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ABSTRACT
A rural fire protection district in Oregon engaged medical students, who also volunteer as firefighters, to 

investigate the fitness of career and volunteer firefighters. Student researchers administered a standardized 

fitness assessment and accompanying questionnaire on self-reported lifestyle factors such as sleep, diet, 

exercise and stress. Fitness performance in pushups, aerobic capacity, and lateral flexibility was significantly 

lower in those who reported daily consumption of non-nutritive calories, i.e. junk food. Firefighters reporting 

frequent sleep disturbances had significantly greater waist : hip ratio, a risk factor for early mortality.

BACKGROUND
Firefighters provide essential public safety and emergency medical services in rural communities, and their 

fitness influences acute and chronic risks of health problems and injury in this dangerous profession.

Lebanon Fire District relies on 36 career professional firefighters and 68 volunteer firefighters from the 

community to serve 30,000 people in an area of over 134 square miles around Lebanon. 

Prior studies identified physical performance tests as predictors of fitness for duty, risk of on job injury, or 

serious medical events such as myocardial infarction, and these factors are both predictive and modifiable. 

A retrospective cohort study found that firefighters who could perform 40 pushups had lower incidence of 

serious cardiovascular events over 20 years than those who did fewer (Yang et al., 2019). In another 

retrospective study, firefighters with aerobic capacity VO2 max >48 had significantly lower rates of on the job

injury (Poplin et al., 2013). And when a fire department implemented a fitness program new firefighters had 

lower rates of injury versus a control (Griffin et al., 2016 ). Diet and exercise interventions with firefighters 

have also shown measurable changes in BMI, waist circumference, and body fat % (Poston et al., 2012). 

Lebanon’s fire fighters complete an annual timed firefighter task course, but presently there is no mandatory 

performance standard for pushups or aerobic capacity. The International Association of Fire Fighters does 

recommend a VO2 max >42, but this measurement requires specialized equipment. Researchers at Oregon 

State University developed a treadmill based test to estimate VO2 max without directly measuring O2 uptake 

(Moore et al., 2014). Other tests, such as pushups or vertical jump can be easily assessed at the station.

RESULTS DISCUSSION
Subjects who reported daily consumption of “non-nutritive calories” (sweetened beverages, alcohol, chips, 

sweets, etc.) had less lateral reach flexibility (p=.022), performed fewer pushups (p=.012), and had less 

aerobic capacity (p=.044). Career, volunteer, and medical student firefighters, reported similar 

consumption of these “non-nutritive calories” and so we did not exclude students from this analysis.

Firefighters who reported sleep interruption 4 or more nights per week appeared to have greater mean 

waist:hip ratio, body fat %, and lower aerobic capacity, pushup performance and flexibility than those with 

fewer sleep interruptions. However, most of the medical student volunteers did not report frequent sleep 

disturbances, potentially skewing the data because of their younger age. When students were excluded, 

waist: hip ratio was still significantly higher in the sleep interruption group (p<.001), other differences were 

not significant, or approached significance; aerobic capacity (p=.059), pushups (p=.065).

Age, gender and length of service are not modifiable factors, and we collected  these for descriptive 

purposes and to evaluate confounding factors. Career firefighters, compared to volunteers, had lower 

average age (p=.011), waist: hip ratio (p<0.01), BMI (p=.034), body fat % (p=.016) than volunteers. Career 

firefighters had greater vertical jump (p=.006) and difference in pushups was near significance (p=.053). 

CONCLUSIONS
It is unsurprising that factors such as sleep and eating habits can influence body composition, strength, 

and aerobic performance. It is notable that some of these effects are strong enough to be measured in a 

relatively small sample, and our data suggests sleep and diet as promising targets for intervention.

Non-nutritive calories, foods containing refined sugars and fats, or alcohol, increase caloric intake without 

delivering protein or micronutrients. Obesity due to excess calories contributes to chronic health issues, 

but here we see the effect of regular “empty calorie” consumption on physical performance. This 

highlights the need for a culture of healthy food choices amongst firefighters, which is presently lacking.

Interruption of sleep is an unavoidable consequence of work in emergency services. Sleep hygiene 

impacts regulation of cortisol by the HPA axis and this mechanism could explain the relationship between 

sleep disturbance and increased waist to hip ratio, both associated with increased risk of myocardial 

infarction and all cause mortality (Cao, et al., 2018; Yoshiike, et al., 2022). Anecdotally, many emergency 

services personnel display hypertension and Cushingoid body habitus, features of HPA disturbance. It is 

also possible that age or obesity related sleep apnea are mediating factors in this relationship.

In future years, comparisons will be repeated and findings further scrutinized for confounding explanatory 

factors. This data may guide policies to support healthy behaviors amongst fire personnel, but we 

encourage incentives and individualized goal setting rather than mandatory performance standards.
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STUDY DESIGN
Firefighters completed a voluntary fitness assessment including aerobic capacity using an inclined treadmill; 

pushups, vertical jump, and flexibility as well as body composition measurements. Subjects also completed 

an online questionnaire, providing self reported information about their diet, exercise, sleep, and work 

habits. Fitness performance outcomes were paired with survey responses using an anonymous tracking 

number. All participants provided voluntary informed consent to participate in the fitness testing and 

questionnaire as approved by Western University of Health Sciences’ IRB. Prior to participation, subjects 

were screened for abnormal EKG, extreme hypertension, and pertinent medical history. Data were 

analyzed by one-sided independent samples t-tests using SPSS software. Assessments are ongoing, 

conducted annually, allowing individuals to track their own fitness performance, and evaluate progress.

This study functions both as a quality improvement assessing and promoting career and volunteer 

wellbeing; and as a longitudinal cohort study on modifiable lifestyle factors influencing individual fitness 

performance. The findings will inform policies on scheduling, nutrition, time and incentives allotted to fitness 

improvement.  Ongoing data collection will allow evaluation of fitness improvement policies and determine if 

any of the fitness assessment metrics are predictive of adverse outcomes like on the job injury.

Means +/- 95% C.I. Career 
Firefighters

Volunteer 
Firefighters

Volunteers
including medical 
students

Total Participants 24 18 32
Male 21 16 26
Female 3 2 6
Age 35 +/- 4 36 +/- 7 32 +/- 5
Years of fire service 14 +/- 5 10 +/- 7 7 +/- 4
BMI (kg/m^2) 29.5 +/- 2.2 30.0 +/- 2.2 27.8 +/- 1.7
Body Fat % 17 +/- 2 18 +/- 2 16 +/- 2
Waist : Hip ratio 0.975 +/- .04 0.945 +/- .03 0.910 +/- .03
Max Pushups 26 +/- 5 15 +/- 4 20 +/- 4
Aerobic Capacity 
(est. VO2 max; L O2 ) 

44.1 +/- 3.0 38.0 +/- 4.6 42.2 +/- 3.5

Lateral Reach Flexibility (cm) 22.8 +/- 1.8 20.5 +/- 2.5 20.7 +/- 1.6
Sleep interruptions per week 3.7 +/- 0.5 3.3 +/- 1 2.6 +/- 0.7

Servings of junk calories per week 7.2 +/- 2 7.6 +/- 3 7.0 +/- 2

Figure 5: Key descriptive statistics with 95% confidence intervals.  
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Figure 3: Waist: Hip Ratio 
and Sleep Disturbance 

(p<0.001; excludes student firefighters)
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Figure 1: Aerobic Capacity 
and Daily Junk Food 
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Figure 2: Pushups and 
Daily Junk Food 
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Figure 4: Pushups and
Sleep Disturbance 

(p=0.65; excludes student firefighters)


