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Background: Little is known about the associations of resting heart rate (RHR) and
heart rate reserve (HRR) with metabolic syndrome (MetS) in firefighters.

Methods: For each of 288 professional firefighters, HRR was calculated as the
difference between measured RHR and estimated maximum HR. For comparison, VO,
max based on a treadmill test was included. MetS was defined according to the
NCEP/ATP Il criteria.

Results: The prevalence of MetS was 14.2%. The average of RHR was 61.5 beat/min.
Only 5.8% of the firefighters had RHR of 280 beat/min. Between the firefighters in the
lowest and highest quintiles, the prevalence ratios (95% confidence intervals) for MetS
were 1.88(0.71-4.94),5.90(1.74-20.02),and 8.03 (1.86-34.75) for RHR, HRR, and VO,
max, respectively. Both HRR and VO, max, but not RHR, were significantly associated
with MetS and its most component risk factors in middle-aged firefighters.
Conclusions: HRR, a simple cardiovascular fitness measure, was inversely associated

with MetS among middle-aged professional firefighters.
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1 | INTRODUCTION

About 1.2 million firefighters in the United States (US) are at high risk
for on-duty cardiovascular disease (CVD) mortality.l’3 In 2015, about
half of the 90 on-duty firefighter deaths were sudden cardiac deaths in
US firefighters.* Metabolic syndrome (MetS)> has been defined as a
clustering of three or more of the following cardiometabolic risk
factors: central obesity, high blood pressure, high fasting blood
glucose, high blood triglycerides, and low blood high-density lipopro-
tein cholesterol. MetS is a well-known risk factor for Type Il diabetes,
coronary heart disease, stroke, and total mortality.“”11 Several
component risk factors of MetS such as hypertension, dyslipidemia,
and obesity were also identified as risk factors for on-duty cardiac
deaths among US professional firefighters.!:® Thus, early detection and
management of the risk for MetS are very important for prevention of
CVD and cardiac deaths in firefighters, particularly from the viewpoint
of the firefighter medical surveillance programs.

Some investigators'®*® have reported that cardiorespiratory

fitness (VO, max, maximum oxygen consumption) assessed based

cardiovascular fitness, maximum heart rate, VO, max

on treadmill exercise tests is inversely associated with MetS in
professional firefighters. However, the assessment of VO, max is
resource-demanding in terms of time, space, equipment, and person-
nel. Also, it is not always available to all firefighters across the nation in
the United States. For instance, in a report on firefighter cardiac
fatalities during the period of 1995-2004,** only 39% of US fire
departments had a voluntary firefighter fitness program. By contrast,
resting heart rate (RHR) and heart rate reserve (HRR) as other
cardiovascular fitness indicators can be available at all clinical settings
for firefighters due to their simplicity in assessment. RHR is one of the
simplest routine measures at clinics. HRR can be also easily calculated
by clinicians as the difference between measured RHR and estimated
maximum HR using a standard age-adjusted formula.'® However, few
studies have investigated the utility of both RHR and HRR as
prognostic factors of MetS in working populations, including
professional firefighters.

The longitudinal association between RHR and MetS has been

16-20

inconclusive in general populations and working populations.??2 No

studies have examined RHR in relation to MetS in professional firefighters
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who have better fitness than general populations.?>?* In addition, despite
some evidence for HRR as a risk factor for cardiovascular mortality,z‘:"27
little is known about the association between HRR and MetS in general or
working populations. Furthermore, no studies have compared three
cardiovascular fitness indicators (RHR, HRR, and VO, max) in terms of the
association with MetS and its component risk factors in working
populations.

The objective of this cross-sectional study was to investigate and
compare the associations of RHR, HRR, and VO, max with MetS and its
cardiometabolic component risk factors in a group of professional

firefighters who participated in a work and obesity project.28

2 | METHODS

2.1 | Background-FORWARD study

The main purpose of the FORWARD study (2010-2013) was to identify
occupational and behavioral risk factors for obesity in firefighters who
work for a fire department in Southern California, USA.28730 The
FORWARD study had strong support from both the fire department and
alocal union of the International Association of Fire Fighters (IAFF). The
FORWARD study was approved by the Institutional Review Board (IRB)
of the University of California, Irvine. Phase | of the study involved
developing a firefighter-specific work and health questionnaire through
four focus groups with 20 firefighters from January to April 2011.273°
Utilizing input from the focus groups, a firefighter-specific work and
health questionnaire (called hereafter the FORWARD study question-
naire) was developed. Phase Il of the study involved a cross-sectional
survey using the FORWARD study questionnaire. All together 365
firefighters (356 males and 9 females) participated in the survey
(participation rate, 84% of the 436 firefighters) when they visited a
university clinic for their wellness and fitness (WEFIT) medical

examinations between May 2011 and December 2012.

2.2 | Firefighters for the current study (N = 288)

Among the 365 firefighters who participated in the FORWARD study
survey, we excluded the firefighters who were rookies (having <1 year
of employment at the fire department) (N=3), who were taking
medications for heart problems (N=7) in consideration of their
potential impact on RHR, and who did not have valid information on
any of the five components of MetS (N = 67). Thus, 288 firefighters
(281 males and 7 females) were included in the current study (Table 1).
There were no significant (at the level of alpha =0.01) differences in
age, sex, education, race/ethnicity, waist circumference, systolic and
diastolic blood pressure, central obesity, and RHR between the 288
firefighters and the 67 firefighters.

2.3 | Resting heart rate, heart rate reserve, and VO,
max

Experienced clinical staff (nurses) at the university clinic measured
RHR of each of the firefighter during their WEFIT medical
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examinations. The pulse rate of each firefighter was assessed for
10's and then multiplied by six to get his/her RHR (beats per minute:
bpm). The HRR of each firefighter was calculated by subtracting
his/her measured RHR from his/her maximum heart rate estimated
using the following equation: 205.8-(0.685 x age).’®> VO, max
(mL/kg/min) of each firefighter was estimated based on the Gerkin
treadmill test by an experienced exercise physiologist during WEFIT
medical examinations. For comparative analyses, each of RHR, HRR,
and VO,ax Was grouped into quintiles. In addition, five groups of RHR
with an interval of 10 bpm were used for analyses considering the
threshold level of RHR (80-85 bpm) for defining a high RHR population
[Palatini, 1998]: 40-49 bpm; 50-59 bpm; 60-69 bpm; 70-79 bpm; and
280 bpm. The information on RHR and HRR was available for all
firefighters (N = 288). The information on VO, max was available for
270 firefighters (263 males and 7 females).

2.4 | Metabolic syndrome

The firefighters with MetS were defined as those who had three or
more out of the following five CVD risk factors, as recommended by
the modified US National Cholesterol Education Program/Adult
Treatment Panel Il (NCEP/ATP IlI)>: central obesity, high blood
pressure (BP), high fasting blood glucose, high blood triglycerides (TG),
and low blood high-density lipoprotein (HDL) cholesterol. Central
obesity was defined as those who had waist circumference of >102 cm
(40 inches) for men and >88 cm (35 inches) for women; high BP as
systolic BP of 2130 mmHg, diastolic BP of 285 mmHg, or on anti-
hypertensive drug treatment; high fasting glucose 2100 mg/dl or on
drug treatment for elevated glucose; high TG 2 150 mg/dl or on drug
treatment for elevated triglycerides; and low HDL cholesterol as HDL
cholesterol <40 mg/dl for men and <50 mg/d| for women, or on drug
treatment for ow HDL cholesterol.

Waist circumference and BP of the firefighters were assessed with
experienced clinical staff at the clinic during WEFIT medical
examinations using standard assessment protocols.®%32 For example,
firefighter BP was measured after a 5 min rest in a sitting position. It
was measured twice with a time interval of 1 min and averaged for
analysis. Firefighter blood tests for fasting serum lipid profiles (HDL
cholesterol and triglycerides) and glucose were conducted in other
local laboratories within 2 weeks before and after their WEFIT exams.
The firefighters returned the laboratory results to the WEFIT clinic.
The information on medications due to heart problems, hypertension,
hyperlipidemia and diabetes mellitus, and on smoking or use of tobacco
products was extracted from a clinical questionnaire that firefighters
filled out at their WEFIT examinations.

2.5 | Other variables

Age, sex, race/ethnicity, education, job title (rank-and-file firefighters,
firefighter apparatus engineers, engineers, firefighter captains, and
firefighter chiefs), frequency of exercise (moderate or vigorous level of
physical activity and more than 30 min) at fire station and during
leisure-time, consumption of high-fiber fruits and vegetables, and
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TABLE 1 Spearman correlations between resting heart rate (RHR), heart rate reserve (HRR), and VO, max among 288 firefighters

Variables Number of firefighters Mean (standard deviation) Range 1 2 3

1. Age (years) 288 42.7 (8.9) 25-63

2. RHR (beat/min) 288 61.5 (9.5) 40-92 0.168*

3. HRR (beat/min) 288 115.0 (12.1) 76.8-143.6 -0.655** -0.834**

4. VO, max (mL/kg/min) 270 46.1 (7.1) 33-65 -0.548** -0.442** 0.644**

*P <0.01 and **P < 0.001

smoking or consumption of tobacco products were assessed with

questions in the FORWARD survey questionnaire.

2.6 | Statistical analyses

The descriptive statistics of MetS and the three cardiovascular fitness
indicators (RHR, HRR, and VO, max) were examined. The interrelation-
ships of the fitness indicators with age were examined with Spearman
correlation coefficients. The associations of the sociodemographic and
health-related behavior variables with MetS, RHR, HRR, and VO, max
were examined by Chi-square test. Due to the small sample size of
female firefighters (N =8), the associations of the three fitness
indicators with MetS and its component risk factors were examined
and compared only in male firefighters (N=281) using gamma
coefficients and Cox's proportional hazards models.3® The analyses
were replicated after stratification of the data by age (24-44 and 45-63
years old). As a sensitivity test, all of the above analyses were also
replicated in male firefighters (N =266) after excluding those who
were taking anti-hypertensive medications (N = 15) considering the
possibility of suppressed RHR by some popular anti-hypertensive
medications such as beta-blockers and non-dihydropyridine calcium

channel blockers.34-3¢

3 | RESULTS

3.1 | Descriptive statistics of MetS, RHR, HRR, and
VO, max in firefighters in 288 firefighters

The prevalence of MetS (23 cardiometabolic risk factors) was 14.2%
among the firefighters. About 45% of the firefighters did not have any
component risk factors; 25% had one risk factor; and 16% had two risk
factors of MetS. The prevalence of each component risk factor of MetS
was 24.7% for central obesity; 19.4% for high BP; 18.1% for high
fasting glucose; 23.6% for high TG, and 19.1% for low HDL cholesterol.
The means (tstandard deviations) of RHR, HRR, and VO, max
values were 61.5 bpm (+9.5bpm), 115.0 bpm (£12.1 bpm), and
46.1 mL/kg/min (£7.1 mL/kg/min), respectively (Table 1). Sixteen of
the firefighters (5.6%) had =80 bpm of RHR and five of the firefighters
(1.4%) had 285bpm of RHR. As expected, RHR was negatively
correlated with HRR and VO, max values. VO, max was more strongly
correlated with HRR than with RHR: Spearman coefficients, 0.644
(P <0.001) and -0.442 (P < 0.01), respectively. Age was more strongly
correlated with HRR and VO, max values than with RHR (Table 1).

3.2 | Associations of MetS, RHR, HRR, and VO, max
with sociodemographic and health-related behavior
variables in 288 firefighters

The prevalence of MetS was significantly higher in the older (45-63
years old) firefighters than in the younger (25-44 years old) firefighters:
24.8% versus 5.2%. It was also significantly higher in male firefighters,
higher rank firefighters, firefighters who exercised two or more times
per week at the fire station, and firefighters who consumed 5-6
servings of high-fiber fruits and vegetables per day (Table 2). RHR,
HRR, and VO, max were all associated with age, job title, and exercise
at work and during leisure time, although generally RHR had weaker
associations compared to the other two measures. VO, max was also

associated with the frequency of fruit and vegetable consumption.

3.3 | The univariate associations of RHR, HRR, and
VO, max with MetS and component risk factors in
281 male firefighters

The firefighters in the highest quintile (Q5) had RHR of 269 bpm, while
those in the lowest quintile (Q1) had RHR values of <53 bpm. The
firefighters in the lowest and highest quintiles had HRR values of
<105.4 bpm and 2124.7 bpm, respectively. The firefighters in the
lowest and highest quintiles had VO, max values of <39.4 and
253.2 mL/kg/min, respectively (Table 3). When the firefighters in the
lowest and highest quintiles were compared, the prevalence ratios (PR
(95% confidence interval (Cl)) for MetS were 1.88 (0.71-4.94) for RHR,
5.90 (1.74-20.02) for HRR, and 8.03 (1.86-34.75) for VO, max
(Table 3). There was no significant linear association between RHR and
MetS: gamma coefficient (95%Cl) 0.189 (-0.052, 0.426). By contrast,
both HRR and VO, max were linearly and significantly associated with
MetS: gamma coefficients (95%Cls) -0.501 (-0.681, -0.305) and
-0.522 (-0.690, -0.330), respectively (Figure 1).

When RHR was tested as the five groups of 10 bpm intervals, the
PR for MetS increased to 2.88 (0.53-15.70) between the lowest and
highest RHR groups (280 bpm vs. 40-49 bpm). There was also a
significant linear association between RHR and MetS: gamma
coefficient (95%Cl) 0.272 (0.023, 0.503) (Table 3 and Figure 2).

With regards to the associations with the component risk factors
of MetS, all three cardiovascular fitness indicators were associated
with high TG (Table 3). However, none of them were associated with
high levels of fasting blood glucose. In addition, both HRR and VO, max
were more strongly associated with the other three risk factors (central
obesity, high BP, and low HDL cholesterol) than RHR (Table 3).
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TABLE 2 Distributions of study variables and the prevalence of metabolic syndrome among the firefighters (N = 288)

Study variables

Sociodemographic

Health-related
behaviors

Category
Age (years)

Sex

Race/Ethnicity

Education

Job title

Exercise at work

Exercise during leisure
time

High-fiber fruits/
vegetable consumption

Smoking or consumption
of tobacco products

Subcategory
25-44
45-63

Men
Women

Non-Hispanic
white

Hispanic/Asian/
others

Some college or
high school

College or
graduate
school

Firefighters/
engineers

Captains/chiefs
22 days/week

<1 day/week
22 days/week

<1 day/week

High (5-6
servings/d)

Low (0-4
servings/d)

Yes

No

*P <0.20, **P < 0.05, and ***P < 0.01 at Chi-square test.
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Mean values

RHR HRR
Distribution of (beats/ (beats/ VO, max Metabolic
study variables min) min) (mL/kg/min)  syndrome
53.8 60.0*** 121.4*** 49.3*** 5.2%**
46.2 63.4*** 107.6*** 42.3*** 24.8***
97.6 61.6 114.9 46.1 14.6
2.4 59.7 118.8 47.1 0.0
83.0 61.8 114.7 46.2 14.1
17.0 60.5 116.5 46.3 14.6
50.9 61.6 115.3 45.9 15.4
49.1 61.4 114.9 46.6 13.0
68.4 61.0* 117.3*** 47.2%** 9.1***
31.6 62.6* 110.2*** 43.6*** 25.3**
87.2 61.0** 116.0*** 46.8*** 13.1*
12.8 65.4** 109.0*** 41.9%** 22.2*
75.4 61.0* 115.9** 47.0%** 14.2
24.6 63.4* 112.6** 43.8*** 14.5
13.9 61.5 117.3 50.3*** 5.1*
86.1 61.5 114.7 45.6*** 15.7*
9.6 63.5 112.9 45.4 14.8
90.4 61.3 115.4 46.3 14.2

903

However, the prevalence of central obesity was significantly higher in
the highest RHR (280 bpm) group than in the lowest RHR (40-49 bpm)
group: PR (95%Cl), 5.03 (1.05-24.22).

3.4 | The age-adjusted associations of RHR, HRR,
and VO, max with MetS and component risk factors
in 281 male firefighters

After stratification of the data into younger and older groups (Tables 4
and 5), the associations of HRR and VO, max with MetS substantially
attenuated in the younger firefighters. In the younger firefighters,
none of the three fitness indicators were significantly associated with
MetS, although the prevalence of MetS was 4.78 times higher in the
lowest VO, max group than in the highest VO, max group. Only a few

younger firefighters had HRH values of 280 bpm (5/150, 3.3%), HRR
values of <105.4bpm (Q1 10/150, 6.6%), and VO, max values of
<39.4 mL/kg/min (Q1 9/142, 6.3%) (Table 4).

However, in the older firefighters (45-64 years old), as in the
univariate analyses, both HRR and VO, max were linearly associated
with MetS: gamma coefficients (95%Cls), -0.320 (-0.580, -0.013)
and -0.373 (-0.631, -0.075), respectively. There was a substantial
difference in the prevalence of MetS between the lowest (Q1) and
highest (Q5) groups of firefighters for HRR and VO, max: 35.4% and
23.1%, respectively (Table 5). A substantial proportion of the older
firefighters had HRR values of <105.4 bpm (Q1 48/131, 36.6%) and
VO, max values of <39.4 mL/kg/min (Q1 45/121, 37.2%) (Table 4).
On the other hand, the linear association between RHR and MetS
was not significant: gamma coefficient (95%Cl) 0.138 (-0.147,
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TABLE 3 The prevalence ratios (PRs) for metabolic syndrome (MetS) and its component risk factors by resting heart rate (RHR), heart rate reserve
(HRR), and VO, max in 281 male firefighters

MetS components: PR (%)

Cardiovascular fitness Five MetS:PR Central High blood High fasting High Low HDL
indicator subgroups N (%) obesity pressure glucose triglycerides  cholesterol
RHR (beat/min): Q1 (40-53) 52 1.00 1.00 (21.2)  1.00 (13.5) 1.00 (19.2) 1.00 (9.6) 1.00 (13.5)
N =281 (11.5)
Q2 (54-58) 60 1.01 1.10(23.3) 1.36(18.3) 0.87 (16.7) 1.56 (15.0) 1.24 (16.7)
(11.7)
Q3 (59-62) 53 1.15 1.16 (24.5) 1.12 (15.1) 0.88 (17.0) 2.55 (24.5)* 1.40 (18.9)
(13.2)
Q4 (63-68) 56 1.24 1.10(23.2) 1.59 (21.4) 0.93 (17.9) 3.16 (30.4)**  1.72 (23.2)
(14.3)
Q5 (69-92) 60 1.88 1.58(33.3) 2.23 (30.0)* 1.04 (20.0) 4.16 (40.0) 1.86 (25.0)*
(21.7) ok
Gamma 0.189* 0.132* 0.229** 0.022 0.412*** 0.188*
coefficient
RHR (beat/min): 40-49 23 1.00 (8.7) 1.00 (8.7) 1.00 (13.0) 1.00 (17.4) 1.00 (8.7) 1.00 (8.7)
N=281
50-59 104 1.22 2.88(25.0) 1.18 (15.4) 1.11 (19.2) 1.88 (16.3) 1.99 (17.3)
(10.6) *
60-69 104 1.88 2.88(25.00 1.70(22.1) 0.89 (15.4) 3.21 (27.9)* 2.54 (22.1)
(16.3) *
70-79 34 2.37 3.38(29.4) 2.03 (26.5) 1.52 (26.5) 3.72 (32.4)* 2.71 (23.5)
(20.6) *
> 80 16 2.88 5.03(43.8) 2.40(31.3) 0.72 (12.5) 6.47 (56.3**)  2.88 (25.0)
(25.0) o
Gamma 0.272** 0.198* 0.240** 0.005 0.405*** 0.192*
coefficient
HRR (beat/min): Q5 (124.7- 57 1.00 (5.3) 1.00 (14.0)  1.00 (12.3) 1.00 (15.8) 1.00 (3.5) 1.00 (8.8)
N =281 143.6)
Q4 (118.5- 56 1.02 (5.4) 1.15(16.1) 1.16(14.3) 0.68 (10.7) 4.58 (16.1)* 1.22 (10.7)
124.6)
Q3 (113.1- 56 271 2.16 (30.4) 1.02 (12.5) 1.24 (19.6) 6.62 (23.2)** 2.65 (23.2)*
118.4) (14.3)
Q2 (105.5- 54 3.17 1.98 (27.8) 1.66 (20.4) 1.06 (16.7) 8.97 (31.5) 2.53 (22.2)*
113.0) (16.7) *
Q1 (76.8- 58 5.90 2.70(37.9) 3.23 (39.7)*** 1.75 (27.6)* 13.27 (46.6)  3.73 (32.8)***
105.4) (31.0) ** e
Gamma -0.501***  -0.315*** -0.381*** -0.201* -0.543*** -0.377***
coefficient
VO, max (ml/kg/min): Q5 (53.2- 51 1.00 (3.9)  1.00 (7.8) 1.00 (9.8) 1.00 (17.6) 1.00 (5.9) 1.00 (3.9)
N=263 64.9)
Q4 (47.7- 54 142 (5.6) 1.18(9.3) 0.76 (7.4) 0.42 (7.4) 1.89 (11.1) 2.36 (9.3)
53.1)
Q3 (43.5- 50 4.08 3.57(28.0) 1.63(16.0) 0.91 (16.0) 3.74 (22.0)**  6.63 (26.0)**
47.6) (16.0) =
Q2 (39.5- 54 4.72 472 (37.0) 246 (24.1)* 1.36 (24.1) 5.67 (33.3) 7.08 (27.8)***
43.4) (18.5)* o ok
Q1 (32.6- 54 8.03 4.96 (38.9) 3.78 (37.0)*** 1.36 (24.1) 8.19 (48.1) 8.97 (35.2)***
39.4) (31.5)** rx o
Gamma -0.522***  -0.478*** -0.459*** -0.204* -0.566*** -0.487***
coefficient

Q1 to Q5: quintiles . *P < 0.20, **P < 0.05, and ***P < 0.01 of PRs or gamma coefficients.
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FIGURE 1 The prevalence ratios for metabolic syndrome (MetS)
by resting heart rate (RHR), heart rate reserve (HRR), and VO2 max
in 281 male firefighters. Q1 (the lowest) to Q5 (the highest):
quintiles-based five groups. The reference group was Q1 for RHR
and Q5 for HRR and VO2 max. *P <0.05 and **P <0.01

Prevalence ratio for MetS

*
*k

4 j ’_i ’_i

3

2

1 ’_.

0
Ql Q2 Q3 Q4

Quintiles-based five groups

0.431). The linear association between RHR (based on 10bpm
intervals) and MetS was also not significant: gamma coefficient
(95% Cl) 0.184 (-0.118, 0.478), although the risk for MetS was 2.18
times higher in the highest RHR (=280 bpm) group than in the lowest
(40-49 bpm) RHR group.

As in the univariate analyses, all of the three indicators were
linearly associated with high TG, but not with high levels of fasting
blood glucose in both the younger and older firefighters. Also, VO,
max was linearly associated with the other three risk factors (central
obesity, high BP, and low HDL cholesterol) in both the younger and
older firefighters (Tables 4 and 5). HRR was also linearly associated
with the three risk factors, but largely limited to the older firefighters.
RHR was not significantly associated with any of the three risk factors

in either the younger or older firefighters.
25

2
1.5 4
) I I
[ J— S

40-49 bpm 50-59 bpm 60-69 bpm 70-79 bpm >80 bpm
Resting heart rate

Prevalence ratio for MetS

-

FIGURE 2 The prevalence ratios for metabolic syndrome (MetS)
by resting heart rate (RHR) 10 bpm intervals in 281 male
firefighters: the gamma coefficient, 0.274 (P = 0.04)
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3.5 | sensitivity test without those who took
anti-hypertensive medications in 261 male
firefighters

The above results did not change much after those under treatment
with anti-hypertensive medications were excluded from analyses. For
instance, the prevalence of MetS slightly dropped to 11.5% (results not
shown) The mean (tstandard deviation) of RHR values was 61.2 bpm
(£9.3 bpm) among the 261 male firefighters. The associations between
RHR, HRR, and VO, max with MetS decreased to some extent. The
univariate gamma coefficients (95%Cls) of RHR, HRR, and VO, max
with MetS were 0.101 (-0.188, 0.380), -0.396 (-0.614, -0.152), and
-0.428 (-0.647, -0.176), respectively. The gamma coefficient (95%Cl)
between RHR (based on 10bpm intervals) and MetS was 0.175
(-0.120, 0.459).

4 | DISCUSSION

This is the first study to investigate and compare three cardiovascular
fitness indicators (RHR, HRR, and VO, max) in relation to MetS and its
component risk factors in working populations, including professional
firefighters. RHR was not associated with MetS or most components
risk factors in the firefighters. By contrast, both HRR and VO, max
were inversely associated with MetS and most component risk factors,
although for HRR, it was largely restricted to the older firefighters.
Compared with RHR (based on quintiles), RHR (based on 10 bpm
intervals) was more strongly associated with MetS, but the association
became non-significant after adjustment for age. None of the three
indicators were associated with high levels of fasting blood glucose.
This study indicates that HRR (eg, <105 bpm) may have potential to be
used as a simple clinical measure for predicting the risk for MetS and its
component risk factors, particularly among middle-aged (45 to 63 years

old) professional firefighters.

4.1 | Comparison with previous studies

In the prevalence of MetS among professional firefighters, this study is
similar to the previous studies from Arizona (US) and Germany*>3%7;
namely, 14% versus 13-15%. However, one previous study*? of the
Mid-Western states, which are among the states with the highest
average BMI in the United States,®® reported a higher prevalence of
MetS (28.3%) among professional firefighters. However, all of the above
indicate that professional firefighters are better off than US adult general
populations (prevalence of MetS 33%, over the period 2003-2016).%
As opposed to some previous longitudinal studies in male or male-
dominated general and working populations,*62%? there was no
significant association between RHR and MetS in the professional

19,22 also

firefighters after controlling for age. Two longitudinal studies
failed to find a significant association between RHR and MetS in a male
Japanese working population and a male Chinese general population,
respectively. However, the result for RHR in the current study should
be cautiously interpreted due to the following two reasons. First, the

average RHR of the professional firefighters (61 bpm) in the current
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TABLE4 The prevalence ratios (PRs) for metabolic syndrome (MetS) and its component risk factors by resting heart rate (RHR), heart rate reserve
(HRR), and VO, max in the younger (25-44 years old) male firefighters

Cardiovascular Fitness Five MetS:PR
indicator subgroups N (%) MetS components: PR (%)
Central High blood High fasting High Low HDL
obesity pressure glucose triglycerides cholesterol
RHR (beat/min): Q1 (40-53) 35 1.00 1.00 (20.0)  1.00 (8.6) 1.00 (14.3) 1.00 (2.9) 1.00 (11.4)
N=150 (8.6)
Q2 (54-58) 33 0.00 0.61(12.1) 2.12(18.2) 0.42 (6.1) 3.18 (9.1) 1.06 (12.1)
(0.0)
Q3 (59-62) 34 0.69 0.88 (17.6) 1.03 (8.8) 1.03 (14.7) 7.21 (20.6)* 1.29 (14.7)
(5.9)
Q4 (63-68) 24 097 0.83 (16.7) 1.94 (16.7) 0.58 (8.3) 5.83 (16.7) 1.46 (16.7)
(8.3)
Q5 (69-92) 24 049 1.04 (20.8) 2.43(20.8) 0.88 (12.5) 7.29 (20.8)* 0.37 (4.2)
(4.2)
Gamma -0.025 0.027 0.172 -0.019 0.391** -0.058
coefficient
RHR (beat/min): 40-49 15 1.00 1.00 (6.7) 1.00 (6.7) 1.00 (13.3) 1.00 (6.7) 1.00 (6.7)
N =150 (6.7)
50-59 64 047 2.81(18.8) 2.11(14.1) 0.94 (12.5) 1.64 (10.9) 2.11 (14.1)
(3.1)
60-69 51 1.18 2.65 (17.6)  2.06 (13.7) 0.59 (7.8) 2.65 (17.6) 2.06 (13.7)
(7.8)
70-79 15 0.00 3.00 (20.0) 2.00 (13.3) 1.00 (13.3) 1.00 (6.7) 0.00 (0.0)
(0.0)
> 80 5 3.00 3.00 (20.0)  6.00 (40.0)* 1.50 (20.0) 6.00 (40.0)* 3.00 (20.0)
(20.0)
Gamma 0.166 0.113 0.169 -0.055 0.234 -0.052
coefficient
HRR (beat/min): Q5 (124.7- 53 1.00 1.00 (15.1) 1.00 (11.3) 1.00 (13.2) 1.00 (3.8) 1.00 (9.4)
N =150 143.6) (5.7)
Q4 (118.5- 45  0.79 1.03 (15.6) 1.18(13.3) 0.84 (11.1) 4.12 (15.6)* 1.18 (11.1)
124.6) (4.4)
Q3 (113.1- 29 061 1.60 (24.1) 0.91(10.3) 0.52 (11.8) 5.48 (20.7)**  2.19 (20.7)
118.4) (3.4)
Q2 (105.5- 13  1.36 0.51 (7.7) 2.04 (23.1) 0.58 (7.7) 6.12 (23.1)**  0.82(7.7)
113.0) (7.7)
Q1 (76.8- 10 177 1.99 (30.0) 2.65 (30.0)* 1.51 (20.0) 5.30 (20.0)* 1.06 (10.0)
105.4) (10.0)
Gamma -0.051 -0.122 -0.203 0.077 -0.437*** -0.128
coefficient
VO, max (mL/kg/min): Q5 (53.2- 43  1.00 1.00 (7.0) 1.00 (7.0) 1.00 (14.0) 1.00 (7.0) 1.00 (4.7)
N=142 64.9) (2.3)
Q4 (47.7- 42  3.07 1.37 (9.5) 1.37 (9.5) 0.34 (4.8) 1.37 (9.5) 1.54 (7.1)
53.1) (7.2)
Q3 (43.5- 29 4.45 3.46 (24.1) 2.97 (20.7)* 0.74 (10.3) 1.48 (10.3) 5.19 (24.1)**
47.6) (10.3) *
Q2 (39.5- 19 0.00 5.28 (36.8) 1.51(10.5) 1.51 (21.1) 3.77 (26.3)* 4.53 (21.1)*
43.4) (0.0) *
Q1 (32.6- 9 478 478 (33.3)  6.37 (44.4)** 0.80 (11.1) 7.96 (55.6) 478 (22.2)*
39.4) (11.1) * o
Gamma -0.197 -0.512*** -0.390** -0.065 -0.504*** -0.468***
coefficient

Q1 to Q5: quintiles. *P < 0.20, **P < 0.05, and ***P < 0.01 of PRs or partial (age-adjusted) gamma coefficients.



CHOI ET AL AMERICAN JOURNAL 907

WILEY OF

INDUSTRIAL MEDI El

TABLE5 The prevalence ratios (PRs) for metabolic syndrome (MetS) and its component risk factors by resting heart rate (RHR), heart rate reserve
(HRR), and VO, max in the older (45-63 years old) male firefighters

MetS components: PR (%)

Cardiovascular fitness Five MetS:PR  Central High blood High fasting High Low HDL
indicator subgroups N (%) obesity pressure glucose triglycerides cholesterol
RHR (beat/min): Q1 (40-53) 17 1.00 1.00 (23.5)  1.00 (23.5) 1.00 (29.4) 1.00 (23.5) 1.00 (17.6)
N=131 (17.6)
Q2 (54-58) 27 147 1.57 (37.0) 0.79 (18.5) 1.01 (29.6) 0.94 (22.2) 1.26 (22.2)
(25.9)
Q3 (59-62) 19 149 1.57 (36.8) 1.12 (26.3) 0.72 (21.1) 1.34 (31.6) 1.49 (26.3)
(26.3)
Q4 (63-68) 32 1.06 1.20 (28.1)  1.06 (25.0) 0.85 (25.0) 1.73 (40.6) 1.59 (28.1)
(18.8)
Q5 (69-92) 36 1.89 1.77 (41.7)  1.54 (36.1) 0.85 (25.0) 2.24 (52.8)* 2.20 (38.9)
(36.4)
Gamma 0.138 0.113 0.199* -0.060 0.360*** 0.254*
coefficient
RHR (beat/min): 40-49 8 1.00 1.00 (12.5)  1.00 (25.0) 1.00 (25.0) 1.00 (12.5) 1.00 (12.5)
N=131 (12.5)
50-59 40 1.80 2.80(35.0) 0.70 (17.5) 1.20 (30.0) 2.00 (25.0) 1.80 (22.5)
(22.5)
60-69 53 196 257 (32.1) 1.21(30.2) 0.91 (22.6) 3.02 (37.7) 242 (30.2)
(24.5)
70-79 19 295 2.95(36.8) 1.47 (36.8) 1.47 (36.8) 4.21 (41.7)* 3.37 (42.1)
(36.8)
> 80 11 2.18 4.36 (54.5) 1.09 (27.3) 0.36 (9.1) 5.09 (63.6)* 2.18 (27.3)
(27.3) *
Gamma 0.184 0.174 0.210* -0.076 0.423*** 0.229*
coefficient
HRR (beat/min): Q5 (124.7- 4 0.00 0.00 (0.0) 1.00 (25.0) 1.00 (50.0) 0.00 (0.0) 0.00 (0.0)
N=131 143.6) (0.0)
Q4 (118.5- 11  1.00 1.00 (18.0) 0.73(18.2) 0.18 (9.1) 1.00 (18.2) 1.00 (9.1)
124.6) (9.1)
Q3 (113.1- 27 285 2.04 (37.0) 0.59 (14.8) 0.67 (33.3) 1.43 (25.9) 2.85 (25.9)
118.4) (25.9)
Q2 (105.5- 41 215 1.88 (34.1) 0.78 (19.5) 0.39 (19.5) 1.88 (34.1) 2.95 (26.8)
113.0) (19.5)
Q1 (76.8- 48  3.90 2.18 (39.6) 1.67 (41.7) 0.58 (29.2) 2.87 (52.1)* 4.13 (37.5)*
105.4) (35.4)*
Gamma -0.320** -0.192* -0.398*** -0.034 -0.435*** -0.325**
coefficient
VO, max (mL/kg/min): Q5 (53.2- 8 1.00 1.00 (12.5)  1.00 (25.0) 1.00 (37.5) 0.00 (0.0) 0.00 (0.0)
N=121 64.9) (12.5)
Q4 (47.7- 12 0.00 0.67 (8.3) 0.00 (0.0) 0.44 (16.7) 1.00 (16.7) 1.00 (16.7)
53.1) (0.0)
Q3 (43.5- 21 191 2.67 (33.3) 0.38 (9.5) 0.64 (23.8) 2.29 (38.1) 1.71 (28.6)
47.6) (23.8)
Q2 (39.5- 35 229 2.97 (37.1) 1.26 (31.4) 0.69 (25.7) 2.23 (37.1) 1.89 (31.4)
43.4) (28.6)
Q1 (32.6- 45 284 3.20 (40.0) 1.42(35.6) 0.71 (26.7) 2.80 (46.7)* 2.27 (37.8)
39.4) (35.6)
Gamma -0.373**  -0.293** -0.411*** -0.025 -0.355*** -0.318**
coefficient

Q1 to Q5: quintile. *P < 0.20, **P < 0.05, and ***P < 0.01 of PRs or partial (age-adjusted) gamma coefficients.
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study were substantially lower than those of US adult populations
(71-73bpm)*® and a group of German professional firefighters
(68 bpm).3” As a result, only 5.8% of the firefighters had 280 bpm of
RHR that could be regarded as a high RHR group in general
populations.*? Second, the PRs for MetS between the highest and
lowest RHR groups (280 bpm vs. 40-49 bpm) were still greater than
2.1, even after controlling for age, although the differences did not
reach the statistical significance of 0.05. This is largely consistent with
the conclusion of a recent meta-analysis on the risk from 13 cross-
sectional and cohort studies for MetS between the lowest and highest
RHR groups*?: the relative risk of MetS was 2.10 times greater in the
highest RHR category than in the reference (lowest) RHR category.
Thus, future studies with a larger sample of professional firefighters
with greater statistical power are needed to clarify the association
between RHR and MetS.

On the other hand, this is also the first study to show that HRR was
associated with MetS and its component risk factors in general or
working populations. Interestingly, despite the very high correlation
between RHR and HRR (Spearman correlation, 0.83) among the
professional firefighters, HRR was much more strongly associated
with MetS and component risk factors than RHR. In a sense, this is

2627 in which HRR was more predictive

consistent with previous studies
of CVD mortality, compared to RHR or maximum HR. However, the
association between HRR and MetS in younger (25-44 years old)
firefighters who constitute about 22% of total firefighter on-duty
cardiac fatalities in the US® remains to be further tested in future studies.
Consistent with previous firefighter studies,*?>® this study sup-
ported the association between VO, max and MetS. This study adds new
information to the literature that among the three fitness indicators, VO,
max is the best correlate with MetS and its component risk factors in
professional firefighters. In addition, in contrast with the previous
study,? this study suggests that the association between VO, max and
MetS might be stronger in older firefighters than in younger firefighters.
Among the five component risk factors, only high levels of fasting
glucose were not associated with any of the three fitness indicators in
the firefighters. This is similar to the finding in the previous US studies
in which diabetes mellitus was not associated with firefighter cardiac
deaths, while, as expected, other CVD risk factors (obesity, hyperten-
sion, and hyperlipidemia) were significant predictors for firefighter
cardiac deaths. It may be partly related to the fact that US firefighter
candidates with diabetes mellitus (treated with insulin or uncontrolled
by oral medications) are screened out in their pre-employment medical
examinations (National Fire Protection Agency (NFPA)® 1582).2343

4.2 | Important implications for prevention of MetS
and CVD among professional firefighters

Among the three cardiovascular fitness indicators, VO, max was
the best in the associations with MetS and its component risk
factors in professional firefighters. This supports the current
standard on health-related fitness programs for firefighters
(NFPA® 1583)* in which aerobic capacity (VO, max) is
recommended as part of a firefighter fitness assessment.

In addition, this study suggests that, if confirmed in future studies,
HRR can be utilized as a simple clinical measure for detecting and
reducing the risk for future MetS among older (45-64 years old)
firefighters, that is, who are at higher risk for MetS and on-duty cardiac
death than younger (25-44 years old) firefighters. Its clinical utility will be
greater in many US fire departments that do not have yet a firefighter
fitness program,!* including the assessment of VO, max. It should be
emphasized that our measure of HRR is a simple subtraction of a
measured RHR from an estimated maximum HR using a standard age-
based formula,’® a calculation which can easily be performed by all
clinicians and firefighters across the nation. Our study indicates that
HRR (105 bpm) as a rough practical cut-point may be used for predicting
the risk for MetS among middle-aged professional firefighters. The
firefighters in the lowest HRR quintile (<105.4 bpm) in the current study
were about six times more likely to have MetS, compared to those in the
highest HRR group in the whole sample of firefighters. They were also
about four times more likely to have MetS compared to those in the
second highest HRR group in the older firefighters. In addition, they had
substantially greater levels of central obesity, high blood pressure, high
triglycerides, and low HDL cholesterol than those in the highest HRR
group in the whole sample of firefighters and the older firefighters.

There were strong correlations between the frequency of exercise
at work and during leisure time and three fitness indicators. This implies
that firefighter stakeholders need to make more collective efforts to
encourage their physically inactive members to be engaged in exercise
on a regular basis. In our previous study,*® firefighters with high
perceived coworker support for exercise are more likely to exercise at

work than those with low perceived coworker support for exercise.

5 | LIMITATIONS

This study has three limitations. First, as this study used a cross-
sectional approach, we cannot tell the temporal relationship between
the three cardiovascular fitness indicators and MetS in this study.
Future firefighter cohort studies are needed to confirm the causal
direction between the fitness indicators and MetS. Second, the sample
size of this study is relatively small. In particular, the age-stratified
analysis in this study was likely to be underpowered. For example,
there were only a few firefighters in the highest HRR group (Q1) in the
older firefighters. Thus, future studies with larger samples of
professional firefighters are needed in particular for examining any
age-related (25-44 years old vs. 45-64 years old) associations of
cardiovascular fitness indicators with MetS in professional firefighters.

Third, firefighter RHR in the current study was estimated based on
a one-time 10 s assessment of pulse palpation by experienced nurses
at a university clinic. Thus, firefighter RHR in this study may have been
over-or under-estimated to some extent. According to the previous
studies,*®*” there were, on average, 2.4-3.4 bpm differences in RHR
between a shorter (10 or 15 s) assessment and a full 60 s assessment,
due to human errors or natural instability of human heartbeats.
However, we think that some errors in RHR assessment, if any, would
be non-differential rather than differential by MetS and its component
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risk factors because experienced nurses were blind to the status of
firefighters on MetS and its component risk factors at the clinic. Given
the non-differential exposure misclassification, the association
between RHR and MetS may have been underestimated in the current
study. Nonetheless, for future RHR research, it is desirable to follow
the current standard assessment protocol,*® including at least two
consecutive assessments of RHR for 30 s each. Fourth, our sample of
the professional firefighters in the current study came from a fire
department in Southern California that has had a good firefighter
WEFIT program since 2004. Thus, our findings in the current study
remain to be further tested and confirmed in future studies with more
diverse samples of professional and voluntary firefighters in the United
States and other countries.

ACKNOWLEDGMENTS

We express our sincere thanks to a fire department and a local union of
the International Association of Fire Fighters (IAFF) in Southern
California for their support and input in this study. The fire department
and union had no decision-making role in the decision to publish study
results or the content of the publication. This study was supported by
the Centers for Disease Control and Prevention (CDC)/National
Institute for Occupational Safety and Health (NIOSH) (Grant #,
5R210H009911-02). This study was partially supported by the
Gangwon Cardiovascular Health Research Institute, South Korea. Its
contents are solely the responsibility of the authors and do not
necessarily represent the official views of the CDC/NIOSH or the

Gangwon Cardiovascular Health Research Institute.

ETHICS APPROVAL AND INFORMED CONSENT

The protocol of this study was approved by the Institutional Review
Board (IRB) of the University of California, Irvine. All firefighters in this
study were fully informed of the study and signed written informed
consent forms.

DISCLOSURE (AUTHORS)

The authors report no conflict of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD

Rodney Ehrlich declares that he has no conflict of interest in the review

and publication decision regarding this article.

DISCLAIMER

None.

ORCID

BongKyoo Choi http://orcid.org/0000-0002-7087-9378

INDUSTRIAL MEDI El

REFERENCES

1. Geibe JR, Holder J, Peeples L, Kinney AM, Burress JW, Kales SN.
Predictors of on-duty coronary events in male firefighters in the
United States. Am J Cardiol. 2008;101:585-589.

2. Kales SN, Soteriades ES, Christophi CA, Christiani DC. Emergency
duties and deaths from heart disease among firefighters in the United
States. N Engl J Med. 2007;356:1207-1215.

3. Yang J, Teehan D, Farioli A, Baur DM, Smith D, Kales SN. Sudden
cardiac death among firefighters <45 years of age in the United States.
Am J Cardiol. 2013;112:1962-1967.

4. U.S. Fire Administration. 2016. Firefighter fatalities in the United
States in 2015. Available at https://www.usfa.fema.gov/downloads/
pdf/publications/ff_fatalities_2015.pdf

5. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management
of the metabolic syndrome: an american heart Association/National
heart, lung, and blood institute scientific statement. Circulation.
2005;112:2735-2752.

6. Gami AS, Witt BJ, Howard DE, et al. Metabolic syndrome and risk of
incident cardiovascular events and death: a systematic review and
meta-analysis of longitudinal studies. J Am Coll Cardiol. 2007;49:
403-414.

7. Lorenzo C, Okoloise M, Williams K, Stern MP, Haffner SM. San antonio
heart study. Diabetes Care. 2003;26:3153-3159.

8. McNeill AM, Rosamond WD, Girman CJ, et al. The metabolic
syndrome and 11-year risk of incident cardiovascular disease in the
atherosclerosis risk in communities study. Diabetes Care. 2005;28:
385-390.

9. Malik S, Wong ND, Franklin SS, et al. Impact of the metabolic
syndrome on mortality from coronary heart disease, cardiovascular
disease, and all causes in United States adults. Circulation. 2004;110:
1245-1250.

10. Rutter MK, Meigs JB, Sullivan LM, D'Agostino RB, Sr, Wilson PW. C-
reactive protein, the metabolic syndrome, and prediction of cardio-
vascular events in the Framingham offspring study. Circulation.
2004;110:380-385.

11. Suzuki T, Voeks J, Zakai NA, et al. Metabolic syndrome, C-reactive
protein, and mortality in U.S. blacks and whites: the reasons for
geographic and racial differences in stroke (REGARDS) study. Diabetes
Care. 2014,;37:2284-2290.

12. Baur DM, Christophi CA, Kales SN. Metabolic syndrome is inversely
related to cardiorespiratory fitness in male career firefighters.
J Strength Cond Res. 2012;26:2331-2337.

13. Donovan R, Nelson T, Peel J, Lipsey T, Voyles W, Israel RG.
Cardiorespiratory fitness and the metabolic syndrome in firefighters.
Occup Med. 2009;59:487-492.

14. National Institute for Occupational Safety and Health (NIOSH). 2007.
Preventing fire fighter fatalities due to heart attacks and other sudden
cardiovascular events. Cincinnati, OH: NIOSH. 32 p. Available at
https://www.cdc.gov/niosh/docs/2007-133/pdfs/2007-133.pdf

15. Inbar O, Oren A, Scheinowitz M, Rotstein A, Dlin R, Casaburi R. Normal
cardiopulmonary responses during incremental exercise in 20- to 70-
yr-old men. Med Sci Sports Exerc. 1994;26:538-546.

16. Inoue T, Iseki K, Iseki C, Ohya Y, Kinjo K, Takishita S. Effect of heart
rate on the risk of developing metabolic syndrome. Hypertens Res.
2009;32:801-806.

17. Licht CM, de Geus EJ, Penninx BW. Dysregulation of the autonomic
nervous system predicts the development of the metabolic syndrome.
J Clin Endocrinol Metab. 2013;98:2484-2493.

18. Oda E, Aizawa Y. Resting heart rate predicts metabolic syndrome in
apparently healthy non-obese Japanese men. Acta Diabetol. 2014;51:
85-90.

19. Wang S, Liu K, Zhang X, et al. Elevated resting heart rate predisposes
metabolic syndrome in women rather than in men: a 15-year
prospective study. BMC Cardiovasc Disord. 2015;15:110.


http://orcid.org/0000-0002-7087-9378
https://www.usfa.fema.gov/downloads/pdf/publications/ff_fatalities_2015.pdf
https://www.usfa.fema.gov/downloads/pdf/publications/ff_fatalities_2015.pdf
https://www.cdc.gov/niosh/docs/2007-133/pdfs/2007-133.pdf

L - WILEY
20.
21.
22.
23.
24.
25.
26.

27.

28.
29.
30.
31

32.

33.
34.

35.

CHOI ET AL

Waulsin LR, Horn PS, Perry JL, Massaro JM, D'Agostino RB. Autonomic
imbalance as a predictor of metabolic risks, cardiovascular disease,
diabetes, and mortality. J Clin Endocrinol Metab. 2015;100:
2443-2448.

Jiang X, Liu X, Wu S, et al. Metabolic syndrome is associated with and
predicted by resting heart rate: a cross-sectional and longitudinal
study. Heart. 2015;101:44-49.

Tomiyama H, Yamada J, Koji Y, et al. Heart rate elevation precedes the
development of metabolic syndrome in Japanese men: a prospective
study. Hypertens Res. 2007;30:417-426.

Choi BCK. A technique to re-assess epidemiologic evidence in light of
the healthy worker effect: the case of firefighting and heart disease.
J Occup Environ Med. 2000;42:1021-1034.

Davis SC, Jankovitz KZ, Rein S. Physical fitness and cardiac risk factors
of professional firefighters across the career span. Res Q Exerc Sport.
2002;73:363-370.

Chaitman BR. Abnormal heart rate responses to exercise predict
increased long-term mortality regardless of coronary disease extent:
the question is why? J Am Coll Cardiol. 2003;42:839-841.

Cheng YJ, Macera CA, Church TS, Blair SN. Heart rate reserve as a
predictor of cardiovascular and all-cause mortality in men. Med Sci
Sports Exerc. 2002;34:1873-1878.

Sandvik L, Erikssen J, Ellestad M, et al. Heart rate increase and maximal
heart rate during exercise as predictors of cardiovascular mortality: a
16-year follow-up study of 1960 healthy men. Coron Artery Dis.
1995;6:667-679.

Choi B, Schnall P, Dobson M, et al. Exploring occupational and
behavioral risk factors for obesity in firefighters: a theoretical
framework and study design. Saf Health Work. 2011;2:301-312.
Choi B, Ko S, Dobson M, et al. Short-term test-retest reliability of the job
content questionnaire and effort-reward Imbalance Questionnaire items
and scales among professional firefighters. Ergonomics. 2014;57:897-911.
Dobson M, Choi B, Schnall PL, et al. Exploring occupational and health
behavioral causes of firefighter obesity: a qualitative study. Am J Ind
Med. 2013;56:776-790.

Choi B, Schnall P, Dobson M. Twenty-four-hour work shifts, increased
job demands, and elevated blood pressure in professional firefighters.
Int Arch Occup Environ Health. 2016a;89:1111-1125.

Choi B, Steiss D, Garcia-Rivas J, et al. Comparison of body mass index
with waist circumference and skinfold-based percent body fat in
firefighters: adiposity classification and associations with cardiovas-
cular disease risk factors. Int Arch Occup Environ Health.
2016b;89:435-448.

Lee J, Chia KS. Estimation of prevalence rate ratios for cross sectional data:
an example in occupational epidemiology. Br J Ind Med. 1993;50:861-862.
Fox K, Borer JS, Camm AJ, et al. Heart rate working group. J Am Coll
Cardiol. 2007;50:823-830.

Materson BJ. Calcium channel blockers: is it time to split the lump? Am
J Hypertens. 1995;8:325-329.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Materson BJ, Reda DJ, Williams DW. Comparison of effects of
antihypertensive drugs on heart rate: changes from baseline by
baseline group and over time. Am J Hypertens. 1998;11:597-601.
Leischik R, Foshag P, Strauf3 M, et al. Aerobic capacity, physical activity
and metabolic risk factors in firefighters compared with police officers
and sedentary clerks. PLoS ONE. 2015;10:e0133113.

Le A, Judd SE, Allison DB, et al. The geographic distribution of obesity
in the US and the potential regional differences in misreporting of
obesity. Obesity. 2014;22:300-306.

Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the
metabolic syndrome in the United States, 2003-2012. JAMA.
2015;313:1973-1974.

Ostchega VY, Porter KS, Hughes J, Dillon CF, Nwankwo T. Resting pulse
rate reference data for children, adolescents, and adults: United
States, 1999-2008. Natl Health Stat Report. 2011;41:1-16.

Palatini P. Need for a revision of the normal limits of resting heart rate.
Hypertension. 1999;33:622-625.

Liu X, Luo X, Liu Y, et al. Resting heart rate and risk of metabolic
syndrome in adults: a dose-response meta-analysis of observational
studies. Acta Diabetol. 2016;54:223-235.

National Fire Protection Agency. 2013. Standard on Comprehensive
Occupational Medical Program for Fire Departments (NFPA® 1582).
Available at https://www.nfpa.org/codes-and-standards/document-
information-pages?mode = code&code = 1582.

National Fire Protection Agency. 2015. Standard on Health-Related
Fitness Programs for Fire Department Members (NFPA® 1583).
Available at https://www.nfpa.org/codes-and-standards/document-
information-pages?mode = code&code = 1583.

Choi B, Garcia J, Kim HR, et al. Occupational determinants of aerobic
exercise at work and during leisure time in male firefighters. Presented
at the 6th ICOH International Conference on Work Environment and
Cardiovascular Disease, March 27-30, 2013, Tokyo, Japan.
Hollerbach AD, Sneed NV. Accuracy of radial pulse assessment by
length of counting interval. Heart Lung. 1990;19:258-264.
Kobayashi H. Effect of measurement duration on accuracy of pulse-
counting. Ergonomics. 2013;56:1940-1944.

Palatini P, Benetos A, Grassi G, et al. European society of hypertension.
2006. Identification and management of the hypertensive patient with
elevated heart rate: statement of a European Society of Hypertension
Consensus Meeting. J Hypertens. 24:603-610.

How to cite this article: Choi B, Ko S, Kojaku S. Resting
heart rate, heart rate reserve, and metabolic syndrome in
professional firefighters: A cross-sectional study. Am J Ind
Med. 2017;60:900-910. https://doi.org/10.1002/ajim.22752



https://www.nfpa.org/codes-and-standards/document-information-pages?mode = code&code = 1582
https://www.nfpa.org/codes-and-standards/document-information-pages?mode = code&code = 1582
https://www.nfpa.org/codes-and-standards/document-information-pages?mode = code&code = 1583
https://www.nfpa.org/codes-and-standards/document-information-pages?mode = code&code = 1583
https://doi.org/10.1002/ajim.22752

