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Objective: Firefighters experience chronic stress that contributes to elevated cardiometabolic 

disease (CMD) risk. This study examined associations between blood and salivary biomarkers of 

inflammation, stress, and oxidative stress with measures of body composition, fitness, and 

cardiometabolic health among firefighters (n = 140). Methods: Principal components analysis 

was used to reduce multicollinearity among body composition, physical performance, and 

cardiometabolic variables, followed by multivariate regression models predicting adiponectin, C-

reactive protein (CRP), and interleukin-6 (IL-6) concentrations. Results: Body mass and 

composition, fitness, and atherogenic dyslipidemia were associated with multiple biomarkers. 

Salivary IL-6 demonstrated robust associations with body composition, physical performance, 

and salivary CRP. Blood adiponectin and CRP were strongly associated with atherogenic 

dyslipidemia, insulin resistance and oxidative stress. Conclusions: Salivary inflammatory 

biomarkers, particularly IL-6, may provide a feasible complement to blood biomarkers for 

identifying CMD risk among firefighters. 

Keywords: firefighting, heart disease, cardiovascular disease, oxidative stress, insulin resistance  

Learning Outcomes: 

 Blood and salivary pro-inflammatory biomarkers are positively associated with adiposity, 

cardiometabolic risk, and negatively associated with physical fitness among career, 

structural firefighters. 

 Salivary interleukin-6 demonstrated robust positive associations with metabolic risk, and 

negative associations with physical fitness. 

 Blood markers of oxidative stress were positively associated with markers of insulin 

resistance and inflammation. 
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1. Introduction 

Firefighting is one of the most physiologically and psychologically demanding occupations in 

contemporary society, with the National Fire Protection Association (NFPA) reporting that in 

2024, approximately 60% of on-duty fatalities are attributed to overexertion and stress as the 

“causes” and the nature of these deaths being due to a significant cardiac event (i.e., sudden cardiac 

death) (1). Importantly, the prevalence of these on-duty deaths, both in cause and nature, has 

remained at approximately 50% over the last four decades, suggesting that cardiovascular disease 

(CVD) continues to represent a major concern within the fire service (1-7). These indices of cardiac 

fatalities among firefighters have been attributed to underlying physiological stress and 

cardiovascular strain (8, 9) that compound over time to increase a firefighter's exposure to 

oxidative stress, inflammation, and chronic stress, which can ultimately increase their risk of CVD 

and premature mortality (10-12). Compounding these physiological demands, firefighters are also 

exposed to work environments and conditions that may encourage sedentary behaviors and 

unhealthy dietary practices (e.g., frequent snacking), further augmenting CVD risk (13). Recent 

evidence also suggests that cumulative years of service may accelerate the aging process and 

increase the risk of poor health and physical performance, thereby compromising occupational 

readiness (14). Taken together, given that multiple occupation-related factors are associated with 

an increased risk of CVD, there is an urgent need to identify early screening parameters that can 

be leveraged to improve firefighter health, performance, and readiness. 

Firefighters are often conceptualized as a subgroup of tactical and occupational athletes, given that 

their duties require performing physically demanding tasks in environmentally challenging 

conditions (e.g., exposure to extreme heat and smoke). Accordingly, structural firefighters 

routinely experience emergency responses that can result in sustained heart rates up to 
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approximately 84-100% of maximal heart rate (HRmax), peak blood lactate concentrations of 6 to 

13 mmol/L, and oxygen uptake values (V̇O2max) ranging between 39 to 45 mL/kg/min or greater 

(15-18). Despite these occupational demands, multiple research groups (19, 20) have assessed 

firefighters’ cardiorespiratory capacity and demonstrated that career male and female firefighters 

may be below the ideal V̇O2max level recommended by the NFPA (21, 22) and researchers to 

meet occupational demands (13). For example, Tinsley and colleagues (20) reported that among 

3,867 US firefighters (i.e., 3,651 males and 216 females), median V̇O2max values were 32 

mL/kg/min for males and 31 mL/kg/min for females. Importantly, there is also evidence suggesting 

that firefighters with lower fitness levels exhibit higher concentrations of key oxidative stress and 

inflammatory biomarkers linked to a greater CVD risk (10-12, 23). For example, McAllister et al. 

(12) found that firefighters with higher V̇O2max had lower concentrations of advanced oxidation 

protein products (AOPP) and C-reactive protein (CRP) compared to their less-fit counterparts. 

Furthermore, McAllister et al. (11) and Gonzalez et al. (10) have demonstrated that blood CRP is 

associated with adiposity and one’s aerobic capacity. However, despite this growing body of work, 

there remains a paucity of data examining associations between salivary inflammatory biomarkers 

and indices of health and physical performance among firefighters. 

Several recent reports have not only demonstrated that oxidative stress and inflammatory 

biomarkers are associated with health and physical performance parameters among structural 

firefighters, but have also provided justification for the use of pragmatic proxies in place of 

clinical-grade laboratory-based testing procedures (10-12, 23). For instance, the findings of 

McAllister et al. (11) support the assessment and monitoring of simple anthropometric measures, 

such as waist circumference, given their association with oxidative stress and inflammatory 

biomarkers. This point is particularly salient, as a substantial proportion of the US fire service 
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(≈75%) is composed of volunteer firefighters, and some departments in predominantly rural areas 

may not have access to specific clinical-grade assessment tools. In this context, salivary 

biosampling may offer a non-invasive way to assess biomarkers, and monitoring can also be a 

feasible method for evaluating physiological, oxidative, and inflammatory stress. Given the 

established links between these types of biomarkers and CVD risk, it is reasonable that if there are 

associations with the salivary biomarkers, similarly to how past work has demonstrated 

associations with blood physiological stress, oxidative stress, and inflammation biomarkers, fire 

departments could leverage this non-invasive method of assessment and monitoring with 

partnerships between them and research teams. 

Chronic or repeated exposure to physiological stress, oxidative stress, and inflammation is 

common among individuals in high-stress occupations, including firefighters, and is associated 

with elevated CVD risk. Although past work has demonstrated that blood-based biomarkers, such 

as CRP, are related to key predictors of CVD risk, such as adiposity and cardiorespiratory fitness, 

to the authors’ knowledge, no data demonstrate similar associations with salivary biomarkers of 

physiological, oxidative, and inflammatory stress among firefighters. Therefore, the purpose of 

this study was to examine the associations between blood and salivary biomarkers of 

inflammation, physiological stress, and oxidative stress with various health and physical 

performance parameters, aiming to (1) expand current knowledge by exploring relationships 

among body composition, physical performance, and biomarkers of cardiometabolic health, 

inflammation, and oxidative stress, measured in both blood and saliva among firefighters; and (2) 

evaluate whether salivary inflammatory cytokines could serve as a non-invasive and practical tool 

for the early detection of cardiometabolic risk in firefighters. 
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2. Methods 

2.1. Participants and Experimental Design 

Data from 140 career structural firefighters employed by a South-Central U.S. fire department 

were analyzed. Participants gave written informed consent before completing questionnaires on 

health, wellness, and lifestyle history. These tools helped identify signs, symptoms, and diagnoses 

related to cardiometabolic and blood disorders. Eligibility included being 18–65 years old at the 

time of consent, currently working as a firefighter with the department, and providing consent. 

Data was collected in spring and summer 2024 during the department’s annual clinical and fitness 

tests. Testing took place over two days: first, during shift change, fasting blood samples were 

taken; second, participants completed clinical exercise physiology assessments (see Figure 1). All 

procedures complied with the Declaration of Helsinki and were approved by the Institutional 

Review Board of Texas A&M University (IRB2023-0957D). 

<<<<Insert Figure 1 about here>>>> 

2.2. Testing Overview and Procedures 

The testing procedures described have been previously detailed (14). Annual clinical testing over 

two days included bio-sample collection and lab assessments. Firefighters arrived at a central fire 

station at 0720 hours on the first day to provide a fasting blood sample (≥ 12 hours). Participants 

then visited an on-campus testing facility for clinical evaluations, including assessments of resting 

hemodynamics, body composition, anthropometrics, muscle strength, endurance, and flexibility, 

as well as a maximal cardiopulmonary exercise test (CPXT), during which V̇O2max was estimated 

using the Foster equation based on time-to-exhaustion (24). 
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2.2.1. Demographics, Anthropometrics, and Body Composition Assessments 

Participants initially filled out a series of health, wellness, and lifestyle questionnaires. Height and 

body mass were measured with a physician's scale and a height rod. Then, a laboratory research 

technician measured waist and hip circumferences according to World Health Organization 

procedures (25, 26). Finally, participants had a dual-energy X-ray absorptiometry (DXA) scan 

(Hologic Horizon A, Marlborough, MA) to assess fat mass, fat-free mass, body fat percentage, 

visceral adipose tissue, and the distribution of android and gynoid fat. 

2.2.2. Physical Performance Parameters 

Participants performed a sit-and-reach test following the standard procedures established by the 

American College of Sports Medicine (ACSM) (27), followed by a 1-minute sit-up and push-up 

test (27). Then, aerobic capacity was assessed via a cardiopulmonary exercise test (CPXT) 

performed on a treadmill equipped with a 12-lead electrocardiogram system (TM65 treadmill; 

Quinton Q Stress System; Cardiac Science Corporation, Bothell, WA), using the Bruce protocol. 

2.2.3. Blood Collection and Analysis Procedures 

Participants arrived following a minimum 12-hour overnight fast prior to biospecimen collection. 

Using standard venipuncture procedures, fasting blood samples were obtained from the antecubital 

vein by certified phlebotomists into two 8.5 mL serum separator tubes (SSTs) and one 4 mL K2-

ethylenediaminetetraacetic acid (EDTA) tube (Becton, Dickinson and Company, Franklin Lakes, 

NJ, USA). Following collection, tubes were gently inverted to ensure adequate mixing and allowed 

to clot at room temperature for approximately 30 minutes before transport. Samples were 

subsequently transported within 1 hour of collection to a Biosafety Level 2 (BSL-2) laboratory 

and a certified commercial laboratory (Clinical Pathology Laboratories Inc., Austin, TX, USA) for 

processing and analysis. 
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Serum and plasma samples were analyzed for total cholesterol (TC), triglycerides (TAG), 

high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 

fasting plasma glucose, fasting plasma insulin, apolipoprotein B (ApoB), and hemoglobin A1c 

(HbA1c). Insulin resistance was estimated using the Homeostatic Model Assessment for Insulin 

Resistance (HOMA-IR), calculated as: HOMA-IR = (fasting glucose [mmol/L] × fasting insulin 

[pmol/L]) / 405. Stored serum aliquots were later thawed and analyzed in duplicate for adiponectin, 

interleukin-6 (IL-6), C-reactive protein (CRP), and advanced oxidation protein products (AOPP). 

Commercially available assay kits were utilized for all biomarker analyses (adiponectin: R&D 

Systems, Minneapolis, MN, USA; kit #SRP300; IL-6: R&D Systems, Minneapolis, MN, USA; kit 

#SS600C; CRP: R&D Systems, Minneapolis, MN, USA; kit #QK1707; AOPP: Cell Biolabs, San 

Diego, CA, USA). Absorbance values were quantified using a colorimetric microplate reader 

(BioTek, Winooski, VT, USA). All assays demonstrated intra-assay coefficients of variation below 

10%. 

2.2.4. Saliva Collection and Analysis Procedures 

Saliva biosamples were collected using a passive drool technique (Salimetrics, PA) as previously 

described (28) and analyzed in duplicate for IL-6 and CRP concentrations. Prior to sample 

collection, participants were instructed to rinse their mouths with water approximately 10 minutes 

beforehand. Following collection, samples were transported to a laboratory and stored at −80°C. 

All saliva samples were shipped via FedEx to a laboratory for analysis (Salimetrics, SalivaLab, 

Carlsbad, CA). Commercially available assay kits were used for determining concentrations of IL-

6 and CRP (Salimetrics, Carlsbad, CA). Due to the low IL-6 concentration in the saliva samples, 

a modified 1:4 dilution was used in addition to the incorporation of an additional low standard at 
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0.78pg/mL. All assays demonstrated intra-assay and inter-assay coefficients of variation below 

10%. 

2.3. Statistical Analysis 

All statistical analyses were conducted using R statistical software (v4.5.1; R Core Team 2025). 

To address potential multicollinearity among predictors, dimension reduction was performed using  

principal components analysis (PCA). For body composition, physical performance, and 

cardiometabolic health variables, PCA was conducted using varimax rotation, and principal 

components (PCs) with eigenvalues greater than 1.0 were retained for subsequent analyses.  

The retained PCs were used as predictors in multivariate linear regression models predicting 

concentrations of key biomarkers, including adiponectin, CRP, and IL-6. Separate models were 

estimated for each dependent variable and each set of PCs, and results are presented by the variable 

group from which the PCs originated. Each model was estimated both with and without age 

adjustment. To account for multiple comparisons across dependent variables, p-values were 

corrected using the false-discovery rate (FDR) procedure (29). Family-wise error rate was defined 

based on the dependent variables and age adjustment. Finally, associations among key biomarkers 

were examined using zero-order Pearson correlation coefficients. 

3. Results 

3.1. Descriptive results 

Descriptive statistics for the 140 career firefighters included in the analysis are presented in Table 

I. As shown, some saliva and blood-chemistry analytes exceeded or fell below the detection limits 

of their respective assays, resulting in differential missingness across variables. 

<<<Table I about here>>> 
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3.2. Dimension Reduction 

Body composition variables included android fat (%), gynoid fat (%), fat mass (kg and %), lean 

mass (kg), waist circumference (cm), waist-to-hip ratio, and body weight (kg). Principal 

components analysis (PCA) of these variables yielded three factors with eigenvalues >1.0, 

collectively accounting for approximately 94% of the variance (Table II). The first PC (62.1% 

variance explained) was interpreted as capturing aspects of “body mass & composition”, with all 

variables contributing positively, though the highest loadings (>0.4) were for android/gynoid fat 

distribution and fat mass (kg and %). The second PC (18.4% variance explained) was interpreted 

as capturing “lean mass and fat distribution,” characterized by a strong positive loading for lean 

mass (0.6) and moderate loadings for some variables related to fat distribution (e.g., gynoid fat = 

-0.42). The third PC (13.4% variance explained) was interpreted as capturing “body roundness,” 

with higher values corresponding to lower waist-hip ratio (loading = -0.74) and higher lean mass 

(loading = 0.44). 

Physical performance variables included time to exhaustion (TTE), push-ups, sit-ups, and sit-and-

reach performance. PCA of these variables produced a single PC with an eigenvalue >1.0 

representing a “general fitness” dimension and account for 55.5% of the variance. Cardiometabolic 

health variables included HDL, LDL, and total cholesterol, triglycerides, ApoB, glucose, insulin, 

and HbA1c. PCA of these variables yielded three PCs with eigenvalues >1.0, collectively 

accounting for 80.8% of the variance. The first PC (44.9% variance explained) was interpreted as 

capturing “atherogenic dyslipidemia,” with higher values conveying greater cardiometabolic 

health risk (e.g., loading for HDL and LDL cholesterol were -0.19 and 0.48, respectively). The 

second PC (22.7% variance explained) was interpreted as capturing “glycemic control”, with high 

scores being associated with lower concentrations of glucose and insulin (loadings were -0.44 and 
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-0.47, respectively). Although a third component exceeded the eigenvalue threshold, it was not 

retained due to its marginal eigenvalue (1.03) and limited interpretability, suggesting that this 

component primarily captured residual rather than substantively meaningful variation in the data. 

<<<Table II about here>>> 

3.3. Multivariate results 

3.3.1. Body composition 

Associations between body composition principal components and key biomarkers are presented 

in Table III. Body mass & composition (PC1) was associated with all key dependent variables. 

With the exception of adiponectin, which demonstrated a negative association (𝛽 = -0.24, 95% CI 

= [-0.42, -0.06], p = 0.011), all observed associations were positive. The association with 

adiponectin and CRP (blood) (β = 0.41, 95% CI = [0.23, 0.6], p < 0.001) was the only association 

to remain statistically significant after multiple-testing (FDR) adjustment. Adjustment for age did 

not materially attenuate these associations; rather, effect estimates generally increased in size, 

suggesting the presence of age-related patterns among many of the biomarkers under investigation. 

After accounting for the linear relationship between age and the other predictors, adiponectin and 

IL-6 (saliva) were also found to be associated with body mass & composition at a level that was 

robust to FDR adjustment. Lean mass/fat distribution (PC2) was associated with IL-6 (blood) (𝛽 = 

0.19, 95% CI = [0.01, 0.36], p = 0.045); however, this association was not robust to FDR 

adjustment, before or after including age in the model. Body roundness (PC3) was associated with 

IL-6 (saliva) (𝛽 = 0.32, 95% CI = [0.07, 0.56], p = 0.014); however, as with lean mass/fat 

distribution, this association was not robust to FDR adjustment before or after accounting for age. 

<<<Table III about here>>> 
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3.3.2. Physical Fitness Metrics 

General fitness (PC1; Table IV) was negatively associated with blood CRP (𝛽 = -0.3, 95% CI = 

[-0.49, -0.1], p = 0.004). When age was included as a covariate, additional associations emerged 

with adiponectin (𝛽 = 0.26, 95% CI = [0.03, 0.48], p = 0.026) and salivary IL-6 (𝛽 = -0.5, 95% CI 

= [-0.83, -0.17], p = 0.004), though only the association with IL-6 was robust to FDR adjustment. 

<<<Table IV about here>>> 

3.3.3. Cardiometabolic Health Risk 

Atherogenic dyslipidemia (PC1) is associated with lower concentrations of adiponectin (𝛽 = -0.31, 

95% CI = [-0.48, -0.14], p < 0.001) and elevated concentrations of blood CRP (𝛽 = 0.33, 95% CI 

= [0.14, 0.52], p = 0.001). Both associations were robust to the inclusion of age in the model and 

multiple testing (with/without age included). Glycemic control (PC2) was negatively associated 

with adiponectin (𝛽 = -0.19, 95% CI = [-0.36, -0.01], p = 0.038) and positively associated with IL-

6 in blood (𝛽 = 0.21, 95% CI = [0.03, 0.39], p = 0.024). Neither association remained statistically 

significant following FDR adjustment. As seen in earlier models, including age in the model 

actually strengthened the observed associations. In the present case, the age-adjusted associations 

with glycemic control increased to a level that was robust to FDR adjustment, suggesting age-

related variation in the independent variables in the model. These data are shown in Table V. 

<<<Table V about here>>> 

3.7. Correlational analysis of key biomarkers 

Zero-order (pairwise) Pearson correlations were estimated among all key biomarkers and between 

AOPP and HOMA-IR. Table VI presents these correlations in the lower triangle and 

corresponding pairwise sample sizes in the upper triangle, reflecting differential missingness 

across biomarkers. Adiponectin demonstrated negative associations with nearly all other 
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biomarkers, though only three reached statistical significance: CRP in blood (r = -0.22), AOPP (r 

= -0.28), and HOMA-IR (r = - 0.29). In contrast, all other biomarkers produced a positive manifold, 

with the two strongest associations emerging between CRP and IL-6 (r = 0.43; both measured in 

saliva) and AOPP and HOMA-IR (r = 0.48). 

<<<Table VI about here>>> 

4. Discussion 

The primary findings of this study indicate that both blood and salivary inflammatory biomarkers 

are associated with markers of cardiometabolic health among career firefighters. Specifically, 

salivary IL-6 demonstrated significant associations with multiple variables, and these associations 

remained statistically significant following adjustment for age and correction for multiple 

comparisons, particularly in relation to body mass & composition, general fitness, and salivary 

CRP concentrations. In addition, salivary CRP and IL-6 were statistically significantly associated 

with blood-based markers of oxidative stress and insulin resistance, including AOPP and HOMA-

IR. Consistent with prior work, blood adiponectin and CRP were significantly related with 

atherogenic dyslipidemia, body mass & composition, and adiponectin was also inversely 

associated with biomarkers of cardiometabolic disease risk: CRP, AOPP, and HOMA-IR. 

Altogether, these findings suggest that both blood and salivary biomarkers provide complementary 

information regarding cardiometabolic disease risk among career firefighters. 

Previous research has demonstrated that salivary inflammatory biomarkers, such as CRP, are 

indicative of cardiometabolic disease risk, including chronic heart disease (30) and acute 

myocardial infarction (31). While saliva CRP concentrations have been shown to demonstrate 

statistically significant associations with blood CRP concentrations (32), this finding has been 

inconsistent (33) since salivary biomarkers of inflammation, such as CRP and IL-6, can be largely 
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impacted by oral inflammation (34). Regardless, the present findings are consistent with prior work 

demonstrating that body composition is a significant predictor of salivary CRP (35) and salivary 

IL-6 concentrations (36), supporting their potential utility as non-invasive markers for 

cardiometabolic disease (37). With respect to general fitness, past work has also shown that 

salivary CRP is significantly related to low aerobic fitness (35); however, the present study 

involved career firefighters and the findings from Naidoo et al. (2012), included a cross-sectional 

analysis of South African overweight children (35). Thus, the varying populations may explain the 

conflicting results.  

With respect to blood-based markers of inflammation, blood CRP, IL-6, and adiponectin have 

been consistently linked to markers of oxidative stress (38, 39) and are recognized predictors of 

cardiometabolic health status (40-42). Regarding career firefighters, much of the existing literature 

has focused on acute elevations in inflammatory biomarkers in response to structural and wildland 

firefighting activities (43, 44). In this context, the present data are unique in demonstrating a 

significant relationship between blood adiponectin and CRP with atherogenic dyslipidemia among 

career firefighters. Moreover, blood adiponectin was also related to body mass & composition and 

biomarkers of cardiometabolic disease risk: CRP, AOPP, and HOMA-IR. 

Adiponectin is an adipokine that is released by adipose tissue in an inverse relationship with body 

fat percentage (45). This physiological relationship was supported by the present data, as 

adiponectin was inversely related to markers of cardiometabolic disease risk. Adiponectin 

concentrations have also been shown to increase in response to dietary interventions such as caloric 

restriction, Mediterranean diets, DASH, and plant-based diets (46). Given its anti-inflammatory 

properties and favorable effects on insulin sensitivity, lipid metabolism, and glucose homeostasis 
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(47), the observed associations underscore the potential relevance of adiponectin as a meaningful 

biomarker of cardiometabolic health among career firefighters. 

It is important to note that the present study is not without limitations. First, our sample is a non-

probabilistic convenience sample, which limits the ability to generalize findings beyond the study 

population. Accordingly, our results should not be interpreted as representative of firefighters more 

broadly. Second, omitted-variable bias may have influenced the observed associations. Although 

age was statistically controlled and sex was addressed by design, biomarker levels and health more 

generally are known to differ across key axes of variation not measured in the current study (e.g., 

race/ethnicity, socioeconomic status). Third, the cross-sectional nature of the data precludes 

inference regarding temporal order or causality among the observed associations. Given these 

limitations, we advise readers that all results reported herein are specific to the present sample and 

should be interpreted as descriptive, pending future studies employing longitudinal designs and 

broader sampling strategies to support statistical inference. 

5. Conclusion 

The findings of the present study demonstrate that both blood and salivary biomarkers are 

associated with markers of cardiometabolic disease among career firefighters, as evidenced by 

their relationships with body composition, physical fitness, and traditional cardiovascular disease 

risk factors, including lipids and glucose indices. Although prior work has reported similar 

associations, the present findings contribute to the existing literature by extending evidence for the 

relevance of inflammatory and oxidative stress biomarkers in this occupational group for 

potentially scientific and practical relevance. Importantly, these results suggest that both blood- 

and saliva-based biomarkers may have utility not only in acute monitoring contexts but also in the 
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design and evaluation of chronic health and performance interventions aimed at reducing 

cardiometabolic disease risk among firefighters.  
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Figure Legends 

Figure 1: overview of experimental procedures. 
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Table 1. Descriptive statistics of analytic variables. 

Characteristic N Mean SD Range 

Demographics 

Age (years) 140 34 9 19, 58 

Body Composition 

Waist cir. (cm) 140 95 13 56, 183 

Waist-hip ratio 140 0.91 0.10 0.56, 1.78 

Weight (kg) 140 94 16 34, 159 

Fat mass (%) 140 23.9 5.2 13.8, 39.2 

Fat mass (kg) 140 24 9 9, 65 

Lean mass (kg) 140 70 10 28, 100 

Android fat (%) 140 28 7 13, 48 

Gynoid fat (%) 140 25.3 4.9 15.3, 40.1 

Physical Fitness 

Time to exhaustion 140 11.09 1.69 6.52, 15.62 

Sit ups 139 42 9 14, 70 

Push ups 136 51 18 0, 95 

Sit and reach 140 15.7 3.4 6.5, 27.0 

Cardiometabolic 

HDL cholesterol 139 51 11 28, 83 

LDL cholesterol 139 117 32 57, 193 

Total cholesterol 139 188 37 125, 273 

Triglycerides (blood) 139 102 61 35, 310 

ApoB 138 95 24 56, 155 

Glucose (blood) 139 90 10 72, 121 
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Characteristic N Mean SD Range 

Insulin 139 1.80 1.23 0.37, 6.83 

HbA1c (%) 138 5.41 0.24 4.84, 6.00 

HOMA-IR 139 0.40 0.29 0.07, 1.47 

Adiponectin 124 5,987 2,994 1,372, 14,275 

Inflammation & Oxidative Stress Markers 

AOPPs 124 100 46 58, 333 

CRP (blood) 106 1,278 1,224 120, 5,165 

CRP (saliva) 113 737 1,115 33, 4,557 

IL-6 (blood) 124 1.63 1.28 0.43, 7.13 

IL-6 (saliva) 65 15 20 0, 81 
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Table 2. Principal components and Pearson's r of body composition, fitness, and cardiometabolic 

variables. 

  Principal Components  Pearson's r 

  PC1 PC2 PC3  1 2 3 4 5 6 7 

Body Composition 

1 Android fat (%) 0.40 -0.24 -0.07         

2 Gynoid fat (%) 0.36 -0.42 0.03  0.79       

3 Fat mass (kg)* 0.43 -0.10 0.12  0.88 0.80      

4 Fat mass (%) 0.41 -0.30 -0.01  0.94 0.90 0.92     

5 Lean mass (kg) 0.21 0.60 0.44  0.19 0.03 0.39 0.16    

6 Waist cir. (cm)* 0.38 0.32 -0.29  0.66 0.46 0.73 0.63 0.52   

7 Waist-hip ratio* 0.20 0.37 -0.74  0.31 0.12 0.26 0.25 0.17 0.75  

8 Weight (kg) 0.36 0.27 0.39  0.58 0.48 0.77 0.61 0.73 0.68 0.20 

 % Variance Explained 62.1 18.4 13.4         

Fitness 

1 Time to exhaustion 0.56           

2 Push ups 0.57    0.61       

3 Sit ups 0.50    0.48 0.50      

4 Sit and reach 0.34    0.30 0.29 0.17     

 % Variance Explained 55.5           

Cardiometabolic Health 

1 HDL cholesterol -0.19 0.46 0.52         

2 LDL cholesterol 0.48 0.26 0.10  -0.11       

3 Total cholesterol 0.45 0.35 0.17  0.10 0.96      
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  Principal Components  Pearson's r 

  PC1 PC2 PC3  1 2 3 4 5 6 7 

4 Triglycerides (blood)* 0.42 -0.13 -0.36  -0.50 0.56 0.55     

5 ApoB 0.49 0.19 0.04  -0.20 0.94 0.91 0.61    

6 Glucose (blood) 0.15 -0.44 0.48  -0.19 0.09 0.03 0.13 0.13   

7 Insulin* 0.27 -0.47 -0.09  -0.45 0.20 0.14 0.49 0.30 0.45  

8 HbA1c (%) 0.10 -0.36 0.58  -0.17 0.06 0.02 0.08 0.08 0.33 0.23 

 % Variance Explained 44.9 22.7 13.3         
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Table 3. Body composition principal components predicting adiponectin, CRP, and IL-6 in 

firefighters. 

 Adiponectin CRP (blood) CRP (saliva) IL-6 (blood) IL-6 (saliva) 

 Beta1 SE P Beta1 SE P Beta
1 

SE P Beta
1 

SE P Beta1 SE P 

Unadjusted 

General 
adiposity 
(PC1) 

-
0.24* 

0.09
2 

0.01
1 

0.41**
* 

0.09
3 

<0.00
1 

0.23
* 

0.09
6 

0.021
2 

0.20
* 

0.09
1 

0.027
2 

0.29* 0.12
2 

0.019
2 

Lean 
mass/fat 
dist. 
(PC2) 

-0.11 0.09
2 

0.2 -0.06 0.09
4 

0.5 -
0.07 

0.09
6 

0.5 0.19
* 

0.09
1 

0.045
2 

0.09 0.12
4 

0.5 

Body 
roundne
ss (PC3) 

0.04 0.09
2 

0.6 0.10 0.09
4 

0.3 0.06 0.09
6 

0.6 0.06 0.09
1 

0.5 0.32* 0.12
5 

0.014
2 

R² 0.070   0.189   0.06
2 

  0.07
9 

  0.163   

Age Adjusted 

General 
adiposity 
(PC1) 

-
0.29*
* 

0.10
1 

0.00
5 

0.38**
* 

0.10
3 

<0.00
1 

0.27
* 

0.10
5 

0.013
2 

0.22
* 

0.10
1 

0.029
2 

0.38*
* 

0.13
5 

0.007 

Lean 
mass/fat 
dist. 
(PC2) 

-0.11 0.09
2 

0.3 -0.05 0.09
5 

0.6 -
0.08 

0.09
7 

0.4 0.18
* 

0.09
2 

0.049
2 

0.05 0.12
6 

0.7 

Body 
roundne
ss (PC3) 

0.10 0.10
5 

0.3 0.13 0.10
7 

0.2 0.01 0.11
0 

>0.9 0.04 0.10
5 

0.7 0.23 0.13
8 

0.11 

R² 0.082   0.193   0.07
0 

  0.08
0 

  0.194   

No. Obs. 115   97   106   115   61   

1*p<0.05; **p<0.01; ***p<0.001 

2p>.05 after multiple-testing adjustment. 
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 Adiponectin CRP (blood) CRP (saliva) IL-6 (blood) IL-6 (saliva) 

 Beta1 SE P Beta1 SE P Beta
1 

SE P Beta
1 

SE P Beta1 SE P 

Abbreviations: CI = Confidence Interval, SE = Standard Error 

 

  

Copyright © 2026 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited

ACCEPTED



31 

 

Table 4. Fitness principal component predicting adiponectin, CRP, and IL-6 in firefighters. 

 Adiponectin CRP (blood) CRP (saliva) IL-6 (blood) IL-6 (saliva) 

 Beta1 SE P Beta1 SE P Beta1 SE P Beta1 SE P Beta1 SE P 

Unadjusted 

Genera
l fitness 
(PC1) 

0.17 0.09
4 

0.068 -
0.30*

* 

0.10
0 

0.004 -0.11 0.09
9 

0.3 -0.08 0.09
5 

0.
4 

-0.18 0.13
0 

0.2 

R² 0.03
0 

  0.087   0.01
3 

  0.00
6 

  0.033   

Age Adjusted 

Genera
l fitness 
(PC1) 

0.26
* 

0.11
4 

0.026
2 

-0.26* 0.12
3 

0.034
2 

-0.19 0.12
0 

0.1
2 

-0.12 0.11
6 

0.
3 

-
0.50*

* 

0.16
9 

0.00
4 

R² 0.04
5 

  0.089   0.02
4 

  0.01
0 

  0.150   

No. 
Obs. 

111   94   103   111   59   

1*p<0.05; **p<0.01; ***p<0.001 

2p>.05 after multiple-testing adjustment. 

Abbreviations: CI = Confidence Interval, SE = Standard Error 
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Table 5. Cardiometabolic principal components predicting adiponectin, CRP, and IL-6 in 

firefighters. 

 Adiponectin CRP (blood) CRP (saliva) IL-6 (blood) IL-6 (saliva) 

 Beta1 SE P Beta1 SE P Beta
1 

SE P Beta
1 

SE P Beta
1 

SE P 

Unadjusted 

Atherogeni
c 
dyslipidemi
a (PC1) 

-
0.31**

* 

0.08
9 

<0.00
1 

0.33*
* 

0.09
7 

0.00
1 

0.05 0.09
8 

0.
6 

0.06 0.09
3 

0.5 0.10 0.13
0 

0.4 

Glycemic 
control 
(PC2) 

-0.19* 0.08
9 

0.038
2 

0.15 0.09
7 

0.13 0.14 0.09
8 

0.
2 

0.21
* 

0.09
3 

0.024
2 

0.08 0.13
0 

0.5 

R² 0.129   0.128   0.02
0 

  0.04
8 

  0.01
7 

  

Age Adjusted 

Atherogeni
c 
dyslipidemi
a (PC1) 

-
0.47**

* 

0.10
5 

<0.00
1 

0.34*
* 

0.12
0 

0.00
6 

0.08 0.11
9 

0.
5 

0.12 0.11
2 

0.3 0.29 0.15
4 

0.06
2 

Glycemic 
control 
(PC2) 

-0.22* 0.08
7 

0.014 0.15 0.09
8 

0.13 0.14 0.09
9 

0.
2 

0.22
* 

0.09
4 

0.019
2 

0.14 0.12
9 

0.3 

R² 0.182   0.128   0.02
2 

  0.05
6 

  0.09
1 

  

No. Obs. 113   95   105   113   61   

1*p<0.05; **p<0.01; ***p<0.001 

2p>.05 after multiple-testing adjustment. 

Abbreviations: CI = Confidence Interval, SE = Standard Error 
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Table 6. Pairwise correlations and sample sizes between focal dependent variables. 

 Adiponectin CRP (blood) CRP (saliva) IL-6 (blood) IL-6 (saliva) AOPP HOMA-IR 

Adiponectin  106 113 124 65 124 115 

CRP (blood)1 -0.22*  98 106 54 106 97 

CRP (saliva)1 -0.17 0.30**  113 64 113 106 

IL-6 (blood)1 -0.10 0.30** 0.22*  65 124 115 

IL-6 (saliva)1 0.05 0.29* 0.43*** 0.29*  65 61 

AOPP1 -0.28** 0.28** 0.02 0.12 0.13  115 

HOMA-IR1 -0.29** 0.30** 0.17 0.23* 0.09 0.48***  

Abbreviations: CRP=C-reactive protein; IL-6=interleukin-6; AOPP=advanced oxidative protein products; HOMA-
IR=homeostatic model assessment of insulin resistence. 

1Log-transformed. 
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Figure 1 
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