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Abstract

Purpose To investigate whether working conditions (num-
ber of 24-h shifts, number of calls, sedentary work, job
strain, effort-reward imbalance, and physical demands) are
associated with elevated blood pressure and hypertension
among professional firefighters.

Methods A total of 330 (321 males and 9 females) fire-
fighters were chosen for this study among the Southern
California firefighters who participated in a work and
obesity project. Working conditions were measured with
a firefighter-specific occupational health questionnaire.
Blood pressure was clinically assessed, and hyperten-
sion was defined according to the contemporary standard
classification.

Results About 11 % of the firefighters had hypertension.
Fifty percent of the hypertensive firefighters (mostly mild
hypertensive) had uncontrolled high blood pressure. Hyper-
tension was more prevalent in male, older, and high-rank
firefighters and firefighter who reported low numbers of
daily calls. In male firefighters who were normotensive
or hypertensive without taking anti-hypertensive medica-
tion, additional 24-h shifts in the past month increased the
risk of elevated diastolic blood pressure (DBP) than those
who reported a standard work schedule (eight to eleven
24-h shifts). Particularly, firefighters who reported sixteen
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24-h shifts had 5.0 mmHg higher DBP (p < 0.01). Body
mass index attenuated the association between number of
shifts and blood pressure to some extent. Firefighters who
reported “increased job demands over the past years” had
3.0 mmHg (p = 0.06) higher systolic blood pressure. Other
working conditions were not associated with elevated blood
pressure and hypertension.

Conclusions Many additional 24-h shifts and increased job
demands were risk factors for elevated blood pressure in
male firefighters. Optimal collective and individual work-
load and improved hypertension management are warranted
for enhancing the cardiovascular health of firefighters.

Keywords Job strain - Effort-reward imbalance -
Hypertension - Body mass index - Anti-hypertensive
medication - Health-related behaviors

Introduction

Hypertension is a well-established risk factor for coronary
heart disease, stroke, and total mortality in both general
populations (Chobanian et al. 2003; James et al. 2014) and
firefighters (Geibe et al. 2008; Kales et al. 2007; Yang et al.
2013). About 1.2 million firefighters are among the occu-
pational groups with high hypertension prevalence in the
USA (Davila et al. 2012). However, little is known about
the occupational risk factors for hypertension or elevated
blood pressure among firefighters (Feairheller 2015), which
is an essential information for building a comprehensive
prevention strategy to address hypertension or elevated
blood pressure, and CVD among firefighters.

Kales et al. (2009) proposed four possible occupational
risk factors for hypertension among US emergency respond-
ers, including firefighters: shift work (including overtime
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work), irregular physical exertion including sedentary work,
noise exposure, and job strain (a combination of high job
demands and low job control). However, there are no epide-
miological studies of firefighters that examine the suggested
occupational risk factors in relation to clinically assessed
high blood pressure or hypertension. Also, some of the sug-
gested occupational risk factors may no longer be relevant
to contemporary US firefighters. For example, the proposed
relationship between job strain and hypertension by Kales
et al. (2009), based on the Quality of Employment Surveys
in the 1970s, may no longer be relevant due to a substan-
tial change (expansion) of firefighter occupational roles as
first respondents dealing with non-fire medical emergency
calls as well as fire-related calls since the 1970s (Choi et al.
2011). Choi et al. (2014a) reported that most professional
firefighters from Southern California reported high physi-
cal and psychological job demands as expected, but also
reported high job control rather than low job control.

Furthermore, despite some evidence for shift work or
overtime work as a risk factor for clinically assessed high
blood pressure or hypertension in non-firefighter work-
ing populations (Hayashi et al. 1996; Kubo et al. 2013;
Nakamura et al. 2012; Ohlander et al. 2015; Ohira et al.
2000; Sakata et al. 2003; Souza et al. 2015; Su et al. 2008;
Suwazono et al. 2008), none of the studies examined the
impact of the unique shift schedules of most US profes-
sional firefighters who work a 24-h shift work schedule,
including frequent additional/overtime 24-h shifts (Choi
et al. 2014b). Also, most of the studies have considered
only shift work or overtime as the occupational risk factor
in analyses. Thus, there is a possibility that their findings
represent a residual confounding effect due to unmeasured
occupational risk factors such as job strain, effort-reward
imbalance, and physical job demands (Gilbert-Ouimet
et al. 2014; Virkkunen et al. 2007).

The purpose of this study is to investigate whether phys-
ical and psychosocial working conditions (number of 24-h
shifts, number of calls, sedentary work, job strain, effort—
reward imbalance, and physical demands) are risk factors
for elevated blood pressure or hypertension among profes-
sional firefighters. We used the data set of the FORWARD
study (Choi et al. 2011) in which multiple occupational
hazards were examined in Southern California professional
firefighters, along with their clinical resting blood pressure.

Methods
Background: FORWARD study
The main purpose of the FORWARD study (2010-2013)

was to explore occupational and behavioral risk factors
for obesity in firefighters who work for a fire department
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in Southern California (Choi et al. 2011). The study was
strongly supported by both the fire department and a local
union of the International Association of Fire Fighters
(IAFF). The protocol of the FORWARD study was reviewed
and approved by the Institutional Review Board (IRB) of the
University of California, Irvine. All firefighters gave written
informed consent for their participation in the study. Phase I
of the study involved developing a firefighter-specific work
and health questionnaire (called hereafter the FORWARD
study questionnaire) through four focus groups with 20 fire-
fighters of different ranks from January to April 2011 (Dob-
son et al. 2013). Phase II of the study was a cross-sectional
study using the FORWARD study questionnaire and various
weight-related health outcomes measured at a university
clinic (Choi et al. 2016a). A random sample of 365 firefight-
ers (356 males and 9 females) from the total population of
about 800 firefighters in the fire department participated in
the survey (participation rate, 84 % of 436 firefighters) when
they visited the university clinic for their biennial wellness
and fitness (WEFIT) medical examinations between May
2011 and December 2012. In Phase III of the study, among
the survey participants, a random selection of 83 firefight-
ers were additionally recruited for a sub-study (participation
rate, 50 %) between September 2011 and July 2012 in which
firefighters were asked to wear a physical activity moni-
tor and record their food intake in a diary for 1 on-duty day
(24-h) and 1 off-duty day (24-h). Furthermore, for short-term
test—rest reliability of the FORWARD study questionnaire,
the sub-study participants were asked to fill out a short ver-
sion of the FORWARD study questionnaire 1-8 weeks after
they completed the full version (Choi et al. 2014a).

Firefighters for the current study (330 firefighters)

Among the 365 firefighters who participated in the FOR-
WARD study survey, we sequentially excluded the fire-
fighters who were rookies (having <1 year of employment
at the fire department) or who had special job titles (e.g.,
medical director, training officer, investigator) (N = 16),
or who did not have valid information on blood pressure
(N = 3), or who did not have valid information on the other
study variables in the current study (N = 16). Thus, 330
(321 male and 9 female) firefighters were included in the
current study. There were no substantial differences in
age, gender, rank, race/ethnicity, education, and systolic
and diastolic blood pressures between the 330 firefighters
selected for this study and the 365 firefighters who origi-
nally participated in the FORWARD study.

Study outcome: blood pressure and hypertension

Firefighter resting blood pressures were measured by
experienced nurses at the WEFIT clinic with an aneroid
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sphygmometer (Welch Allyn CE0050) based on a stand-
ard assessment protocol (5 min rest in a sitting position).
Blood pressure (BP) was measured twice consecutively
with a time interval of 1 min and averaged for analysis.
Hypertension (HT) was defined as systolic blood pressure
(SBP) >140 mmHg, >90 mmHg of diastolic blood pres-
sure (DBP), or taking anti-hypertensive medication (Cho-
banian et al. 2003).

Main exposures: working conditions

Working conditions of the firefighters were measured with
the FORWARD study questionnaire: number of 24-h shifts
in the past month, number of calls on a typical 24-h shift,
sedentary work, psychological job demands, job control,
extrinsic effort at work, rewards, and physical job demands.
On a typical 24-h shift (e.g. from 0800 to 0800), firefighters
can sleep at night at the fire station, but frequently they can
be woken for emergency calls. The standard shift schedule
is 10-11 24-h shifts per month; however, many firefighters
work voluntarily and involuntarily additional 24-h shifts
beyond their standard work schedule (Choi et al. 2014b).
Number of 24-h shifts in the past month (including over-
time, backfill and/or shift trade) was measured with one
item each. The reference group was those who reported
8—11 shifts in the past month with consideration of the
standard work schedule (10-11 shifts per month) and the
possibility of missing up to 2 shifts due to urgent non-duty
issues. Among the 30 firefighters in the reference group,
1 firefighter reported 8 shifts and 3 firefighters reported 9
shifts in the past month. The 17 firefighters who reported

0-6 shifts in the past month were those who worked at
headquarters (N = 4), or those who worked at fire stations
(N = 13) and had just returned to work after a long break
or an occupational injury. Sedentary work was measured
with the single item (“My job often requires sitting for
long periods of time.”) with the four-point Likert response
set (strongly disagree to strongly agree) drawn from the
MIDUS II study (Choi et al. 2010; Ryff et al. 2007). The
number of calls on a typical 24-h shift was measured with a
single question and divided into three groups (low, medium,
and high) based on tertiles for analyses (see Table 1).

Job control (5 items), psychological job demands (5
items), physical job demands (1 item), extrinsic effort
(2 items), and reward (4 items) were measured with the
standard items of the Job Content Questionnaire (JCQ)
(Karasek et al. 1985) and the Effort-Reward Imbalance
Questionnaire (ERIQ) (Siegrist et al. 2004). Generally,
the firefighters reported high job control, high psychologi-
cal job demands, high physical job demand, high extrinsic
effort, and high job reward (Choi et al. 2014a). There was
little variation in the responses of the firefighters to each
of the JCQ and ERIQ items (Choi et al. 2014a). However,
there were four items showing some response variation
(i.e., >20 % of agree/strongly agree or disagree/strongly
disagree): 1 JCQ job control (“lot of say”) and 2 JCQ psy-
chological job demands items (“not asked to do an exces-
sive amount of work” and “conflicting demands”) and 1
ERIQ extrinsic effort item (“Over the past years, my job
has become more and more demanding,” hereafter called
“more demanding job over the past years”). Thus, the anal-
yses were conducted with the 4 (3 JCQ and 1 ERIQ) items

Table 1 Distributions of blood pressure and hypertension among 330 (321 males and 9 females) professional firefighters

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Mean (SD) <120 120-139 140-159 160-168 Mean (SD) <80 80-89 90-99 100-101
[@M)]  [%M]  [% @) [% V)] (@) [%MN] [ @)]  [% (V)]
Total (N = 330, 111.9 (11.8) 75.5(249) 21.8(72) 24@8) 03(1) 758(7.6) 60.6 (200) 34.8 (115) 3.6(12) 09(3)
100 %)
Non-hypertensive 110.0%*** (9.6)  81.6 (240) 18.4 (54) TAT#¥(6.7) 66.3 (195) 33.7 (99)
(N =294,
89.1 %)
Hypertensive 127.6%%*%% (16.1) 25.0(9)  50.0 (18) 22.2(8) 2.8(1) 85.0%**(8.9) 13.9(5) 44.4(16) 33.3(12) 83(3)
(N =36,
10.9 %)
Taking anti-hypertensive medications?
Yes (N = 24, 121.0%#%°(12.9) 37.5(9) 54.2(13) 83(2) 81.3%+2(7.9) 20.8(5) 583 (14) 20.8(5)
6.7 %)
No (N =12, 140.7%+%%° (13.8) 417(5) 50.0(6) 83(1) 92.3*¥x(538) 16.7(2) 583(7) 250()
3.6 %)

All female firefighters were non-hypertensive

##58 p <0.01 at ANOVA test between non-hypertensives and hypertensives

#+50 1) < 0.01 at ANOVA test between anti-hypertensive medication takers and non-takers
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showing some response variation at the item level as well
as with the scales; job control, psychological job demands,
and job strain (the combination of low job control and high
psychological job demands using the median cut-points),
extrinsic effort, reward, and effort-reward imbalance (the
combination of high effort and low rewards using the
median cut-points). Physical demand (“My job requires lots
of physical effort”) was also included in analyses, although
95.7 % of the firefighters agreed or strongly agreed to the
questionnaire item.

The responses of firefighters to the questionnaire items
of the aforementioned working conditions were stable dur-
ing 1-8 weeks (Choi et al. 2014a, 2016a) or were validated
against objective measures (sitting time from physical
activity monitors or administrative call records of the fire
department) (Choi et al. 2016a).

Health-related behaviors at work and during the leisure
time

Exercise (i.e., moderate or vigorous level of physical activ-
ity for more than 30 min) at fire station (1 item) or during
leisure time (1 item), consumption of high-fiber fruits and
vegetables (1 item), smoking or using tobacco products (1
item), sleep hours at fire station (1 item), and sleep hours at
home (1 item) were measured with the FORWARD study
questionnaire. Detailed information about these items was
described in our previous study (Choi et al. 2016b). The
information on the use of anti-hypertensive medications
and alcohol consumption was extracted by the research
team staff from firefighters’” WEFIT medical examination
records. Since the proportion of heavy alcohol drinkers (>2
drinks per day) was very low (<3 %), they were grouped
together with the moderate alcohol drinkers for the multi-
variate analyses (see below).

Mental health and obesity

Mental health was measured with the standard 12-item
General Health Questionnaire (GHQ) (Goldberg 1972).
The GHQ items were scored according to the 0-1-2-3 scor-
ing formula. The high- and low-psychological-distress
groups were defined using the median of the GHQ scores.
Post-traumatic syndrome (PTSD) was measured with the
standard four items (Prins et al. 2003), and cases were
defined as firefighters who agreed on all or three out of the
four items. Kales et al. (2009) listed PTSD as a possible
risk factor for hypertension among emergency respondents,
including firefighters. The adiposity of the firefighters was
assessed by an experienced exercise physiologist during
their WEFIT medical examinations using three different
measures, including body mass index (BMI), waist cir-
cumference (WC), and body fat percent (BFP) (Choi et al.

@ Springer

2016b). In the current study, the results of BMI were very
similar to those using WC and BFP. Thus, only the results
with BMI are presented here. In our previous study (Choi
et al. 2016a), the number of 24-h shifts in the past month
was associated with all three adiposity measures.

Other variables

Age, race/ethnicity (whites and non-whites), education,
job title, and worksite (fire station and headquarters) were
measured with questions in the FORWARD survey ques-
tionnaire. For the multivariate analyses, job title was sim-
plified into two groups based on similar rank and tasks
(firefighters/firefighter apparatus engineers and captains/
chiefs).

Statistical analyses

We examined first the distributions of BP and HT among
the firefighters. The univariate associations of the study
variables, including working conditions, with BP and HT
were examined by analysis of variance (ANOVA) and Chi-
squared test, respectively, in the whole sample of firefight-
ers (N = 330). These univariate analyses were replicated
by gender, the use of anti-hypertensive medication, and the
worksite, due to the protective effect of estrogen against
hypertension in premenopausal women (Maas and Franke
2009) and the influence of anti-hypertensive medication on
BP (Mackenzie et al. 2009). In addition, four firefighters
who worked at headquarters and did not typically work a
24-h schedule were older (on average, 6 years) than fire-
fighters working at a fire station and were all captains or
chiefs.

The multivariate analyses for BP were conducted in a
subsample of male firefighters (N = 294) who worked at
a fire station and were not taking anti-hypertensive medi-
cation. Due to the small sample sizes of female firefight-
ers (N = 9), firefighters working at headquarters (N = 4),
and firefighters who worked at a fire station and were
taking anti-hypertensive medication (N = 22), they were
excluded from the multivariate analyses for BP. Only
the variables that were at least marginally (p < 0.20)
significant risk factors for SBP and DBP in the univari-
ate analyses were considered in the multivariate analy-
ses. The working condition variables, if significant in the
univariate analyses, were examined in relation to SBP
and DBP using the following multivariate models: after
adjustment for the other psychosocial working conditions
and sociodemographic variables (Model 1) and addition-
ally after adjustment for health-related behaviors, sleep,
mental health variables, and BMI (Model 2). The second
adjustment procedure was to see any mediation effects of
health-related behaviors, sleep, mental health variables,
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and BMI on the associations between psychosocial work-
ing conditions and BP (Ohlander et al. 2015). The final
multivariate models for Model 1 and Model 2 were deter-
mined with the four indicators (R square, sum of squares
for error, estimated error variance, and Mallows’s Cp)
about the explanatory power and parsimoniousness of the
competing multivariate models (Kleinbaum et al. 1998,
pp 390-392). Analysis of covariance (ANCOVA) was
used for the multivariate analyses with BP, and if neces-
sary, subsequently pairwise comparisons (Rothman 1990)
were conducted.

The multivariate analyses for HT were conducted in the
317 male firefighters at fire stations (excluding 9 female
firefighters and 4 male firefighters working at headquarters)
with Cox’s proportional hazards models (Breslow 1974;
Lee and Chia 1993) including the variables that were sig-
nificant in the univariate analyses.

Results
Distributions of SBP, DBP, and HT

Among the 330 firefighters, the means of SBP and DBP
were 111.9 &+ 11.8 and 75.8 £ 7.6 mmHg, respectively
(Table 1). Thirty-six male firefighters (10.9 %) had hyper-
tension. Among those with hypertension, two-thirds were
taking anti-hypertensive medication, while a third were
not taking anti-hypertensive medication. Fifty percent
of the 36 firefighters with hypertension had uncontrolled
blood pressures (>140 mmHg for systolic blood pressure
or >90 mmHg for diastolic blood pressure): 12 firefighters
with hypertension were not taking anti-hypertensive medi-
cation, and 6 firefighters with hypertension were taking
anti-hypertensive medication. However, most of the fire-
fighters with uncontrolled blood pressure had mild hyper-
tension (140-159 mmHg for SBP and 90-99 mmHg for
DBP). There was a significant difference in SBP and DBP
between those firefighters with and without hypertension
and also between firefighters who were and were not taking
medications for hypertension (Table 1).

The univariate associations of the study variables
with SBP and DBP among 330 firefighters

The detailed distributions of the study variables among the
330 firefighters are presented in Table 2. The mean ages
of 321 male and 9 female firefighters were 42.0 &+ 8.6 and
37.8 £ 7.9 years, respectively. Most firefighters are white,
have some college or were high school graduates, firefight-
ers/engineers, and worked at fire stations.

As expected, both SBP and DBP were significantly
higher in older firefighters, male firefighters, firefighters

taking anti-hypertensive medication, and obese firefight-
ers (Table 2). SBP was significantly higher in firefighters
having some college or high school education, and fire-
fighters working at the headquarters (who were older and
captains/chiefs). DBP was significantly lower in the fire-
fighters reporting 5-6 servings of high-fiber fruits and veg-
etables per day compared to those reporting fewer servings
of high-fiber fruits and vegetables per day. Less exercise at
work and during leisure time, and smoking/using tobacco
products were marginally (p < 0.20) associated with DBP,
while they were not associated with SBP. Sleep hours at the
fire station and at home, psychological distress, and PTSD
were not associated with BP.

BP did not vary much by sedentary work and number
of calls on a typical 24-h shift (Table 2). Also it did not
change much by job strain, job control, psychological job
demands, the 3 JCQ items showing some response varia-
tion, effort, reward, effort-reward imbalance, and physical
demands (not shown here).

However, BP was higher in the firefighters who reported
12-21 shifts or 0-6 shifts (which included four firefight-
ers who worked at headquarters and thirteen firefighters
who worked at fire stations) than in those who reported
the standard work schedule (811 shifts) in the past month
(Table 2). When we restricted the analysis to the 295 male
firefighters who worked at fire stations and were not tak-
ing anti-hypertensive medication (Table 3A), there were a
marginally significant difference in SBP (p = 0.095) and a
significant difference in DBP (p = 0.038) among the fire-
fighters by the number of 24-h shifts in the past month.
Interestingly, both SBP and DBP were higher in the fire-
fighters who reported 0—6 shifts in the past month than in
those who reported 8—11 shifts or 12-21 shifts in the past
month. In addition, compared to the standard work sched-
ule group, two subgroups of the 12-21 shifts group (14
shift and 16 shifts groups) had significantly higher blood
pressure: 4.9-5.6 mmHg for SBP and 4.2-6.7 mmHg for
DBP (Table 3A; Fig. 1). Among the 22 male firefighters
who worked at fire stations and were taking anti-hyper-
tensive medication, SBP and DBP were also greater in the
firefighters who reported 12-21 shifts than in those who
reported 8—11 shifts in the past month. However, the dif-
ferences in DBP by the number of 24-h shifts in the past
month were much smaller in the 22 male firefighters who
worked at fire stations and were taking anti-hypertensive
medication than in the 295 male firefighters who worked
at fire stations and were not taking anti-hypertensive
medication.

With regard to the ERIQ item (“more demanding
job over the past years), SBP was 2.6 mmHg higher
(p = 0.059) in the firefighters who agreed or strongly
agreed to the item than in those who disagreed or
strongly disagreed among the 295 male firefighters
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Table 2 Distributions of study variables, systolic and diastolic blood pressures, and hypertension in 330 (321 males and 9 females) professional

firefighters
Study variables  Category Subcategory % (N = 330) Systolic BP, mm Diastolic BP, mm Hypertension (%)
Hg: M (SD) Hg: M (SD)
Sociodemo- Age 25-34 25.2 109.6 (9.8)*** 73.0 (7.1)*** 1.2%%**
graphic
35-44 31.8 110.4 (10.3)*** 75.5 (7.1)*** 6.7%**
45-54 37.0 113.8 (13.5)*** 77.5 (7.8)*** 17.2%%%
55-61 6.1 117.2 (13.2)%** 79.6 (7.7)*** 35.0%#*
Sex Men 97.3 112.2 (11.8)*** 76.0 (7.6)** 11,20k
Women 2.7 100.0 (5.2)%*** 70.6 (7.9)** 0.0k
Race/ethnicity Non-Hispanic white 81.5 112.1 (12.2) 76.3 (7.5) 12.3*
Hispanic/Asian/others ~ 18.5 110.8 (10.2) 75.7 (1.7) 4.9%
Marital status Married or living with ~ 78.2 112.0 (11.3) 76.0 (7.6) 10.9
partner
Others 21.8 111.4 (13.6) 75.4 (7.8) 11.1
Education Some college or high 52.7 113.4 (11.8)** 76.1 (7.0) 12.6
school
College or Graduate 47.3 110.2 (11.7)** 75.5 (8.3) 9.0
school
Job title Firefighters/Engineers ~ 69.7 111.7 (11.7) 75.5(7.8) R
Captains/Chiefs 30.3 112.2 (12.2) 76.7 (7.3) 19.0%#:*
Worksite Fire station 98.8 111.7 (11.8)* 75.8 (7.7) 10.4%*
Headquarters 1.2 121.3 (16.2)* 77.0 (8.2) 50.0%*
Psychosocial Number of 24-h 0-6 5.2 115.6 (11.02)* 773 (5.7)* 17.6
working con- shifts in the past
ditions month
8-11 9.1 108.2 (7.3)* 73.4 (7.6)* 13.3
12-21 85.8 112.0 (12.2)* 76.0 (7.7)* 10.2
0-6 52 115.6 (11.02) 77.3 (5.7) 17.6
8-11 9.1 108.2 (7.3) 73.4 (7.5)* 13.3
12 21.5 111.2 (13.9) 76.1 (8.5)* 11.3
13 124 111.7 (11.6) 76.0 (8.3)* 17.1
14 23.3 113.5 (13.0) 76.3 (7.2)* 11.7
15 11.2 110.8 (11.1) 73.3 (6.9)* 2.7
16 10.6 113.1 (11.0) 78.3 (8.5)* 5.7
17-21 6.7 110.5 (8.0) 76.0 (4.4)* 9.1
Sedentary work Strongly disagree 8.2 112.9 (14.8) 76.0 (9.1) 74
Disagree 54.8 111.0 (10.9) 753 (7.4) 94
Agree 27.3 113.4 (12.8) 76.4 (7.6) 14.4
Strongly agree 9.7 111.8(11.4) 77.2(7.9) 11.1
Number of callson 04 28.5 111.8 (13.2) 76.3 (8.6) 22 3H*k
a typical 24-h shift
5-7 38.8 112.6 (12.5) 75.8 (7.6) 7.8%%*
8-14 32.7 111.1 (9.6) 75.5(6.9) 4.6%%%
More demanding Strongly disagree/ 30.9 110.2 (10.4)* 75.3 (6.8) 10.8
job over the past disagree
years
Agree/strongly agree 69.1 112.6 (12.4)* 76.1 (8.0) 11.0
Health-related Exercise at work >2 days/week 87.9 111.7 (11.9) 75.6 (7.7)* 10.0*
behaviors
< 1 day/week 12.1 112.8 (11.4) 77.6 (1.2)* 17.5%
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Table 2 continued

Study variables ~ Category Subcategory % (N = 330) Systolic BP, mm Diastolic BP, mm Hypertension (%)
Hg: M (SD) Hg: M (SD)
Exercise during >2 days/week 73.6 111.6 (11.3) 75.4 (7.5)* 8.6%*
leisure time
<1 day/week 26.4 112.6 (13.2) 77.2 (1.9)* 17.2%*
High-fiber fruits/ High (5-6 servings/day) 13.3 109.0 (12.4)* 73.5 (7.6)** 4.5%
vegetable con-
sumption
Low (0—4 servings/day) 86.7 112.3 (11.7)* 76.2 (7.6)** 11.9%
Smoking/users of ~ Current smokers/users ~ 10.0 113.1(11.2) 78.1 (7.9)* 15.2
tobacco products
Ex-smokers/users 25.5 112.8 (11.4) 76.6 (7.5)* 13.1
Never-smokers/users 64.5 111.3 (12.1) 75.2 (7.6)* 94
Alcohol consump-  No 13.3 111.0 (10.7) 76.3 (6.9) 6.8
tion
Moderate/Heavy” 86.7° 112.0 (12.0) 75.8 (1.8) 1.5
Antihypertensive No 92.7 111.2 (11.5)%** 75.4 (7.5)%** R
medication
Yes 7.3 121.0 (12.9)%** 81.3 (7.8)%*:* 100.0%**
Sleep and health Sleep hours at fire 25to<5h 15.8 110.9 (9.9) 75.4 (7.0) 1.9%%*
station
Sor6h 61.2 111.9 (12.2) 75.6 (7.9) 9.9k
>6 to 8.5 h® 23.0 112.4 (12.2) 76.9 (7.3) 19. 7%
Sleep hours at home 4to<7h 17.8 113.4 (13.0) 76.6 (8.1) 21.1%*
7or8h 72.6 111.9 (11.8) 75.7(7.4) 8.6%*
>8to 10 h 9.7 110.2 (10.7) 75.2 (8.7) 9.7%*
Psychological Low (0-9) 56.4 112.4 (12.6) 75.7 (8.2) 13.6*
distress
High (10-28) 43.6 111.3 (10.9) 76.1 (6.9) 7.7%
PTSD No 94.2 111.8 (11.8) 75.9 (7.7) 10.9
Yes 5.8 113.6 (12.8) 75.2 (6.5) 10.5
Obesity <30 kg/m? 77.6 110.6 (11.6)*** 74.9 (7.5)*** 8.6%*
>30 kg/m? 224 116.4 (11.5)*** 79.0 (7.3)%*** 18.9%*

*p <0.20, ** p < 0.05, and *** p < 0.01 at analysis of variance (ANOVA) test for blood pressure and Chi-square test for hypertension

# Based on the significance test of a gamma coefficient
® The percent of heavy drinkers (2.1 %) were included

¢ 1 firefighter reported 10 h of sleep

(Table 3A). However, SBP did not differ by the ERIQ
item among the 22 male firefighters who worked at
fire stations and were taking anti-hypertensive medica-
tion (Table 3B). DBP was higher in the firefighters who
agreed or strongly agreed to the item than in those who
disagreed or strongly disagreed to the item in both the
295 male and 22 male firefighters (Table 3A, B), but the
difference was marginal.

In the 9 female firefighters, there was no significant
change in BP by the number of 24-h shifts in the past
month or the ERIQ item (“more demanding job over the
past years).

Multivariate associations with SBP and DBP among the
295 male firefighters

Age, education, the number of 24-h shifts in the past
month, and the ERIQ item were included in the final Model
1. Age, education, the number of 24-h shifts in the past
month, the ERIQ item, and BMI were included in the final
Model 2. Although exercise at work and during leisure
time, consumption of high-fiber fruits and vegetables, and
smoking were at least marginally significant in the univari-
ate analyses, they turned out to be insignificant in the mul-
tivariate model (an alternative model of the final Model 2)
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Table 3 Distributions of psychosocial working conditions, systolic
and diastolic blood pressures, and hypertension in (A) 295 male fire-
fighters who worked at fire stations and were not taking anti-hyper-

tensive medications and (B) 22 male firefighters who worked at fire

station and were taking anti-hypertensive medications

Psychosocial work- Subcategory N (%) SBP (mmHg) DBP (mmHg) Hypertension (%)
ing condition — - — -
M (SD) Pairwise compari- M (SD) Pairwise compari-
son (p value) son (p value)
(A) 295 male firefighters
0-6 113.7) 1145(8.6) 0.069 77.0 (5.4) 0.062 0.0
Number of 24-h 8-11 (reference) 25(8.5) 107.1(6.3) Ref. 72.0 (6.1) Ref. 0.0
shifts in the past
month
12-21 259 (87.8) 111.7(11.7) 0.050 75.8(7.5) 0.014 4.6
ANOVA test: p 0.095 0.038
value
0-6 113.7) 1145(8.6) 0.070 77.0 (5.4) 0.060 0.0
8-11 25(8.5) 107.9(6.3) Ref. 72.0 (6.1) Ref. 0.0
12 63 (21.4) 1109 (13.6) 0.155 75.8 (8.4) 0.029 4.8
13 36 (12.2) 110.8 (10.9) 0.215 74.8 (8.0) 0.150 5.6
14 71 (24.1) 112.8(12.3) 0.031 76.2 (7.0) 0.015 5.6
15 36 (12.2) 111.4(10.8) 0.148 73.6 (6.7) 0.398 2.8
16 34 (11.5) 113.5(11.0) 0.033 78.7 (8.3) 0.001 5.9
1721 19 (6.4) 110.1(7.5) 0.382 75.8 (4.3) 0.090 0.0
ANOVA test: p 0.414 0.026
value
More demanding Strongly disagree/ 93 (31.5) 109.6 (10.1) Ref. 74.8 (6.6) Ref. 4.3
over the past years  disagree
Agree/strongly 202 (68.5) 112.3(11.8) 0.059 75.9(7.8) 0.225 4.0
agree
(B) 22 male firefighters
Number of 24-h 0-6 1(4.5) 121.0(NA) 0.826 80.0 (NA) 0.978 100
shifts in the past
month
8-11 (reference) 4(18.2) 117.5(7.5) Ref. 80.3 (12.7) Ref. 100
1221 17 (77.3) 121.4(15.0) 0.622 82.1(7.0) 0.694 100
ANOVA test: p 0.883 0.905
value
More demanding Strongly disagree/ 7(31.8) 121.0(8.1) Ref. 80.9 (8.4) Ref. 100
over the past years  disagree
Agree/strongly 15 (68.2) 120.5(15.6) 0.942 82.0(7.8) 0.757 100
agree

ANOVA analysis of variance, NA not applicable, Ref. the reference group for pairwise comparisons

also including age, education, the number of 24-h shifts in
the past month, the ERIQ item, and BMI. Also, the final
Model 2 was more parsimonious than the alternative final
Model 2, although their explanatory power was very com-
parable to each other. Thus, we chose the final Model 2
over the alternative final Model 2.

A similar pattern of BP by the number of 24-h shifts
in the past month was observed in the 295 male firefight-
ers who worked at fire stations and were not taking anti-
hypertensive medication using analysis of covariance
(ANCOVA) tests. Compared to the standard work schedule

@ Springer

group, SBP was 3.0 mmHg (p = 0.20) and 6.6 mmHg
(p = 0.10) higher in the 12-21 shifts and 0-6 shifts groups,
respectively (Model 2 in Table 4). DBP was also 2.6 mmHg
(p = 0.08) and 4.6 mmHg (p = 0.07) higher in the 12-21
shifts and 0-6 shifts groups, respectively. In the detailed
multivariate analyses after dividing the 12-21 shifts group
into the six subgroups, as in the univariate analyses, the two
subgroups (14 shifts and 16 shifts) had substantially higher
SBP and DBP than the standard work schedule group:
4.3-4.4 mmHg (p < 0.20) for SBP and 3.4-5.0 mm Hg
(p < 0.05) for DBP (Table 4; Fig. 1a, b). BMI attenuated
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Fig. 1 Associations of the number of 24-h shifts in the past month
with systolic blood pressure (a) and diastolic blood pressure (b) in
295 male firefighters who worked at fire stations and were not tak-
ing anti-hypertensive medication (the reference group: 8-11 shifts).

the association between the number of 24-h shifts in the
past month and BP to some extent, particularly in the sub-
group of firefighters who reported 17-21 shifts in the past
month (Table 4).

In the multivariate analyses as in the univariate analyses,
SBP was 3.1 mmHg higher (p = 0.06) in the firefighters who
agreed or strongly agreed to the ERIQ item (“more demand-
ing job over the past years) than in those who disagreed or
strongly disagreed among the 295 male firefighters (Table 4).
A similar pattern was observed for DBP, but the difference
(1.1 mmHg) was small (p = 0.24). Overall, BMI did not affect
the association between the ERIQ item and blood pressure.

In the final multivariate model (Model 2 in Table 4),
among the aforementioned covariates, only age and BMI
were significant (p < 0.01) risk factors for SBP and DBP.
None of the health-related behaviors in the final model
were associated with SBP or DBP.

Univariate associations of working condition variables
with HT among the 330 firefighters

Hypertension was significantly more prevalent in the fire-
fighters who reported 0—4 calls per shift than in those who
reported 5-7 calls per shift and 8—14 calls per shift (22.3
vs. 7.8 and 4.6 %, respectively). It was also more prevalent
in captains and chiefs than in firefighters and engineers.
Two out of the 4 (50 %) firefighters working at headquar-
ters were hypertensive, while the prevalence of hyperten-
sion was 10.4 % among the 326 firefighters who worked at
fire stations.

However, the number of 24-h shifts in the past month
was not associated with hypertension, although hyperten-
sion was more prevalent in the 0—6 shifts in the past month

80.0 (b) *%

7804 * N

*%

76.0

74.0

72.0

70.0 A

68.0 -

Diastolic blood pressure (mmHg)

0-6 8-11 12 13 14 15 16
(ref.)

Number of 24-hr shifts in the past month

17-21

The black bars indicate the results from the univariate analysis, and
the white bars indicate the results from the multivariate analysis after
controlling for age, education, more demanding job over the past
years, and body mass index. *p < 0.05 and **p < 0.01

than in the standard work schedule group (Table 2). Nei-
ther the ERIQ item (“more demanding job over the past
years”), nor sedentary work was associated with hyperten-
sion. The other working conditions (job strain, job control,
psychological job demands, the 3 JCQ items showing some
response variation, effort, reward, effort-reward imbalance,
and physical demands) was not associated with hyperten-
sion (not shown here).

Age, sex, race/ethnicity, exercise at work and during lei-
sure time, consumption of high-fiber fruits and vegetables,
use of anti-hypertensive medication, sleep hours at fire sta-
tion and at home, psychological distress, and obesity were
at least marginally (p < 0.20) associated with hypertension
in the univariate analyses (Table 2).

Multivariate associations of working condition
variables with HT among 317 male firefighters

The prevalence ratio of the firefighters who reported 0—4
calls on a typical 24-h shifts for hypertension was 2.39
(95 % confidence interval 0.68-8.40, p = 0.17), compared
to those who reported 8—14 calls per shift, in the multi-
variate Cox proportional hazards model (after controlling
for age, race/ethnicity, exercise at work and during leisure
time, consumption of high-fiber fruits and vegetables, sleep
hours at fire station and at home, the GHQ scores, and
BMI) among the 317 male firefighters who worked at a fire
station. Age was the only significant risk factor for hyper-
tension in the multivariate analyses among the 317 male
firefighters. In particular, the differences in the prevalence
of HT by job title, number of calls on a typical 24-h shift,
and sleep hours at home appeared to be nonsignificant
(p > 0.20) after controlling for age.

@ Springer
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Discussion

To the best of our knowledge, this is the first epidemiologi-
cal study that examines multiple physical and psychosocial
working conditions (number of 24-h shifts, number of calls,
sedentary work, job strain, effort-reward imbalance, and
physical demands) among professional firefighters in rela-
tion to clinical BP and HT. The prevalence of hypertension
was about 11 %. Half of the firefighters with hypertension
had uncontrolled high BP. None of the working conditions
were identified as a significant risk factor for HT in the cur-
rent study, although hypertension was more prevalent in
male, older, and high-rank firefighters and firefighter who
reported low numbers of daily calls. Increased job demands
over the past years and additional 24-h shifts in the past
month were associated with increased SBP and DBP,
respectively, in the male firefighters who were normoten-
sive or hypertensive without taking medication. Adiposity
(BMI) attenuated the associations between number of 24-h
shifts and DBP to some extent. Other working conditions
(number of calls, sedentary work, job strain, effort-reward
imbalance, and physical demands) were not associated with
BP or HT in the current study. This study indicates that
firefighter stakeholders should make continuous efforts to
achieve and maintain an optimal level of firefighter collec-
tive and individual workload. Also this study suggests that
hypertension management needs to be further improved
among hypertensive firefighters.

This study empirically supports that additional 24-h
shifts may increase the risk of blood pressure among pro-
fessional firefighters, which is in line with the proposition
of Kales et al. (2009). This is also consistent with the previ-
ous studies in non-firefighter working populations (Hayashi
et al. 1996; Kubo et al. 2013; Nakamura et al. 2012; Ohira
et al. 2000; Souza et al. 2015; Su et al. 2008; Suwazono
et al. 2008). However, this study is very unique in dem-
onstrating that long work hours/overtime is an independ-
ent significant risk factor among 24-h shift workers, after
adjustment for multiple other occupational risk factors (job
strain, effort-reward imbalance, and physical demands),
which has been unclear (Gilbert-Ouimet et al. 2014; Peter
et al. 1999; Virkkunen et al. 2007). Most studies on shift
work and BP was a comparison of shift workers with non-
shift (daytime) workers (Kubo et al. 2013; Ohira et al.
2000; Suwazono et al. 2008). The studies on long work
hours and BP (Hayashi et al. 1996; Nakamura et al. 2012)
were a comparison among daytime workers. Also, none of
the studies on shift work or long work hours/overtime con-
sidered other occupational risk factors (job strain, effort—
reward imbalance, and physical demands) in analyses.

On the other hand, several previous studies (Gholami
Fesharaki et al. 2014; Knutsson et al. 1988; Murata et al.
1999; Puttonen et al. 2009; Sfreddo et al. 2010) did not

support the association between shift work and BP. How-
ever, some methodological weaknesses in the studies need
to be considered. Most of the studies (Gholami Fesharaki
et al. 2014; Knutsson et al. 1988; Puttonen et al. 2009;
Sfreddo et al. 2010) were cross-sectional studies, which
are more vulnerable to a healthy worker effect (e.g.,
healthier workers recruited to shift work, switched to non-
shift work over time, or retired) than longitudinal studies.
Also none of the studies considered the use of anti-hyper-
tensive medication in analyses, which could significantly
underestimate the association between shift work and BP.
Although Murata et al. (1999) reported no significant asso-
ciation between shift work and BP in a longitudinal study
on a relatively small sample of workers (N < 200), SBP
increase over 10 years was 4 mmHg greater in shift work-
ers without hypertension than in daytime workers without
hypertension.

The association between number of 24-h shifts and
DBP in the current study did not appear to be mediated
by health-related behaviors (eating, exercise, and sleep
hours), psychological distress, and PTSD. However, BMI
(and other adiposity measures) attenuated the association
between number of 24-h shifts and BP to some extent, par-
ticularly in the firefighters who reported 17-21 shifts in the
past month in the current study. It is similar to the study
by Ohlander et al. (2015) in German autoworkers where
the impact of shift work without nights (vs. day shifts) on
hypertension was significantly mediated by BMI and physi-
cal inactivity. However, the significant associations of 14
and 16 shifts in the past month with DBP, after adjustment
for BMI, points to another possible mechanism by which
many additional 24-h shifts may increase DBP in profes-
sional firefighters: frequent circadian misalignment. Mean
arterial blood pressure was 3 mmHg higher during circa-
dian misalignment than during circadian alignment in an
experimental study with 10 human subjects (Scheer et al.
2009). Scheer et al. (2009) suggested that circadian mis-
alignment may increase mean arterial blood pressure by
increasing total peripheral resistance, cardiac output, or
blood volume.

However, in the current study, there was no significant
association between number of 24-h shifts and HT. This
finding needs to be interpreted carefully because this cross-
sectional study is limited in being able to capture all pos-
sible changes that a hypertensive firefighter makes to reduce
the detrimental impact of many additional 24-h shifts on
his/her cardiovascular health: reducing additional 24-h
shifts, taking a long break or sick leave (hypertension of
a firefighter is covered by the firefighter presumptive dis-
ability law in many US states, including California) (Kales
et al. 2009), changing their worksite (e.g. to headquarters),
or retiring earlier if the status of hypertension is highly
uncontrollable (>180 mmHg for SBP and >100 mmHg for
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DBP) (National Fire Protection Association 2007). In fact,
the findings of the current study support some of those pos-
sibilities. First, the prevalence of hypertension appeared
to be higher in the firefighters who worked at fire stations
and reported 0-6 shifts in the past month, compared to
those who reported standard work schedule or 12-21 shifts
in the past month. The firefighters who worked at fire sta-
tions and reported 06 shifts in the past month just returned
to work after a long break or sick leave at the time of the
FORWARD study survey. Most of the firefighters would
have worked additional 24-h shifts in the following months
given that most firefighters in the current fire department do
additional 24-h shifts. We observed anecdotally in another
recent study with a group of firefighters from the same fire
department (Choi 2015) that one firefighter reported 4 shifts
in the past month and then reported 14-shifts in the follow-
ing month when the same questionnaire item was admin-
istered again. Second, the prevalence of hypertension was
higher in the firefighters who worked at headquarters than
in who worked at a fire station. Firefighters who initially
worked at fire stations doing a 24-h shift schedule, including
additional shifts, might later choose to work at headquarters
and quit working a 24-h shift schedule. Future longitudinal
studies are needed to clarify the association between num-
ber of 24-h shifts and hypertension in firefighters.

Our finding of an association between increased job
demands over the past years and SBP in the current study is
also unique. We could not find any comparable studies that
have examined the effect of increased job demands over the
past years (assessed with one ERIQ effort item) on clinical
blood pressure, although Ohlin et al. (2007) reported that
high job demands at baseline (assessed with the JCQ psy-
chological job demand scale) was longitudinally associated
with increased BP in a Swedish working population. The
ERI effort item may reflect the intensified job demands in
the majority of the firefighters in the current study during
the FORWARD study period. There was a substantial delay
in hiring and training new firefighters to replace older retir-
ing firefighters during the FORWARD study period partly
due to insufficient financial resources in the fire department
just after the global economic crisis in the late 2000s.

Physical demands, job strain, effort-reward imbalance,
and sedentary work were not associated with BP or HT in
the current study. It should be noted that there was little
variation in physical demands, job strain, and effort-reward
imbalance in our single occupation sample of firefighters,
which is a prerequisite for examining them as the risk fac-
tors for BP or HT in an epidemiological study. The associa-
tion between sedentary work and HT has not been supported
in a recent longitudinal study (Saidj et al. 2015), although it
could indirectly increase the risk of HT through obesity.

The prevalence of hypertension in our sample of South-
ern California firefighters was lower than that in a group
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of Massachusetts firefighters in the late 1990s (Soteriades
et al. 2003): 11 vs. 20-24 %. But it was similar to that in
a recent survey (Poston et al. 2013) in a larger sample of
firefighters from 10 US fire departments across the nation
with a good firefighter WEFIT program: 11 vs. 12 % (self-
reported). The prevalence of uncontrolled hypertension was
lower in the current study than in the study with Massachu-
setts firefighters in the late 1990s (Soteriades et al. 2003):
50 vs. 74 %. This may indicate that the overall cardiovascu-
lar health of US firefighters has improved over the two dec-
ades as the firefighter WEFIT program has spread across
US fire departments.

Implications for prevention of hypertension
among professional firefighters

The current study indicates that many additional 24-h shifts
(e.g., 16 shifts in the past month) may significantly increase
the risk of elevated blood pressure among professional fire-
fighters, independent of health-related behaviors and adi-
posity. Our previous study also pointed to the increased risk
of many additional 24-h shifts for obesity among firefight-
ers (Choi et al. 2016a). Furthermore, several US firefighter
fatality cases involved multiple consecutive 24-h shifts
(National Institute for Occupational Safety and Health,
2008, 2011). All of these support introducing a limit to the
number of 24-h shifts that a firefighter can work in a month
or a year, which we expect will significantly improve the
cardiovascular health of US professional firefighters.
Recently, the fire department and the local firefighter union
in the current study agreed on a firefighter workload policy
limiting the number of annual voluntary 24-h shifts that
a firefighter can work (equivalent to 15 shifts per month,
on average) in order to share the burden of additional 24-h
shifts more equally among the firefighters.

This study also suggests that intensified work over a
couple of years may raise the level of blood pressure among
firefighters. Firefighter stakeholders should make efforts to
continuously maintain an optimal level of collective fire-
fighter workforce. The fire department in the current study
was able to complete the recruitment and training of new
firefighters (firefighter academy) in November 2011 after
the last one in July 2009.

The high prevalence of uncontrolled hypertension
(50 %) among hypertensive firefighters deserves discus-
sion. Most of the uncontrolled hypertensive firefighters
were mild hypertensive and were not taking anti-hyper-
tensive medication. Given the uncertainty of the benefits
of pharmacological treatment of mild hypertension (Diao
et al. 2012), we think that a priority to control hypertension
(hypertension management) among the uncontrolled hyper-
tensive firefighters should be given to non-pharmacological
approaches such as avoiding many additional 24-h shifts
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and improving health-related behaviors, including weight
management.

Limitations

This study has several limitations. First, this study is a
cross-sectional study so we cannot be sure of the tempo-
ral relationships of the number of 24-h shifts in the past
month and increased job demands over the past years
with increased blood pressure. Future longitudinal stud-
ies are needed to clarify the temporal relationships among
firefighters. Second, the information on numbers of 24-h
shifts in the past month and increased job demands over
the past years was self-reported, although its good short-
term (1-8 weeks) test—retest reliability was confirmed in
the FORWARD study (Choi et al. 2014a, 2016a). Using
long-term administrative records of fire departments will
improve the quality of exposure assessment in future
research. Third, this study was not able to examine whether
occupational noise exposure, one of the four possible occu-
pational risk factors for hypertension in firefighters (Kales
et al. 2009), is a risk factor for hypertension among fire-
fighters. Firefighters can be exposed to a short-term, high
level of noise during their emergency operations (e.g. sirens
and using extraction equipment) (Neitzel et al. 2013). How-
ever, we observed during the current study that firefight-
ers regularly wore headsets with a dual function of noise
protection and internal communication on fire trucks and
engines when they responded to calls. Also, there was no
association between number of calls on a typical 24-h shift
and blood pressure in the current study. Thus, we think
that the impact of occupational noise exposure of firefight-
ers on the results of the current study, if any, would not be
substantial.
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