
D
ow

nloaded
from

http://journals.lw
w
.com

/joem
by

BhD
M
f5ePH

KbH
4TTIm

qenVL+IU
sT0D

H
65ndri78Ltt2cH

r/50W
ZKD

819zEVyYSdTdLLZE35rbsLU
=
on

04/11/2019

Downloadedfromhttp://journals.lww.com/joembyBhDMf5ePHKbH4TTImqenVL+IUsT0DH65ndri78Ltt2cHr/50WZKD819zEVyYSdTdLLZE35rbsLU=on04/11/2019

Firefighters’ Blood Pressure and Employment
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We evaluated the association between hypertension and changes in
employment status in 334 hazardous materials firefighters. Firefighters
were categorized by blood pressure (BP) at baseline (1996 or 1997) and
subsequent follow-up examinations (1997, 1998, and 1999). They
were followed up for a maximum of 4 years for possible adverse outcomes
(death, placement on “injured-on-duty” status, termination of duty,
resignation, retirement, or incident cardiovascular disease). In several
analytic models, we found that firefighters with stage II hypertension
(BP � 160/100 mm Hg) were consistently 2 to 3 times more likely to
experience an adverse outcome compared with those with normal BP.
Cox proportional-hazards regression was used to adjust for age, body
mass index, smoking, cholesterol, and antihypertensive medication. In
these models, the hazard ratio for stage II hypertension was 3.2 (95%
confidence interval [CI], 1.50 to 7.04, P � 0.003) and for untreated
stage II hypertension, it was 4.6 (95% CI, 2.08 to 10.11, P �
0.0002). Firefighters with a BP � 160/100 mm Hg should receive
further evaluation and demonstrate improved BP control before being
determined fit for duty. (J Occup Environ Med. 2002;44:669–676)

U ntreated high blood pressure is a
recognized risk factor for cardiovas-
cular disease and mortality,1–4 with
higher risks associated with increas-
ing blood pressure.5 Because uncon-
trolled hypertension poses health
risks and may jeopardize public
safety through sudden incapacitation,
blood pressure control is a major
criterion in medically determining
fitness for duty in firefighters, com-
mercial drivers, pilots, and other pro-
fessions.6–11 Although research has
characterized the risk of developing
hypertension and cardiovascular dis-
ease in occupational settings,12–18

little is known about the relation
between high blood pressure, occu-
pational safety, and employment sta-
tus.19

The National Fire Protection As-
sociation (NFPA), the US Depart-
ment of Transportation (DOT), and
the Commonwealth of Massachu-
setts Human Resources Division
have established blood pressure
guidelines for firefighters, commer-
cial drivers, and policemen and fire-
fighters, respectively. Lacking evi-
dence from occupational cohorts,
their cutoff criteria for acceptable
blood pressure are based on general-
izations from nonoccupational set-
tings. Each expert panel, however,
reached different conclusions. The
NFPA specifies acceptable blood
pressure as a systolic blood pressure
(SBP) �180, a diastolic blood pres-
sure (DBP) �100 mm Hg, and no
target-organ damage.20 The DOT
stipulates that commercial drivers
are medically qualified if their SBP
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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.21 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.22

While objective, numerical criteria
may simplify the medical examiner’s
task by sparing subjective human
judgement,23 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.10,23 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

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)5 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 I hypertension
(140 �SBP � 160 mm Hg and/or 90
�DBP � 100 mm Hg), and the third
category was stage II 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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dent cardiovascular disease events
(coronary heart disease or significant
arrhythmia potentially interfering
with duty) was collected by system-
atically reviewing the medical exam-
ination summaries. The following
possible changes in employment sta-
tus were included as a summary out-
come measure: death, placement on
injured-on-duty status, termination
of duty, resignation, retirement, and
incident cardiovascular disease
events.

Statistical Analyses
Statistical analyses were per-

formed using SAS software (version
6.12)24 and SPSS version 9.0.25 T
test and chi-square tests were used to
compare the differences in risk fac-
tors between the blood pressure cat-
egories. Person-years of follow-up
were calculated from the baseline
examination (1996) until the end of
the study’s follow-up period, which
ended with the annual fall examina-
tion of 2000. Individual person-years
subsequent to each examination were
excluded if a firefighter had been
found medically unfit for duty, was
otherwise occupationally inactive, or

on injured-on-duty status at the time
of the index examination. Cox pro-
portional-hazards regression models
(adjusted for age, smoking, body
mass index [BMI], total cholesterol,
and blood pressure medication use)
were used to evaluate the association
between blood pressure and the risk
of adverse employment status
change.

We generated several separate
models using either dichotomous
measures for blood pressure
(�140/90 mm Hg or �160/100 mm
Hg) or a three-category blood pres-
sure variable. Effect modification
was also evaluated using age, BMI,
and antihypertensive medication as
possible modifiers. Stratified analy-
ses were performed for two different
BMI categories and among those
who were taking versus those who
were not taking antihypertensive
medications.

Results
The 334 firefighters included in

our study were followed up for an
average of 3.8 years (range, 1 to 4
years) and generated 1,262 person-
years of follow-up. Their initial

mean age was 39 � 7 years (range,
20 to 58 years), and the vast majority
were men (n � 331). At baseline,
66% had optimal or normal blood
pressure (SBP � 130 mm Hg and
DBP � 85 mm Hg), 17% had high-
normal readings (130 �SBP � 140
mm Hg and/or 85 �DBP � 90 mm
Hg), and 15% had stage I hyperten-
sion according to the JNC-VI guide-
lines. Only nine firefighters (2.7%)
at baseline were found to have stage
II hypertension (SBP � 160 mm Hg
and/or DBP � 100 mm Hg). The
highest SBP observed at any exami-
nation was 180 mm Hg, and the
highest DBP was 114 mm Hg.
Among the 26 firefighters with any
stage II readings (1996–1999), 23%
had both systolic and diastolic stage
II readings, 23% had stage II systolic
readings alone, and 54% had stage II
diastolic readings alone.

Table 1 describes the baseline
characteristics of the study popula-
tion by summary blood pressure cat-
egories for all examinations from
1996 to 1999. Firefighters with
higher blood pressure were signifi-
cantly older (P � 0.001) and more
obese (P � 0.004) compared with

TABLE 1
Characteristics of the Hazardous Materials Firefighters by Blood Pressure Category (N � 334)

n

Blood Pressure Categories (mm Hg)

P Value

Normotensive at All
Exams (SBP < 140

and DBP < 90)
(n � 215)

Any Stage I
Hypertensive Reading

(140 < SBP < 160
and/or 90 < DBP < 100)

(n � 93)

Any Stage II
Hypertensive Reading

(SBP > 160 and/or
DBP > 100)

(n � 26)

Age (mean � SD) 334 38.0 � 6.6 41.2 � 7.0 43.0 � 7.1 �0.001
SBP (mean � SD) 334 118 � 10 129 � 12 142 � 16 �0.001
DBP (mean � SD) 334 76 � 8 82 � 9 91 � 10 �0.001
BMI, (kg/m2) [n (%)] 327 0.004

�25 Normal [36 (17%)] [6 (7%)] [0]
25–29 Overweight [115 (55%)] [46 (50%)] [12 (48%)]
�30 Obese [60 (28%)] [39 (43%)] [13 (52%)]

Cholesterol [n (%)] 296 0.481
�200 mg/dL [60 (31%)] [21 (27%)] [6 (24%)]
200–239 mg/dL [74 (38%)] [27 (35%)] [7 (28%)]
�240 mg/dL [60 (31%)] [29 (38%)] [12 (48%)]

Creatinine (mg/dL), (mean � SD) 333 1.1 � 0.2 1.1 � 0.2 1.1 � 0.1 0.928
Smoking [n (%)] 333 0.896

Nonsmoker [193 (90%)] [83 (89%)] [24 (92%)]
Current smoker [21 (10%)] [10 (11%)] [2 (8%)]

SBP, systolic blood pressure, and DBP, diastolic blood pressure, are in mm Hg. Ages are in years.
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those with normal blood pressure.
The prevalence of elevated total cho-
lesterol was not significantly differ-
ent among the blood pressure cate-
gories; however, we observed a
dose–response trend (P � 0.093) of
increasing cholesterol by increasing
blood pressure.

During 4 years of follow-up, 52
firefighters experienced adverse
changes in their employment status.
Twenty-five firefighters resigned at
some point during the study period;
19 firefighters were placed on in-
jured-on-duty status; three were ter-
minated from their duties; two were
removed from the hazardous materi-
als teams; one died on duty; and two
experienced cardiovascular disease
events.

Table 2 summarizes years of fol-
low-up and adverse events for the
entire study period based on blood
pressure categories as described in
Table 1 from the 1996 to the 1999
examinations. Adverse events for the

entire study period were more fre-
quent for those with any stage II
hypertension readings (31%) com-
pared with the other two groups
(10% to 16%) (P � 0.029). Consid-
ering only obese firefighters or those
not taking antihypertensive medica-
tions further increased the risks of
adverse events. When both nonobese
firefighters and those taking antihy-
pertensive medications were ex-
cluded, the rate of adverse events
was 60% for obese persons with any
stage II hypertension readings com-
pared with 15% to 22% among obese
subjects in stage I hypertension and
normotensive groups (P � 0.013).

Table 3 examines the risk of an
adverse event before the next fol-
low-up examination, based on the
single blood pressure recorded at the
preceding examination. For firefight-
ers with a stage II hypertension read-
ing, the rate of events before the next
examination was 10.8 per 100 per-
son-years (P � 0.05) compared with

those with normal and stage I hyper-
tension readings pooled. Again, fur-
ther increases in risk were observed
for stage II readings among obese
firefighters and those with untreated
hypertension. When nonobese fire-
fighters and persons taking antihy-
pertensive medications were ex-
cluded, the rate of adverse events
after a stage II reading was 21 events
per 100 person-years. Again, this
was significantly higher (P � 0.05)
than the pooled rate for obese fire-
fighters in the two groups with lower
blood pressure.

Cox proportional-hazards regres-
sion models adjusting for age, BMI,
smoking, cholesterol, and antihyper-
tensive medication are presented in
Table 4. Stage II hypertension was a
significant predictor of adverse
events in all models. We found that
firefighters with stage II hyperten-
sion readings, at any examination,
were 3.2 (95% confidence interval
[CI], 1.50 to 7.04) times more likely

TABLE 2
Employment Status Changes Between 1996 and 2000 Based on Blood Pressure Categories at 1996–1999 Examinations
(N � 334)

n

Blood Pressure Categories (mm Hg)

P Value

Normotensive
at All Time

Points
(n � 215)

Some Stage I
Hypertensive

Readings
(n � 93)

Any Stage II
Hypertensive

Readings
(n � 26)

Total years of follow-up, 1996–2000, or
prior to a change in work status

334

1 2 (1%) 2 (2%) 2 (8%) 0.022
2 11 (5%) 2 (2%) 1 (4%)
3 16 (7%) 9 (10%) 6 (23%)
4 186 (87%) 80 (86%) 17 (65%)

Adverse events 334
No event 180 (84%) 84 (90%) 18 (69%) 0.029
Event 35 (16%) 9 (10%) 8 (31%)

Adverse events (those on BP medication
excluded)*

314

No event 178 (85%) 75 (90%) 13 (62%) 0.005
Event 32 (15%) 8 (10%) 8 (38%)

Adverse events (excludes BMI � 30)† 112
No event 46 (77%) 34 (87%) 7 (54%)
Event 14 (23%) 5 (13%) 6 (46%) 0.013

Adverse events (excludes BMI � 30 and
BP medication use)

102

No event 46 (78%) 28 (85%) 4 (40%)
Event 13 (22%) 5 (15%) 6 (60%) 0.042

* Excludes firefighters who were receiving an antihypertensive medication in 1996.
† Excludes all firefighters with a body mass index (BMI) � 30.
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to experience an adverse employ-
ment status change compared with
those with normotensive readings.
The hazard ratio increased to 4.6

(95% CI, 2.08 to 10.11) among fire-
fighters with stage II hypertension
who were not taking antihyperten-
sive medications. This dose–r-

esponse model demonstrated that
only stage II hypertension readings
were significantly associated with
higher risks of employment status
changes. Neither age (hazard ratio,
1.0; 95% CI, 0.95 to 1.02) nor the
interaction of age and hypertension
(hazard ratio, 1.0; 95% CI, 0.99 to
1.02) were significant predictors of
adverse events in multivariable-
adjusted regression.

Discussion
To our knowledge, this is the first

study to prospectively examine
blood pressure control and changes
in employment status. Using various
methods of analysis, we found that
firefighters with stage II hyperten-
sion (BP � 160/100 mm Hg) were
consistently 2 to 3 times more likely
to experience an adverse event than
firefighters with normal blood pres-
sure. This finding persisted after ad-
justment for a number of possible
confounders. Therefore, our results
provide evidence-based support for
using �160/100 mm Hg as a cutoff
criterion for occupationally accept-
able resting blood pressure among
firefighters. Only a single systolic
reading exceeded the NFPA systolic

TABLE 3
Employment Status Changes Between 1996 and 2000 per Person-Years of Follow-Up in Different Blood Pressure
Categories at Each Individual Examination 1996–1999

Adverse Events Person-Years

Blood Pressure Categories (mm Hg)

(P Value*)
Normotensive

Readings

Stage I
Hypertension

Readings

Stage II or
Higher

Readings

All firefighters
Events/person-years 1,262 40/1,049 8/176 4/37
Events/100 person-years 3.81 4.54 10.81 (�0.05)

On BP med excluded† 1,186
Events/person-years 37/1,003 7/156 4/27
Events/100 person-years 3.68 4.48 14.81 (�0.005)

Excludes BMI � 30‡ 413
Events/person-years 17/320 5/72 3/21
Events/100 person-years 5.3 6.9 14.3 NS

BMI � 30‡ or on BP med
excluded†

376

Events/person-years 16/300 5/62 3/14
Events/100 person-years 5.3 8.1 21.4 (�0.05)

* Fisher’s exact tests comparing adverse events in stage II vs normal and stage I hypertension categories combined.
† Excluding firefighters who were receiving an antihypertensive medication in 1996.
‡ Excluding all firefighters with a body mass index (BMI) � 30.

TABLE 4
Multivariable-Adjusted Hazard Ratios and 95% CIs for the Association of
Hypertension and Change in Employment Status in Hazardous Materials
Firefighters (N � 334)*

Hazard Ratios
(95% CI) P Value

Hypertension (model 1)† 1.4 (0.85–2.35) 0.19
Stage II Hypertension (model 2)‡ 3.1 (1.47–6.60) 0.003

Firefighters with BMI � 30 3.0 (1.12–8.07) 0.03
Firefighters with no medication use for BP 4.2 (1.96–8.81) 0.0002

Hypertension (model 3)§
Stage I hypertension 0.9 (0.48–1.57) 0.6
Stage II or higher 3.2 (1.50–7.04) 0.003
Firefighters with BMI � 30

Stage I hypertension 1.1 (0.52–2.30) 0.8
Stage II or higher 2.9 (1.06–8.09) 0.04

Firefighters with no medication use for BP
Stage I hypertension 0.8 (0.40–1.50) 0.45

Stage II or higher 4.6 (2.08–10.11) 0.0002

* Adjusted for age (continuous), smoking (yes/no), total cholesterol (continuous), body
mass index (BMI, continuous), and blood pressure (BP) medication use (yes/no).

† Hypertension was defined as a dichotomous variable with BP � 140/90 mm Hg as the
reference category.

‡ Hypertension was defined as a dichotomous variable with BP � 160/100 mm Hg as the
reference category.

§ Hypertension was defined as a three-category variable. Normal BP (BP � 140/90 mm
Hg) was used as the reference category. Stage I hypertension (140/90 � BP � 160/100 mm
Hg) and stage II hypertension or higher (BP � 160/100 mm Hg) were compared with the
reference category to explore possible dose–response relationships.
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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 II
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%),26 perhaps be-
cause of the healthy worker effort.27

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.

Our 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. Despite written pro-
tocols for medical surveillance, we
know that not all physicians fol-
lowed the same fitness determination
practices.10 Therefore, their clinical
practices regarding uncontrolled hy-
pertension may have differed also.
When we adjusted for the examining
hospital, however, the significantly

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.28

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,29

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.

Our 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,30 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

674 BP and Employment Status in HazMat Teams • Kales et al



studies have shown that cardiovascu-
lar risk factors may cluster together
in certain groups, especially hyper-
tensives.31–34 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.35,36 Myo-
cardial infarctions are the most
common cause of on-duty fatalities
among firefighters, accounting for
45% of deaths,37 and risk factor
identification and management could
reduce mortality.38 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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