion involves the most likely potential expo-
sures during work with hazardous materials.
Irritants and corrosives are the most commonly
released hazardous materials, and respiratory
exposures to irritants are the most commonly
reported exposures.' ' Most irritant and
corrosive substances would not affect haemarto-
logical indices, or liver or renal function. On
the other hand, common health problems and
other non-occupational factors may produce
abnormalities. Therefore, the hepatic, renal,
and haemartological tests used in our investiga-
tion cannot be expected to be either sensitive or
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specific markers of exposure to hazardous
materials. In our experience, a further disad-
vantage of these markers is that firefighters
under medical surveillance often misunder-
stand the limitations of these tests. They tend
to overvalue normal results on these variables
as ruling out the possibility of present and
future health effects related to exposure.

Our results suggest that routine testing of the
hepatic, renal, and haematological indices used
in our investigation is not required on an
annual basis, and thar the use of these tests in
detecting subclinical health effects is limited,
Qur current recommendations for haemato-
logical, hepatic, and renal indices in the medi-
cal surveillance of hazardous materials fire-
fighters and other firefighters will be baseline
measurements for comparison after notable
exposures, illness, or other changes in clinical
state. Because cerrain laboratory values may
vary as a function of age, it seems desirable to
retest at some interval. The results of the sub-
cohort followed up over 5 years suggest that in
the absence of a known exposure or other clini-
cal indication, it is unnecessary to reassess the
indices studied here more often than every 3-5
years. When comparing periodic testing with
baseline results, there should also be considera-
rion of variation not related to exposure or ill-
ness, but due to changes in laboratories, refer-
ence intervals, or testing methods.
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For each of the 319 firefighters, we
created age-matched, male control
subjects, one each at the 50th and 90th
percentiles of database A. We then
determined the predicted hearing
thresholds of the control subjects at
each frequency. Thus, at each percen-
tile studied, the age distribution of
database A control subjects matched
that of the entire cohort of firefighters.

Relative Risk for High- and
Broad-Frequency Hearing Loss
in Firefighters Versus
Otologically Normal Persons

High-frequency hearing loss was
defined as an average threshold
greater than 30 dB at 3000, 4000,
and 6000 Hz. Broad frequency hear-
ing loss was defined as an average
threshold exceeding 20 dB across
500, 1000, 2000, and 4000 Hz. The
number of firefighters exceeding
these criteria for the average of the
two ears was calculated.

To estimate the number of age-
matched subjects from database A
exceeding the high and broad fre-
quency criterion, we stratified the
firefighters by deciles of age. A
mean age was calculated for each of
the 10 groups. Then for each of these
10 ages, the percentiles at which
database A subjects exceed the 20
dB hearing loss fence for 500, 1000,
2000, and 4000 Hz and the 30 dB
hearing loss fence for 3000, 4000,
and 6000 Hz were calculated. The
percentage of control subjects ex-
ceeding the two criteria for each of
the 10 age groups was determined
and then multiplied by the total num-
ber of subjects in each age category,
This yielded the number of failures
in each decile. Finally, we summed
the number of failures in each of the
10 age groups.

Comparison of Firefighters’
Threshold Data With Those of
Screened and Unscreened US
Populations: Subtraction of
Age-Expected Hearing Loss

For these comparisons, five sub-
groups of firefighters were exam-

ined. The groups were: 20 to 30
years old (mean age, 28 * 3; n =
33); 31 to 40 years old (mean age, 36
+ 3 years old; n = 143); 41 to 45
years old (mean age, 43 * 1 years
old; n = 76); 46 to 50 years old
(mean age, 48 = 1 years old; n =
53); and greater than 50 years old
(mean age, 53 * 2 years old; n =
14).

For each of the 319 firefighters,
we had two age-matched, male con-
trol subjects, one at the 50th percen-
tile and one at the 90th percentile of
database A. We then determined the
predicted hearing thresholds of the
control subjects at each frequency.
Thus, at both percentiles, the age
distribution of database A control
subjects matched that of each sub-
group of firefighters. The mean
thresholds of hearing loss for the
age-matched database A control sub-
jects at each frequency were calcu-
lated for these percentiles. For each
age group, frequency, and percentile
(50th or 90th), we subtracted the
database A hearing thresholds from
those of the firefighters.

Subtraction of age-matched data-
base A hearing thresholds from those
of the firefighters allowed us to esti-
mate excess hearing loss in the fire-
fighters. With normative hearing
losses eliminated, increasing age
among the firefighters becomes a
surrogate measure of increasing
years of fire service with the presby-
cusis effect removed.

Database B examples 1 and 2'*-'
are derived from unscreened United
States populations. The first example
comes from a US Public Health Ser-
vice Survey (1965).'° Some of these
subjects were assumed to have had
unreported occupational or other ex-
posure to noise. The second example
comes from a survey in urban and
rural North Carolina. The subjects
were stratified by age, race, and
sex,'”'® and excluded only if they
reported 2 or more weeks of indus-
trial noise exposure, North Carolina
subjects were not excluded for mili-
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tary service and nonindustrial noise
exposure, including farming, hunt-
ing, and shop work. For database B
example 2, we compared the male
firefighters hearing with that of
white, male North Carolinians'” be-
cause the firefighter cohort was pre-
dominately white.

For examples 1 and 2 of database
B, data are provided for the 10th,
50th, and 90th percentiles by age and
sex for persons 30, 40, 50, and 60
years of age. Formulas are not given
to interpolate between ages. To
match the mean ages of the fire-
fighter subgroups, database B data
were averaged with appropriate
weighting between male values for
30 and 40 years old or 40 and 50
years old, and so on. Because thresh-
olds are quite similar for both exam-
ples of database B, these data were
averaged before comparison with the
firefighters. Because 20-year-old
data are not provided for database B,
we estimated database B values for a
mean age of 28 years. We subtracted
the change in thresholds in dB at the
corresponding percentile from age
28 to age 30 for database A from
database B values for 30-year-old
persons. This method is justified be-
cause at both the 50th and 90th
percentiles, the relative changes in
thresholds with increasing age are
quite similar for both databases A
and B. Again, for each age group and
frequency, the average database B
hearing loss at the 50th and 90th
percentile at each frequency was
subtracted from that of the firefight-
ers at the same percentiles.

Resulis

The average age of the 319 fire-
fighters and the control subjects from
database A was 39.5 £ 6.9 years.
When results for both ears were av-
eraged, 46 of 319 (14%) firefighters
had high-frequency hearing loss
(3000, 4000, and 6000 Hz) compared
with 5% for a database A population
with a similar age distribution. This
yielded a relative risk for the fire-
fighters of 2.9 (95% confidence in-
terval, 1.7 to 5.1; P < 0.001; x* =
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related health hazard, even though
time-weighted exposures for periods
of 8 to 24 hours rarely exceed OSHA
and NIOSH limits.

Although an association between
intermittent noise exposure and hear-
ing loss has been found in firefight-
ers, a causal relationship has not
been established. Research has more
recently begun to address the risk of
noise-induced hearing loss due to
intermittent exposure to high decibel
levels, such as those experienced by
firefighters during emergency re-
sponse situations.'**~%!" In addi-
tion, a synergistic effect between
ototoxic air contaminants routinely
encountered by firefighters and oc-
cupational noise has been postulat-
ed.” Cigarette smoking could play a
similar role.” We could not address
the role of smoking or other medical
factors in this study because of the
lack of smoking information or for-
mulas for adjusting thresholds for
smoking in the International Organi-
zation for Standardization compari-
son databases. These databases are
based on studies done from the
1960s to 1980. Therefore, the preva-
lence of smoking in the United States
would have been higher in the gen-
eral population at that time than the
12% of current smokers in the fire-
fighter cohort. We plan to study the
role of smoking and other medical
problems on hearing within our co-
hort in the near future.

The major limitation of our study
was the lack of information on non-
occupational noise exposure and
other historical factors that might
affect hearing in the firefighters.
There is also insufficient information
as to the complete comparability of
the reference groups to the firefight-
ers. Although we could not com-
pletely control for these nonoccupa-
tional factors, we did use two
different and independently derived
sets of control hearing thresholds
from a highly screened, otologically
normal comparison group (database
A) and an unscreened comparison
group (database B examples one and
two). Both examples of database B

are assumed to have included sub-
jects with exposure to noise.'®'” In
the second example, North Carolina
subjects were not excluded for mili-
tary service and nonindustrial noise
exposure, including farming, hunt-
ing, and shop work. Nonetheless, our
results for excess hearing loss in the
firefighters associated with increas-
ing age were quite similar whether
we compared the firefighters with
database A or B. The fact that both
screened and unscreened comparison
groups yielded similar results and
similar rates of hearing loss with
increasing age means that this find-
ing was independent of the compar-
ison group. The reproducibility of
the results with an unscreened con-
trol group suggests that factors other
than nonoccupational noise exposure
are responsible for the apparent ac-
celerated hearing loss exhibited by
the firefighters.

- The most important strength of our
study was the ability to strictly age-
match our database A control sub-
jects. Differences in testing methods
or other nonoccupational factors be-
tween the firefighters and the com-
parison groups would not explain the
similar or better hearing of the
younger firefighters compared with
the control subjects, whereas older
firefighters had greater than expected
age-related hearing loss compared
with the comparison groups. Al-
though we could not perform exact
age matching for database B, inter-
polation from the database A tables
for age by decade for the 50th and
90th percentiles gave results almost
identical to the exact age-matched
ones we presented. Based on this
exercise and because the rates of
hearing loss with age are similar for
databases A and B, we believe that
the interpolated averages for data-
base B are good estimates of what
subject by subject age-matched data
would have shown.

Our study and other investigations
of firefighters hearing have been
cross-sectional. Longitudinal investi-
gations will be necessary to confirm
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that firefighters hearing loss is accel-
erated compared with the general
population, In addition, because of
numerous variables and potential
confounders, none of the studies can
conclusively demonstrate that fire-
fighters’ hearing loss is caused by
occupational noise. Nonetheless, re-
searchers have shown that firefight-
ers are subject to brief intermittent
periods of high levels of noise ex-
ceeding OSHA and NIOSH short-
term exposure limits.>® Further-
more, noise-induced hearing loss is
an irreversible condition for which
there is no effective medical treat-
ment.'” The irreversible nature of
noise-induced hearing loss, the con-
sistency of findings documenting ex-
aggerated hearing loss in older fire-
fighters,'"%* and documented noise
hazards®>~®'7 argue strongly for the
widespread implementation of pre-
ventive measures. Engineering con-
trols and personal protective equip-
ment have been reviewed
elsewhere.® In addition, educational
interventions designed to increase
the awareness of noise-induced hear-
ing loss and promote the use of
hearing protection devices have
yielded positive results." Therefore,
although further research is still
needed, sufficient information exists
to confirm this hazard and to advo-
cate prevention programs.
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the content of the examinations is not
specified.

Because of the potential for respi-
ratory exposures, most medical sur-
veillance programs include spirome-
try in their examination protocols.'”
This common practice is in agree-
ment with recommendations that
pulmonary function tests be consid-
ered as part of the medical examina-
tion process for hazardous waste
workers''*'® and for firefight-
ers.”'5!7 Despite the widespread use
of spirometry in these medical exam-
inations, limited information is avail-
able at present on the utility of mon-
itoring pulmonary function testing
among professional hazardous mate-
rials handlers. Because it has been
estimated that over 1 million persons
in the United States are involved in
firefighting alone,'® the utility of
tests used to monitor health status
among firefighters and other hazard-
ous materials handlers is an impor-
tant issue in the provision of preven-
tive health services.

In a small, prospective study of 40
hazardous material firefighters, we
found few spirometric abnormalities
and none that could be specifically
linked to exposures or accident re-
sponse.'” The current study was un-
dertaken to evaluate further possible
health effects of hazardous materials
firefighting duty as measured by spi-
rometry in a larger, statewide cohort
over 3 years and in our original
cohort over 6 years.

Methods

Subjects

The study population included all
351 male members of six regional
hazardous materials response teams
of the Commonwealth of Massachu-
setts who underwent one or more
annual, state-mandated medical sur-
veillance/fitness for duty examina-
tions between 1996 and 1999. All
firefighters were examined on a con-
fidential basis. The Institutional Re-
view Boards of the Harvard School
of Public Health and The Cambridge
Hospital approved review of the fire-

fighters’ medical records for re-
search purposes.

All of the subjects were also mem-
bers of municipal fire departments in
addition to their hazardous materials
duty with the state teams. In 1996 to
1997 (year 01 of the primary study),
the initial cohort (n = 336) included
267 (79%) hazardous materials tech-
nicians and 69 (20%) support mem-
bers. The majority of the technicians
were already incumbent members of
the hazardous materials teams before
the start of the study. After the year
01/1996 to 1997 examination and
before the end of the study period, 15
new members joined the teams and
14 firefighters (12 support members
and two technicians) changed posi-
tions. Including all four examina-
tions, data were collected for 351
firefighters: 276 (79%) technicians
and 75 (21%) support members.

Hazardous Materials Duty
Exposure Status

Technicians are involved with the
actual assessment and mitigation of
hazardous materials accidents within
the “hot,”" or contaminated, zone of
the accident. Most situations are re-
sponded to on a “level A” basis,
which entails the use of vapor-tight
clothing and a positive pressure self-
contained breathing apparatus. Field
decontamination is performed rou-
tinely after all accidents unless the
hazard poses a threat only by pulmo-
nary absorption (eg, carbon
monoxide).

During hazardous materials duty,
support members do not enter the hot
zone of an accident and their role is
limited and ancillary. Therefore, they
are presumed to have a very low
potential for hazardous materials ex-
posure compared with the techni-
cians. Both technicians and support
members perform regular fire duty
with their local fire departments. Be-
cause support members are not ex-
posed in their hazardous materials
duties but do serve as municipal
firefighters, they are an ideal control
group for the investigation of poten-
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tial health effects arising from duty
within the contaminated zone of haz-
ardous materials accidents.

Baseline and Follow-Up Medical
Examinations

Medical surveillance examinations
for the firefighters were performed at
one of three hospitals in 1996 or
1997 in year 01 of a statewide sur-
veillance program. A smaller number
(n = 214) were examined during the
year 02 examinations in 1997. This
timing was because of an administra-
tive decision by the Commonwealth
of Massachusetts in 1997 to have all
teams' subsequent examinations
conducted within a 2-month time
period in the fall of each year. The
year 01 examinations were con-
ducted throughout 1996 and part of
1997. Because 16 months is the max-
imum time period allowed between
examinations, some firefighters were
not reexamined until fall 1998.

Forty technicians from team 1, one
of the six teams, had baseline exam-
inations conducted at hospital two,
one of the three hospitals mentioned
above, between November 1992 and
August 1993, Thirty-seven techni-
cians from this group had follow-up
examinations performed in April and
May 1995. We reported previously
on the results of their 1992 to 1993
and 1995 examinations.'? Thirty-
seven technicians from this original
cohort participated in the statewide
year 01/1996 to 1997 examination,
and 32 of the original technicians
remained active through year 04 and
were examined again in 1999, There-
fore, this subgroup had longitudinal
follow-up data over 6 years at six
time points available for study.

All examinations were conducted
in a similar manner. Examinations
included a detailed medical, smok-
ing, and environmental/occupational
history tailored to emergency re-
sponders; physical examination; spi-
rometry; and routine laboratory tesis.

Statistical Analyses

We used the percent of the pre-
dicted forced vital capacity (FVC)
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Therefore, group spirometric surveil-
lance may provide one type of objec-
tive physiologic measurement of the
effectiveness of safe work practices
and personal protective equipment.
Given the irritant nature of the most
common exposures, it is not surprising
that the utility of routine biochemical
and hematologic testing has been lim-
ited in both hazardous waste workers>
and hazardous materials firefighters.?*
In the future, spirometry might be
complemented by the measurement of
serum proteins® and/or sputum ana-
lytes that are markers of lung
inflammation.

Other factors that support contin-
ved annual spirometry testing and
longitudinal study are the relatively
short period of follow-up, the high
prevalence of risk factors associated
with lower baseline pulmonary func-
tion, and the small excess decline in
FEV, for the entire cohort. Although
the widespread introduction and use
of respiratory protection, seems to
account for the lack of chronic ef-
fects in several recent studies of pul-
monary function in firefight-
ers, 212627 acute adverse effects
from occupational smoke exposure
have consistently been demonstrat-
ed.?>**-3! Finally, this study did not
consider separately those firefighters
with respiratory problems or other
individuals possibly susceptible to
accelerated losses of pulmonary
function. We believe that continued
study of firefighters with and without
these risk factors is warranted.
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is =160 mm Hg and their DBP is
=90 mm Hg. Drivers may be provi-
sionally qualified when 161 = SBP
=180 mm Hg and/or 91 = DBP =
104 mm Hg. Drivers must be dis-
qualified when their SBP exceeds
180 mm Hg or when their DBP
exceeds 104 mm Hg>' Meanwhile,
Massachusetts’ Human Resources
Division defines an SBP < 160 mm
Hg and a DBP < 100 mm Hg as
acceptable for the initial hire of fire-
fighters and police officers.*

While objective, numerical criteria
may simplify the medical examiner’s
task by sparing subjective human
judgement,” the impact of current
blood pressure guidelines on em-
ployment status and health is un-
known. In addition, the lack of evi-
dence on occupational outcomes
may reinforce examiners’ reluctance
to follow guidelines and exclude
workers from jobs based on a single
examination finding.'®** Finally, we
do not know which guidelines, even
if consistently enforced, are the most
appropriate. We undertook this study
to examine blood pressure and
changes in employment status
among firefighters and the utility of
resting blood pressure as a fitness-
for-duty criterion.

Methods

Subjects

The study base consisted of 340
firefighters from six regional, haz-
ardous materials teams in Massachu-
setts who underwent a baseline ex-
amination in 1996 or 1997, when a
statewide medical-surveillance pro-
gram was initiated. The firefighters
joined the hazardous materials teams
on a contractual basis in addition to
their primary occupational duties as
municipal firefighters in local fire
departments. We excluded two per-
sons who were examined but never
joined a hazardous materials team;
three firefighters with inadequate
follow-up information; and one fire-
fighter already on “injured-on-duty”
status at his baseline examination.
The Institutional Review Boards of
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the Harvard School of Public Health
and the Cambridge Hospital ap-
proved review of the firefighters’
medical records for research pur-
poses.

Baseline and Follow-Up Medical
Examinations

Medical-surveillance examina-
tions were performed, on a confiden-
tial basis, at one of three contracted
Massachusetts hospitals. Eighty-two
percent of the baseline examinations
took place in 1996, and most of the
firefighters (n = 214) had the first
follow-up examination during 1997.
The subsequent periodic examina-
tions for all teams took place during
the fall of 1998, 1999, and 2000. All
examinations were performed for the
dual purposes of medical surveil-
lance and determination of fitness-
for-duty status for the hazardous ma-
terials teams and were conducted in a
similar fashion based on a written
protocol. The physicians performing
or supervising the medical examina-
tions were board-certified or board-
eligible in occupational medicine,
Initially, all fitness decisions were
left to the clinical discretion of the
examining physicians at each hospi-
tal. Since 1998, threshold guidelines
for resting blood pressure (SBP <
180 mm Hg, DBP < 100 mm Hg)
and visual and acoustic acuity crite-
ria were recommended, but the ulti-
mate fitness-for-duty decisions re-
mained with the attending physicians
and were not subject to secondary
review or audit, Examining physi-
cians were blinded to the hypothesis
of this investigation and were not
informed that we were evaluating
blood pressure =160/100 mm Hg as
a threshold for increased risk. Sum-
mary results for each firefighter’s
examination, including the physi-
cians’ determination of fitness for
duty, were transferred to a comput-
erized medical record repository.

Blood Pressure Readings

Resting blood pressure readings
were recorded routinely, in mm Hg,
as part of the vital-signs evaluation

and documented at every examina-
tion. For this study, the blood pres-
sure for each examination was the
single reading that was documented
on each firefighter’s summary sheet
and sent to the central repository.
Before entry into the computerized
repository, blood pressure readings
were rounded up to the nearest even
digit, The Sixth Report of the Joint
National Committee on Prevention,
Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC-
VI)® was used to classify firefighters
into three blood pressure categories
based on the 1996 to 1999 examina-
tions. The first category was normal
blood pressure (SBP < 140 and
DBP < 90 mm Hg), the second
category was stage [ hypertension
(140 =SBP < 160 mm Hg and/or 90
=DBP < 100 mm Hg), and the third
category was stage Il hypertension or
higher (SBP = 160 mm Hg and/or
DBP = 100 mm Hg).

Additional Risk Factors

Prospective information on other
factors was routinely collected at ev-
ery examination, including the fol-
lowing: measured height and weight,
age, gender, job type, allergies, med-
ications, smoking history, and phys-
ical examination findings. Labora-
tory tests were also administered at
each annual examination, including
electrocardiogram (baseline only),
spirometry, complete blood count,
blood glucose, total cholesterol, se-
rum triglycerides, liver enzymes, se-
rum creatinine, and urinalysis. Since
the 1996 or 1997 medical examina-
tions, most data that were initially
missing in the central data repository
had been recovered from the original
medical records of the examining
hospital and entered into the reposi-
tory.

Change in Employment Status

Changes in employment status
(death, placement on injured-on-duty
status, termination of duty, resigna-
tion, or retirement) were reported by
the state Office of Hazardous Mate-
rials Response. Information on inci-
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guideline (SBP < 180 mm Hg) dur-
ing 1262 person-years. Therefore,
this particular systolic criterion
lacked sensitivity and utility in our
study population.

A second important finding re-
gards two other modifiable risk fac-
tors. Among firefighters with stage 11
hypertension readings, adverse
events were even more frequent
among those not receiving antihyper-
tensive medications and those with
obesity (BMI = 30). Obese firefight-
ers with untreated stage II hyperten-
sion experienced the highest rate of
adverse events. Therefore, although
all firefighters with hypertension
should be referred for treatment, our
data suggest that certain groups war-
rant further consideration before re-
ceiving clearance as fit for duty, as
well as more aggressive risk factor
detection and management.

The overall prevalence of hyper-
tension (defined by blood pressure
readings and/or antihypertensive
medication use) among our study
population was relatively high
(20%); however, it was lower than
the prevalence in the general popu-
lation (23% to 40%),*° perhaps be-
cause of the healthy worker effort.”’
In any case, if <160/100 is used as a
strict fitness-for-duty cutoff, only a
small proportion of firefighters
(about 3% per year) will be tempo-
rarily disqualified on this basis until
improved blood pressure control is
achieved. Thus, in addition to sup-
port from our study, this proposed
guideline is practical to implement
and reasonable public health policy.

Qur investigation does have sev-
eral limitations. The annual examina-
tions and data collection processes
were conducted in three different
hospitals for six regional hazardous
materials teams. Despile written pro-
tocols for medical surveillance, we
know that not all physicians fol-
lowed the same fitness determination
practices.'® Therefore, their clinical
practices regarding uncontrolled hy-
pertension may have differed also.
When we adjusted for the examining
hospital, however, the significantly
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increased risk for stage II hyperten-
sion persisted. It might also be pos-
tulated that from 1998 on, when a
blood pressure guideline was recom-
mended, some physicians might have
been less likely to document a read-
ing higher than 179 mm Hg, systolic
or 99 mm Hg, diastolic to avoid
disqualifying firefighters. This sce-
nario would have misclassified some
firefighters with high DBPs as <100
mm Hg. Another possible concern is
differential methods of blood pres-
sure assessment among examiners.
Both misclassification scenarios,
however, would be likely to drive the
results toward the null hypothesis.
Finally, the study subjects were clas-
sified primarily on the basis of single
blood pressure readings. Single read-
ings, however, have previously been
shown to be significant predictors of
cardiovascular disease outcomes.™
A different limitation, imposed by
our relatively small sample size, was
the inability to study specific out-
comes (eg, on-duty incapacitation or
injury), Therefore, we needed to use
a broad outcome measure encom-
passing significant changes in em-
ployment status. Thus, the summary
measure included retirement and res-
ignation as well as health events. We
believe our choice of outcomes was
justified for several reasons. First,
we did not consider fitness-for-duty
decisions themselves because they
can be directly linked to the exposure
under study, uncontrolled hyperten-
sion. Second, we excluded from con-
sideration resignations that resulted
from promotions to higher rank and
were unlikely to be health related. In
other cases, however, there is good
reason to believe that retirements and
resignations in firefighters under the
age of 60 may involve health issues.
Likewise, termination of duty is
likely to occur due to lack of com-
pliance with the medical examina-
tion process, which again may relate
to health problems. We do not have
definitive evidence because the de-
parting firefighters did not take ad-
vantage of an exit medical examina-
tion. Nonetheless, support for this

ill-health hypothesis is the fact that
in multivariable-adjusted models,
stage II hypertension, obesity, and
smoking were significant predictors
of adverse events while age was not.
Regarding injured-on-duty status, we
lacked detailed information regard-
ing the nature of the health problem
in most reports. Injured-on-duty sta-
tus usually relates to an injury occur-
ring during the firefighter’s munici-
pal firefighting duties or a significant
intervening medical illness. These
injuries and illnesses resulted in sick
leaves for several months to years
from the hazardous materials teams
and in several firefighters, to even-
tual retirement. In summary, the ad-
verse employment outcomes in-
cluded in the study were also likely
to reflect changes in functional status
that could interfere with some as-
pects of active duty.

It is not entirely clear why stage II
blood pressure levels were associ-
ated with adverse employment status
changes, since the majority of these
events were not cardiovascular in
nature. Stage II hypertension may be
a marker of reduced fitness and other
health problems, especially when un-
treated. In this sense, our results may
be analogous to those of Cady et al,*
who found that decreased measures
of physical fitness in firefighters
conveyed increased risks of injury.
The majority of adverse events
among hypertensive firefighters oc-
curred in individuals who were not
treated for hypertension rather than
those who were prescribed medica-
tion but with inadequate blood pres-
sure control. Therefore, their other
health problems were also likely to
be untreated.

Qur baseline data demonstrated
some cardiovascular risk factor clus-
tering, such as increasing age, obe-
sity, and elevated cholesterol among
firefighters with hypertension. In a
previous study,™ we found that fire-
fighters with various single and ag-
gregate measures of possible de-
creased fitness tended to have worse
examination results on other param-
eters as well. General population
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studies have shown that cardiovascu-
lar risk factors may cluster together
in certain groups, especially hyper-
tensives.” ™* On the other hand, al-
though elevated blood pressure may
be a marker of other health problems,
firefighters with stage II hyperten-
sion had significantly increased risks
for adverse events, after adjustment
for possible confounders including
age and BMI. Moreover, the results
were not an artifact of medication
side effects because untreated hyper-
tension was associated with higher
risks.

Although we could not directly
measure the impact of hypertension
on cardiovascular outcomes, persons
with hypertension, especially stage II
hypertension, are more prone to car-
diovascular disease and should re-
ceive further evaluation.*>”® Myo-
cardial infarctions are the most
common cause of on-duty fatalities
among firefighters, accounting for
45% of deaths,” and risk factor
identification and management could
reduce 1'|1cu'tality.33 In addition,
based on our findings of increased
risks of adverse employment events,
firefighters with blood pressure
=160/100 mm Hg should demon-
strate improved blood pressure con-
trol before receiving medical clear-
ance as fit for duty.
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or HDL cholesterol when comparing
fasting with casual values." Although
triglycerides are significantly influ-
enced by fasting, and individual
treatment plans cannot be based on
casual measurements, population
comparisons are useful to elucidate
temporal trends. Possible bias be-
cause of the use of nonfasting values
would most likely be random (non-
differential) and therefore, would
bias the results toward the null hy-
pothesis, ie, of no significant change
of triglyceride levels over time.

In conclusion, we observed a sig-
nificant decrease in total cholesterol
levels among firefighters after 4
years of follow-up, partly attribut-
able to increased lipid-lowering
medication use. Serum triglycerides
and BMI were increased at follow-up
and require further investigation and
monitoring. HDL and LDL choles-
terol were found to be abnormal for a
considerable proportion of firefight-
ers, and only a small number of these
cases were receiving lipid-lowering
medications. Occupational and pri-
mary care physicians need to be
aware of these findings because cor-
onary heart disease continues to ac-
count for ~45% of on-duty deaths®
and for ~36% of lifetime mortality
in firefighters.>”* Therefore, fire-
fighters should be managed aggres-
sively according to current evidence-
based medical standards. Certain
administrative measures, such as the
encouragement of exercise pro-
grams, delivery of appropriate diet
schedules, and cardiovascular dis-
ease risk factor screening programs
in fire departments, would also help
improve the current risk factor pro-
file of firefighters and prevent ad-
verse health outcomes.
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