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Objective: Firefighters are plagued with cardiometabolic disease (CMD). Obe-
sity, poor cardiorespiratory and muscular fitness, and blood lipids (low-density
lipoprotein cholesterol, triglycerides, low high-density lipoprotein cholesterol)
are risk factors for CMD. However, markers of oxidative stress, inflammation,
and insulin resistance can provide further insight regarding CMD risk.
Methods: This study investigated the relationships between fitness metrics
(cardiorespiratory and muscular fitness, percent body fat, waist circumference),
blood lipids, blood pressure, and years of experience as a firefighter to blood
markers of insulin resistance: Homeostatic Model Assessment for Insulin Resis-
tance (HOMA-IR), oxidative stress: advanced oxidation protein products (AOPPs),
and inflammation: C-reactive protein.Results:Waist circumference and blood con-
centrations of triglycerideswere significantly related toAOPPs andHOMA-IR.Car-
diorespiratory fitness was inversely related to AOPPs, HOMA-IR and C-reactive
protein. Conclusion: These findings demonstrate the importance of high cardiore-
spiratory fitness and low waist circumference to reduce markers of CMD.

Keywords: cardiovascular, diabetes, fire, health, insulin resistance, oxidative
stress, stress, tactical occupation

Sudden cardiac death is the leading cause of mortality that fire-
fighters face in the line of duty, which accounts for approximately

50% of deaths.1,2 Firefighters are exposed to numerous stressors in-
cluding intense physical exertion, exposure to heat and smoke, and
psychological stress, which leads to cardiovascular strain, impaired
vascular function, oxidative stress, and inflammation, contributing to
increased risk for developing cardiovascular disease (CVD).3,4 Chronic
exposure to these stressors can cause inflammation and oxidative stress,
which are main contributors to CVD and other cardiometabolic dis-
eases.2,5 Firefighters have also been shown to demonstrate traditional
risk factors for CVD such as high concentrations of blood triglycerides
(TAGs), cholesterol, and lower concentrations of high-density lipo-
protein cholesterol.6 Moreover, firefighters have been shown to
have a high prevalence of obesity,6,7 which is another factor that
contributes to chronic low-grade inflammation and oxidative stress
and has been shown to be a primary cause of CVD, especially when
the obesity is associated with excessive central adiposity (ie, elevated
waist circumference).8–10

Oxidative stress and inflammation play a key role in the progres-
sion of cardiometabolic disease (ie, CVD and insulin resistance)11 in ad-
dition to neurodegenerative diseases and cancer.12–14 In fact, blood
markers of oxidative stress and inflammation have been considered to
be predictive biomarkers for CVD risk15 and provide better insight re-
lated to cardiometabolic health as opposed to the use of traditional bio-
markers alone (ie, blood lipids and glucose [GLU]).16–18 For example,
C-reactive protein (CRP) has been extensively evaluated by the Centers
for Disease Control and Prevention and the American Heart Association
in relation to its role in CVD progression.18 Moreover, high-sensitivity
detection of CRP is widely used among clinical laboratories as a supple-
mentary tool to predict inflammatory status and subsequent risk for an
adverse cardiovascular event.19,20 Although CRP concentrations can
vary significantly between demographics such as age, sex, race, and eth-
nic groups, the concentrations less than 1, 1 to 3, and greater than
3.0 mg/L have been identified as being indicative of low, moderate,
and high risks for CVD, respectively,18,21 and very high concentrations
of CRP (>10 mg/L) have been identified as an independent predictor of
CVD-related mortality.16,22 Inflammatory markers, such as CRP, are
useful tools in predicting cardiometabolic health16; however, more work
is needed to further explore its usefulness among the fire community.
Regardless, the combination of traditional markers of CVD (ie, blood
lipids and GLU) and markers of oxidative stress and inflammation is
most useful in gauging cardiometabolic health.16

In terms of fitnessmetrics, theminimum standard for aerobic capac-
ity is 42mL · kg−1 · min−1 (or within a range of 39 to 45mL · kg−1 ·min−1),
which is recommended for firefighter to successfully perform and
complete various occupational-specific tasks efficiently and with less
fatigue.23–25 Moreover, recent work has shown that fitness measures
such as lower body strength and time to exhaustion (TTE) during a
V̇O2peak test were significant predictors to improved work efficiency
during a simulated fire grounds test in professional firefighters.26

However, it should also be noted that individuals with higher V̇O2max
values have a lower risk for developing CVD and demonstrate lower
markers of inflammation and oxidative stress.27–29 Firefighters are
frequently required to perform tasks that require a significant amount
of cardiorespiratory conditioning, in addition to muscular strength
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� Firefighters are plagued with high rates of cardiovascular disease
compared with the general population.

� High waist circumference was significantly related to in-
creased blood markers of cardiometabolic disease in pro-
fessional firefighters.

� Cardiorespiratory fitness was inversely related to blood markers
of cardiometabolic disease.
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and/or endurance such as carrying heavy objects, advancing charged
hose lines, climbing several flights of stairs with equipment, victim
drag/carry, search and rescue, and forceful entry.30 Interestingly, muscular
strength and endurance are also inversely related toCVD risk.31,32 Thus, it
is important to note that improving aerobic capacity andmuscular strength
and endurance is ideal for execution of occupational-specific tasks, but
also significant for improving cardiometabolic health. However, research
is needed to examine this relationship in firefighters specifically.

A recent study by Strauss et al33 examined the relationship be-
tween markers of cardiorespiratory fitness (CRF) and CVD risk factors
in German firefighters. This study demonstrated an inverse relationship
between increased CRF and body mass index, body fat percentage,
blood pressure (BP), and blood concentrations of TAGs and choles-
terol.33 However, to our knowledge, no study has examined this rela-
tionship in conjunction with years of experience as a firefighter, as well
as markers of inflammation, oxidative stress, and insulin resistance.
Therefore, the purpose of this study was to examine the relationship
(if any) between a variety of fitness metrics including V̇O2max, body
composition, and muscular strength, endurance, and flexibility vari-
ables in relation to traditional markers of CVD (blood lipids, GLU),
as well as markers of inflammation (CRP) and oxidative stress (ad-
vanced oxidation protein products [AOPPs]) and insulin resistance as
quantified by the Homeostatic Model Assessment for Insulin Resis-
tance (HOMA-IR).

METHODS

Participants
Ninety-eight apparently healthy professional, male firefighters

from a local fire department (Bryan, Texas) were studied (Table 1).

Participants completed a health and lifestyle history questionnaire to
identify potential risk factors for heart disease, skeletal muscle injury,
orthopedic risk, and/or any contraindications to exercise. The assess-
ment procedures used in this study were approved by the university's
institutional review board, and all participants provided written and
verbal informed consent before participation.

Testing Procedures
Anthropometric and demographic data including age, height,

total body mass, percent body fat (%BF), fat-free mass, and waist
and hip circumference measurements were collected in addition to
other fitness metrics including muscular endurance and maximal oxy-
gen uptake for all participants. Participants were 12-hour fasted before
testing sessions. Resting heart rate (HR) and BP measurements were
taken following the American College of Sports Medicine (ACSM)
guidelines.34 Before body composition assessment, participant height
and bodymass weremeasured using amedical-grade scale (SecaModel
700, Hamburg, Germany). Waist and hip circumference measurements
were taken following theWorld Health Organization standards for waist
circumference and waist-to-hip ratio.35 Dual-energy x-ray absorptiome-
try scans (Hologic Horizon A, Marlborough, MA) were used to acquire
body composition values including total body mass, %BF, and fat-free
mass. In addition, a maximal graded exercise test (GXT) was performed
using the Bruce protocol36 on a standard treadmill (Quinton Q Stress
System [Cardiac Science Corporation, Bothell, WA] with TM65 tread-
mill) to determine V̇O2max. Participants were instructed to follow a stan-
dard GXT protocol and continue the test until they reach exhaustion.
Time to exhaustion was recorded and used to predict V̇O2max via the
Foster equation,37 which can be found in the Supplemental Digital
Content, http://links.lww.com/JOM/B227.

Participants followed the ACSM criteria and protocols subse-
quently described for fitness metrics including sit-ups, push-ups, and
vertical jump.34Forboth thepush-upand sit-upassessments, participantswere
instructed to perform as many repetitions as possiblewithout stopping within
1minute.38 Next, participants performed three vertical jumps, and the highest
distance in inches was recorded.39 A pressure “Just Jump” Probotics
mat (Warren, PA) was used to record the hang time and jump height
in inches. Participantswere instructed to squat to a positionwith the knees
in a 90° angle and the hands by the side. Upon instruction, the participant
performed three vertical jumps straight up as high as possible while
reaching their hands up toward the ceiling, without tucking the legs,
and land with both feet on the mat. Finally, the participants completed a
sit-and-reach assessment following the ACSM criteria and protocols.34

Blood Collection Procedures
Venous blood samples approximately 8.5 mL were collected

into serum separation tubes (BD Vacutainer®; Becton, Dickinson

TABLE 1. Sample Characteristics

n Mean SD Range

Age, y 95 36.26 9.08 20–60
Professional experience, y 88 11.81 8.00 0.83–35
V̇O2max, mL · kg−1 · min−1 94 36.17 7.08 21.10–55.29
Waist circumference, cm 95 96.51 10.48 73.66–132.08
Height, cm 95 179.54 7.07 149.86–194.31
Body fat, % 95 24.39 5.21 13.8–39.6
AOPPs, μM 93 129.43 88.84 50.93–411.64
HOMA-IR 98 0.68 0.69 0.1–5.2
CRP, ng/mL 93 35,511.14 32,166.18 1,511.26–130,363.30

AOPPs, advanced oxidation protein products; CRP, C-reactive protein; HOMA-IR, Ho-
meostatic Model Assessment for Insulin Resistance.

TABLE 2. OLS Regression of Blood Markers by Demographics, HR, and BP

AOPPsa HOMA-IRa CRPa

b SE β b SE β b SE β

Years of experience 0.01 0.01 0.19 0.00 0.01 0.04 0.00 0.02 0.01
RHR 0.00 0.01 0.01 −0.00 0.01 −0.03 −0.01 0.01 −0.09
Resting SBP 0.00 0.01 0.06 0.00 0.01 0.02 0.01 0.02 0.08
Resting DBP 0.01 0.01 0.09 0.03 0.01 0.37** 0.04 0.02 0.29*
Constant 3.16 1.06 −2.98 1.08 6.17 1.93
Adjusted R2 0.02 0.11 0.07
n 84 87 82

aDependent variable log transformed.
*P ≤ 0.05, **P ≤ 0.01.
AOPPs, advanced oxidation protein products; BP, blood pressure; CRP, C-reactive protein; DBP, diastolic blood pressure; HOMA-IR, Homeostatic Model Assessment for Insulin Re-

sistance; HR, heart rate; OLS, ordinary least-squares; RHR, resting heart rate; SBP, systolic blood pressure.
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and Company, Franklin Lakes, NJ) via venipuncture in more than 8-hour
fasted state from an antecubital vein. Blood samples were left at room
temperature to clot for 30 minutes before they were centrifuged at
2500 revolutions/min for 15 minutes at 4°C. One aliquot of serum was
immediately transported on ice to a clinical laboratory for analysis of total
cholesterol, TAGs, high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol, and GLU. A second aliquot of serum was frozen at
−80°C and analyzed for concentrations of insulin, as well as a marker
of oxidative stress and inflammation—AOPPs and ultrasensitive CRP.
Analyses of concentrations of insulin, AOPPs, and CRP were conducted
in duplicate and performed using commercial assay kits: CRP (Eagle Bio-
sciences, Amherst, NH), insulin (IN374S; Calbiotech, El Cajon, CA), and
AOPPs (Cell Biolabs, San Diego, CA). All procedureswere adhered to as
instructed by the kit manufacturer, and absorbance was detected
using a BioTek colorimetric plate reader (Winooski, VT). Homeostatic
Model Assessment for Insulin Resistance was calculated by fasting
GLU (mg/dL) � fasting insulin (μU/mL)/405.40

Statistical Analysis
All statistical analyses were conducted via Stata v.16.1 (College

Station, TX). The primary analysis technique to assess relationship for
AOPPs, CRP, and HOMA-IR was ordinary least-squares (OLS) re-
gression. Tables present both unstandardized (b) and standardized
(β) coefficients across the models. All OLS models were tested for
multicollinearity and heteroscedasticity by assessing variance inflation
factor scores and Breusch-Pagan tests, respectively. All variance infla-
tion factor scores were less than 4, indicating no multicollinearity pres-
ent. Some models presented heteroscedastic values for the dependent
variable. In these instances, we performed a logarithmic transformation
on the dependent variable. Transformations are noted in theOLS results.
Principal components analysis and bivariate correlation matrices are
also presented where appropriate.

RESULTS
Samples were collected from all 98 participants. Outlier values

(ie, values over 3 SDs from the mean) were removed. Other samples may
have been undetectable (either too low or too high relative to the standard
curve). This resulted in the removal of five observations from the CRP de-
pendent variable and five observations from the AOPP dependent variable.
In addition, a few of the participants were unable to provide demographic
data. As such, each model presented indicates the sample size represented.
Table 1 presents baseline characteristics of the sample.

Participant Demographics, HR, and BP
None of the presented demographic, HR, or BPmeasures had a

significant impact on concentrations of AOPPs (Table 2). However, a

higher resting diastolic BP was significantly related to higher levels
of HOMA-IR and CRP when controlling for the presence of the
other variables.

Blood Markers
Regarding the blood markers, TAGs were found to positively

increase AOPP levels when controlling for the other blood markers
in the model. The AOPPmodel also accounted for 67% of the variance
present in the AOPP dependent variable (Table 3). The HOMA-IR
values were increased by both GLU and TAGs. This model accounted
for 47% of the variance present in the HOMA-IR dependent variable.
Although there were significant findings for AOPPs and HOMA-IR,
none of the blood markers seem to have a significant impact on CRP.

Fitness Metrics
Regarding the series of fitness-related tasks to including sit-ups,

push-ups, vertical jumps, grip strength, and sit-and-reach exercises, a prin-
cipal components analysis was used to determine howmany, if any, of the
fitness tasks were related to a larger construct of overall fitness. Three of
the itemswere correlatedwith each other (r> 0.5). A subsequent principal
components analysis with oblimin rotation showed these three items
loaded into a single factor (Cronbach α = 0.81). Table 4 presents the indi-
vidual items and their respective loadings. The fitness scale was additive,
and values ranged from 85.65 to 225.1 (mean, 153.71 [SD, 24.60]), with
higher values representing higher levels of fitness.

Table 5 presents OLS regression models using the fitness scale
and TTE during the GXT as independent variables. Increased TTE
during the V̇O2max test was significantly related to lowering AOPPs,
HOMA-IR, and CRP levels when controlling for the fitness levels of
participants. Note that both predicted V̇O2max and TTE were analyzed
as independent variables in separate models. However, results for TTE
are shown in Table 5; the TTE explained slightly more of the model
variance with regard to AOPPs, HOMA-IR, and CRP levels (although
the direction was identical, the magnitude of the relationship was
slightly larger than the V̇O2max model). Adjusted R

2 for V̇O2max ranged
from 5% to 15% compared with 9% to 15% for TTE. The results for the

TABLE 3. OLS Regression of Blood Markers by Blood Markers

AOPPsa HOMA-IR CRP

b SE β b SE β b SE β

Glucose −0.01 0.00 −0.04 0.03 0.01 0.56*** 621.68 311.93 0.21
Cholesterol 0.00 0.00 0.04 −0.01 0.00 −0.24 333.89 272.63 0.34
Triglycerides 0.01 0.00 0.80*** 0.00 0.00 0.34** 0.84 70.35 0.00
HDL 0.00 0.01 0.04 0.01 0.01 0.10 −1,495.88 898.38 −0.53
Risk ratio LDL/HDL 0.04 0.15 0.06 0.19 0.21 0.26 −16,254.57 13,609.5 −0.47
Constant 3.84 0.55 −2.80 0.73 30,313.69 47,886.8
Adjusted R2 0.67 0.47 0.07
n 92 93 89

aDependent variable log transformed.
**P ≤ 0.01, ***P ≤ 0.001.
AOPPs, advanced oxidation protein products; CRP, C-reactive protein; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL,

low-density lipoprotein; OLS, ordinary least-squares.

TABLE 4. Fitness Scale Principal Components Analysis

Items Factor Loadings Mean SD

Sit-up 0.87 37.68 9.40
Vertical 0.85 19.49 4.00
Push-up 0.81 44.33 15.49

Cronbach α = 0.81.
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V̇O2maxmodel can be found in the Supplemental Digital Content, http://
links.lww.com/JOM/B227.

Body Composition
With respect to body composition, participant waist circumfer-

ence and%BFwere used to estimate changes in the blood markers. An
increase in waist circumference was positively correlated with an in-
crease in AOPP concentrations and HOMA-IR but not CRP concen-
trations. An increase in body fat percentage was significantly related
to an increase in CRP concentrations (Table 6).

Blood Marker Correlations
While the previous results examined relationships between a

series of independent variables and AOPPs, CRP, and HOMA-IR,
Table 7 presents bivariate correlations between the blood markers. Ho-
meostatic Model Assessment for Insulin Resistance was correlated
with AOPPs and CRP at the 0.05 level of statistical significance. How-
ever, AOPPs and CRP did not exhibit a positive bivariate relationship.

DISCUSSION
The main findings of this study show significant relationships

between waist circumference, body fat percentage, and CRF (demon-
strated by TTE during the GXT and predicted V̇O2max) in relation to
blood markers of oxidative stress, inflammation, and insulin resis-
tance. More specifically, blood concentrations of oxidative stress as
measured by AOPPswere significantly related to blood concentrations
of TAGs, as well as waist circumference and CRF. The HOMA-IR and
CRP concentrations were significantly related to CRF as well. This is
the first study to our knowledge to examine the relationships of fitness
metrics to blood markers of oxidative stress and insulin resistance.
These findings underscore the importance of maintaining high CRF
status among firefighters to reduce risk for CVD. Given these find-
ings, certain blood biomarkers as measures here (eg, AOPPs, CRP,
and HOMA-IR) could serve as a useful tool for clinically assessing
cardiometabolic disease risk in firefighters.

The relationship between body fat and inflammation has been
widely documented such that elevated body fat percentages and in-
creased android adiposity (ie, belly fat) are linked to high levels of in-
flammation including biomarkers interleukin 6, and CRP.41,42 In fact,
adipose tissue acts as a highly active endocrine organ secreting numer-
ous hormones and adipokines that have a profound impact on numer-
ous aspects of physiology including, but not limited to, regulation of
energy intake, metabolism, and inflammatory process.43 Increased
amounts of central adiposity have been shown to increase circulating
concentrations of proinflammatory adipokines such as tumor necrosis
factor α and resistin, which are known to cause insulin resistance.44–46

Thus, it is not surprising that numerous studies have correlated increased
amounts of android adiposity with chronic inflammation and insulin
resistance.43,47–49 Moreover, android fat has been previously identified
as a more accurate predictor of inflammation than bodymass index in pa-
tients with type 2 diabetes mellitus.42 Although these relationships among
firefighters have yet to be elucidated, the results from the present study
suggest waist circumference and body fat percentage are related to
markers of cardiometabolic health as measured by HOMA-IR, AOPPs,
and CRP concentrations.

With respect to CRF, extensive work has suggested the useful-
ness of CRF in predicting CVD-related mortality.50 In fact, CRF has
been shown to be more useful in predicting adverse CVD-related events
than alternate methods such as ST-segment depression and hemody-
namic responses.50–53 Cardiorespiratory fitness, as directly quantified
by measuring respiratory gas exchange during GXTs (ie, V̇O2max/
V̇O2peak), has been shown to be inversely related to markers of inflam-
mation and oxidative stress27 and is one of the most effective predictors
of fatal and nonfatal CVD-related events.50 Moreover, individuals who
regularly exercise are less susceptible to oxidative stress and inflamma-
tion.54,55 This is explained by the hormesis hypothesis, such that acute
exposure tomild oxidative stress (via exercise) results in favorable adap-
tations in terms of increased antioxidant status to mitigate oxidative
stress.56,57 Chronic exercise training results in improvements to aerobic
exercise capacity and numerous cellular changes (eg, mitochondrial
biogenesis, increased concentrations of aerobic/lipolytic enzymes, and

TABLE 5. OLS Regression of Blood Markers by Fitness Measures

AOPPs HOMA-IRa CRPa

b SE β b SE β b SE β

Fitness 0.08 0.43 0.02 −0.00 0.00 −0.07 0.00 0.01 −0.05
Time to exhaustion −18.71 6.60 −0.35** −0.17 0.05 −0.42*** −0.27 0.08 −0.39**
Constant 317.25 66.85 1.48 0.48 13.19 0.83
Adjusted R2 0.09 0.19 0.15
n 86 91 86

aDependent variable log transformed.
**P ≤ 0.01, ***P ≤ 0.001.
AOPPs, advanced oxidation protein products; CRP, C-reactive protein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; OLS, ordinary least-squares.

TABLE 6. OLS Regression of Blood Markers by Fat Measures

AOPPsa HOMA-IRa CRP

b SE β b SE β b SE β

Waist circumference 0.08 0.02 0.54*** 0.05 0.02 0.32* 222.99 1,210.26 0.03
Fat percentage −0.02 0.02 −0.17 0.03 0.02 0.24 2,155.82 938.98 0.33*
Constant 2.28 0.55 −3.49 0.61 −24,372.26 33,669.30
Adjusted R2 0.17 0.26 0.10
n 92 95 90

aDependent variable log transformed.
*P ≤ 0.05, ***P ≤ 0.001.
AOPPs, advanced oxidation protein products; CRP, C-reactive protein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; OLS, ordinary least-squares.
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increased antioxidant capacity).54 Recent work by Strauss et al33 dem-
onstrated significant inverse relationships between CRF levels and car-
diovascular risk factors in firefighters. Specifically, the authors reported
lower bodymass index, waist circumference, body fat percentage, blood
TAG and cholesterol concentrations, and resting BP and HR in fire-
fighters.33 The findings from the present study provide additional sup-
port to those reported by Strauss et al.33 In addition, the present findings
also show an inverse relationship with increasing levels of CRF and
blood markers of inflammation, oxidative stress, and insulin resistance.
These findings are important to the firefighter community given the
high prevalence of CVD and metabolic syndrome.2,58

With respect to muscular fitness, the current findings do not
suggest significant relationships between muscular fitness and blood
markers of CVD risk. However, a review by Artero et al32 provides
an overview between the importance of muscular strength/fitness in
relation to reduced risk for all-cause mortality, obesity, hypertension,
and metabolic syndrome. Other work suggests that CRF and muscular
strength are inversely related to long-term risk for heart failure in
Swedish military service personnel.59 In terms of proposed mecha-
nisms, higher levels of muscular strength may be associated with re-
duced android adiposity, improved lipid profiles and insulin sensitiv-
ity, and reduced inflammation.32

It should be mentioned that the current study does have some
limitations. First, the present study used a sample from a single depart-
ment in Texas. Thus, future studies should examine a larger scale pop-
ulation sample to further extrapolate findings. In addition, one single
time point was used for analysis (ie, blood sample, GXT). This could
also be viewed as a limitation especially because acute changes in oc-
cupational factors (eg, call frequency, intensity, acute stressors) may
impact some of the results. Future studies involving physiological met-
rics should attempt to record call frequency, type, and/or intensity.

In summary, our data demonstrate significant relationships be-
tween physical and biochemical measures of health in professional fire-
fighters, with waist circumference and blood concentrations of TAGs
significantly related to AOPPs and HOMA-IR. Moreover, CRF was in-
versely related to AOPPs, HOMA-IR, and CRP. Collectively, these find-
ings highlight the importance of maintaining a high level of CRF and
low waist circumference to reduce cardiometabolic risk, such as insulin
resistance, oxidative stress, and inflammation. Future studies should
seek to extend these findings, while also continuing to examine rela-
tionships between muscular fitness metrics and markers of cardiomet-
abolic disease in firefighters and other tactical occupations.
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