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ABSTRACT 

Background. There have been concerns of an aging Australian volunteer firefighter workforce. 
Aims. To (1) determine the age distribution of Australian volunteer firefighters; (2) estimate the 
proportion of volunteer firefighters who met the Australian physical activity guidelines; 
(3) investigate the relationship between age and physical activity and exercise in volunteer 
firefighters. Methods. An online survey was electronically distributed to Rural Fire Service 
volunteers in Queensland, Australia. The survey included demographic and physical activity 
questions. National guidelines were used to determine whether respondents met the 
Australian physical activity recommendations. The relationships between age and weekly physical 
activity and weekly exercise minutes were modelled using Bayesian methods. Key results. The 
median age of responders (n = 480) was 54 years. Compared with Australian population data, 
volunteer firefighters were four times more likely to meet the physical activity guidelines and the 
exercise-only guidelines, but 1.4 times more likely to not meet the strength-based activity 
guidelines. Number of weekly physical activity minutes declined with age, by 61 min each decade. 
Conclusions. Volunteers were more likely to meet the national physical activity and exercise- 
only guidelines, but less likely to meet the strength-based activity guidelines. Implications. 
Volunteer firefighters could benefit from outreach programs that promote participation in 
strength-based training.  

Keywords: bushfire, climate, emergency, exercise, firefighter, fitness, natural disaster, physical 
activity, resistance, strength-based training, training, wildfire. 

Introduction 

Wildfire frequency and severity are increasing globally (Hennessy et al. 2005; Liu et al. 
2010). Recent wildfire devastation has been witnessed across Europe, Asia, the Americas 
and Australia (Liu et al. 2010; Aisbett et al. 2012; Bowman et al. 2017). Beyond the 
destruction of millions of hectares of land, wildfires present a significant threat to the 
economy and human life. In the 2019–2020 Australian fire season, wildfires directly 
claimed 33 lives (Filkov et al. 2020), and were indirectly responsible for an estimated 
171 deaths due to reduced air quality (Graham et al. 2021). In the same season, 
Australian insurers paid out more than AU$6.1 billion owing to wildfire damage and 
destruction (Insurance Council of Australia 2021). The negative impacts of Australian 
wildfires are predicted to worsen over the next decade (Ademi et al. 2022). 

The increasing number and severity of wildfires have placed greater demands on 
Australian firefighters, including the volunteer population. Australia had an estimated 
220,000 volunteers in 2004 (McLennan 2004), which was similar to 2012 estimates 
(Productivity Commission 2023). The volunteer population has steadily declined since 
2012, to an estimated 193,000 volunteers in 2021 (Productivity Commission 2023). 
Volunteer firefighters assist in firefighting activities within their local community with
out receiving financial compensation. Volunteers play a crucial role in providing fire
fighting services and supporting professional firefighters during emergency situations, 
particularly in rural Australian areas where the population density and resources are low. 

For full list of author affiliations and 
declarations see end of paper 

*Correspondence to: 
David N. Borg 
School of Exercise and Nutrition Sciences, 
Faculty of Health, Queensland University of 
Technology, Brisbane, Qld, Australia 
Email: dn.borg@qut.edu.au  

Received: 11 September 2023 
Accepted: 24 March 2024 
Published: 18 April 2024 

Cite this: Borg DN et al. (2024) Age and 
physical activity status of Australian 
volunteer firefighters: a cross-sectional 
study. International Journal of Wildland 
Fire 33, WF23146. doi:10.1071/WF23146 

© 2024 The Author(s) (or their employer(s)). 
Published by CSIRO Publishing on behalf of 
IAWF.  
This is an open access article distributed 
under the Creative Commons Attribution- 
NonCommercial-NoDerivatives 4.0 
International License (CC BY-NC-ND) 

OPEN ACCESS  

https://www.publish.csiro.au/
https://www.publish.csiro.au/
https://doi.org/10.1071/WF23146
www.publish.csiro.au/wf
www.publish.csiro.au/wf
https://orcid.org/0000-0002-0152-571X
https://orcid.org/0000-0003-1741-718X
mailto:dn.borg@qut.edu.au
https://doi.org/10.1071/WF23146
https://creativecommons.org/licenses/by-nc-nd/4.0/


As volunteers typically hold a full-time occupation, they 
have less time for physical and firefighting training com
pared with salaried personnel (Malinen and Mankkinen 
2018). Nonetheless, the value of volunteers cannot be over
estimated, and they have an increasingly critical role in 
combating Australian wildfires as the duration and intensity 
of the fire season increase. 

Volunteer firefighters are required to undertake physi
cally demanding tasks (Phillips et al. 2012) in hazardous 
environments (Guidotti 1992; Navarro 2020). A 2012 study 
by Phillips et al. identified that the physically demanding 
tasks undertaken by volunteers primarily relied on strength- 
endurance and could be broadly categorised as either hose 
work or hand tool work. Tasks may take anywhere from 3 to 
30 min per repetition, and in some cases, are performed up 
to 700 times across a fire season (Phillips et al. 2012). 
Owing to these physical demands, the fitness of volunteers 
is critical, not only because increased strain could decrease 
an individual’s operational effectiveness, but also because of 
the increased risk of cardiovascular events, which are esti
mated to account for 26% of line of duty deaths in Australian 
volunteer firefighters (Glass et al. 2017). From a workforce 
perspective, the fitness of volunteers is important as a lack of 
fitness may deter new recruits, and could contribute to 
difficulties in retaining volunteers (Birch 2011). 

There have been recent concerns regarding an aging 
volunteer firefighter population and its capability to handle 
the demands of a hotter and longer fire season (Colibaba 
et al. 2021), particularly in light of other challenges such as 
decreasing volunteering rates (McLennan et al. 2016;  
Productivity Commission 2023). Unfortunately, there is a 
lack of recent literature on the demographics of Australian 
volunteer firefighters, with the largest study on volunteers 
including data up until the early 2010s (Glass et al. 2017) 
and other commissioned work dating back to the 2000s 
(McLennan and Birch 2005). Although an aging workforce 
can be positive in that it brings invaluable experience and 
oversight, which may reduce volunteering-related mental 
stress (Moran and Colless 1995), the relative physical 
demands of volunteering can become greater with age, 
owing to decreased muscular power and strength endur
ance, and a decline in cardiovascular fitness (Perroni et al. 
2014). For example, in Australian salaried firefighters, max
imal aerobic capacity, grip strength and performance in fire- 
specific tasks (e.g. hose drag) were found to decrease with 
increase in age (Walker et al. 2014). Intense exercise train
ing can assist in minimising age-associated declines in phys
ical capacity (Walker et al. 2014); however, evidence 
suggests that older firefighters are less likely to engage in 
such activity (Phillips et al. 2012). There are limited pub
lished data on physical activity behaviours in volunteer 
firefighters, with existing studies involving American volun
teers only (Martin et al. 2019; Amodeo and Nickelson 2020). 

To meet the Australian physical activity and sedentary 
behaviour guidelines, adults 18–62 years of age must 

accumulate at least 150 min of combined workplace activity 
and exercise-only minutes per week (Department of Health 
and Aged 2021). To meet the strength-training guidelines, 
adults must participate in strength-based training activities 
at least twice per week. No guidance on exercise duration is 
provided for strength-based training activities. No previous 
study of Australian volunteer firefighters has investigated the 
proportion of active volunteers that meet these guidelines. 

This study aimed to: (1) determine the age distribution of 
Australian volunteer firefighters; (2) estimate the proportion 
of volunteer firefighters who met the national physical 
activity guidelines; and (3) investigate the relationship 
between age and physical activity and exercise in volunteer 
firefighters. 

Methods 

The survey was developed for volunteer firefighters and 
included demographic, anthropometric and service questions, 
in addition to physical activity questions from the 2016–2018 
Australian National Health Survey (Australian Bureau of 
Statistics 2018). National guidelines (Department of Health 
and Aged 2021) were used to determine whether respondents 
met the Australian recommendations for weekly physical activ
ity and strength-based training, enabling comparison with pop
ulation estimates (Australian Bureau of Statistics 2018). 

Reporting of the survey and results was guided by the 
STROBE reporting guidelines for cross-sectional studies 
(Von Elm et al. 2014) and the CHERRIES reporting guide
lines for online questionnaires (Eysenbach 2004). 

Sample and recruitment 

The survey was distributed to active volunteer firefighters in 
Queensland, Australia. Queensland is Australia’s second- 
largest state, with an area of 1,852,642 km2. Queensland 
has diverse geographical features and climates, including 
tropical rainforests, mountain ranges, tropical and sub- 
tropical coastal regions, and deserts and savanna in the 
semi-arid and desert climatic regions of its interior. 

The survey was individually distributed to 20,169 Rural 
Fire Service volunteers via direct correspondence through 
the Queensland Fire Service intranet. The survey was open 
from November 2020 to September 2021. Participation was 
voluntary with no incentives. The method of survey collec
tion was non-random. The survey response rate was 2.38%. 
A comparison of characteristics between respondents and 
non-respondents cannot be made. All respondents provided 
consent before completing the survey. 

Survey questions 

The survey comprised 37 closed questions. The consent form 
was on the first page. All questions could be skipped. In pilot 
testing, the survey took 15–20 min to complete. 
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Respondents were asked demographic (age, gender) and 
anthropometric (body mass, height without shoes and par
ticipants’ acceptability with their body weight) questions. 
Information about volunteer firefighting service duration 
was collected. Respondents were also asked to indicate 
their service region. 

The physical activity questions were designed by the 
Australian Bureau of Statistics, as part of the Australian 
National Health Survey (Australian Bureau of Statistics 
2018). The National Health Survey obtains data on a 
range of health-related indicators from the Australian popu
lation. The physical activity questions asked about typical 
physical activity in the workplace and the frequency and 
duration of physical activity and exercise behaviours in the 
past week. Respondents were asked their typical workday 
activities, with responses recorded as mostly sitting, stand
ing, walking or heavy labour or physically demanding work. 
Any physical activity referred to the combination of work
place activity and exercise-only activity. Exercise-only activ
ity consisted of four domains: (1) walking for transport, 
(2) walking for fitness, sport, or recreation, (3) moderate 
intensity exercise, and (4) vigorous intensity exercise. 
Weekly totals (in minutes) were calculated for workplace 
activity and the four exercise-only domains. Respondents 
were also asked the number of days they undertook strength 
or toning activities in the last week. 

Physical activity guidelines 

The Australian physical activity and sedentary behaviour 
guidelines for 18–62 year olds (Department of Health and 
Aged 2021) were used to determine whether respondents 
met the national recommendations for weekly physical activ
ity and exercise-only minutes, and strength-based training 
days. To have met the guidelines for physical activity, indivi
duals must have accumulated at least 150 min of combined 
workplace activity and exercise-only (i.e. walking, and mod
erate and vigorous intensity activity) minutes in the past 
week. To have met the exercise-only activity guidelines, indi
viduals must have accumulated at least 150 min of walking, 
and moderate and vigorous intensity activity in the past week. 
In this calculation, vigorous intensity exercise accounts for 
double minutes (Australian Bureau of Statistics 2018). To 
have met the strength activity guidelines (herein strength- 
based activity guidelines), respondents must have participated 
in strength training at least twice in the past week. These same 
criteria were used by 2016–2018 Australian National Health 
Survey to determine estimates of the Australian populaton 
(Australian Bureau of Statistics 2018). 

Data analysis 

All analyses were performed in R (R Core Team 2022). 
The data and R code needed to reproduce the analyses are 
available at the doi: https://www.doi.org/10.5281/zenodo. 
8145705. There were missing values for anthropometric 

variables (≤1%) but not physical activity time variables. 
Eight respondents (1.67%) indicated they completed more 
than 7 days of exercise in the past week, which is not possible. 
These responses were changed to missing values. No values 
were imputed for missing data (Borg et al. 2022). 

A histogram plot was used to describe the distribution of 
age for our sample. The mean age of volunteer firefighters 
was estimated using a bootstrap procedure, which provides 
a distribution-free method for estimating the uncertainty in 
the mean (Davison and Hinkley 1997). We ran 2000 repli
cates and generated a mean and 95% bootstrap confidence 
interval (CI) for age. 

The proportion of volunteer firefighters who met the 
Australian physical activity guidelines was calculated and 
compared with population data. Respondents who undertook 
more than 150 min were considered to have met the physical 
activity and exercise-only guidelines. Vigorous intensity exer
cise minutes were multiplied by a factor of two for this 
analysis. Respondents who participated in strength training 
on at least 2 days were considered to have met the strength- 
based activity guidelines. Proportions were compared with 
population estimates (Australian Bureau of Statistics 2018) 
from the year our survey data were collected. We also com
pared typical workday physical activity between our respon
dents and the Australian population. Comparisons were made 
using chi-squared tests (χ2), with P values computed by Monte 
Carlo simulation. Tests were implemented using the base R 
function chisq.test. The Type I error rate for all tests was set at 
5%. Relative risks and their 95% CIs were also computed. 

The relationship between age and physical activity min
utes, and between age and exercise-only minutes, was exam
ined using separate generalised linear models with a negative 
binomial response distribution. The models included age as a 
fixed variable. We did not consider gender in our modelling as 
the physical activity guidelines are not gender-specific. 
Models were implemented in a Bayesian framework, using 
Stan with the brms interface (Bürkner 2017). 

The contribution of each physical activity domain (walk
ing for travel, walking for exercise, moderate intensity exer
cise, vigorous intensity exercise and workplace activity) to 
total weekly physical activity minutes was calculated 
for each respondent and expressed as a proportion. These 
variables were separately modelled using zero- or zero-and- 
one-inflated beta regression (Liu and Kong 2015). A beta 
regression can model values between 0 and 1 (exclusive). 
Zero- and one-inflated beta extends beta regression by 
allowing exact 0s and 1s to be observed with some unknown 
probability. The mean of the beta distribution and the prob
ability of observing an exact 0 were each modelled with a 
distinct intercept and coefficient for the age covariate (on 
the linear scale). The walking for travel, walking for exercise 
and workplace activity models included only an intercept 
term for the probability of observing an exact 1 owing to a 
fairly small number of observed 1s (2.1, 2.5 and 2.8%; see 
Supplementary Appendix S1). The vigorous intensity exercise 
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model did not include a 1 component. Moderate intensity 
proportions of exactly 1 (1.25%) were shifted slightly off the 
boundary by subtracting 0.0001 because the model did not 
converge when modelled with a 1 component. Subtracting 
0.0001 has no effect on proportions when rounded to two 
decimal places. In all models, the shape of the beta distribu
tion was estimated without covariates. 

Weakly informative prior distributions were specified for 
the regression coefficients and variance components 
(Supplementary Appendix S2). Monte Carlo Markov Chain 
(MCMC) methods were used to generate posterior estimates 
for all Bayesian models (10,000 iterations, eight chains, 
50% iteration burn-in, no thinning). The convergence of 
the MCMC to the posterior distribution was assessed using 
trace plots. Results from Bayesian models were interpreted 
using estimation methods (Kruschke and Liddell 2018). To 
substantiate evidence of relationships, we calculated the 
posterior probability that the regression coefficient (β) was 
greater or less than zero, denoted as Pr β > 0 or Pr β < 0, 
depending on the direction of the relationship. Posterior 
estimates are summarised as the mean and 66 and 95 credi
ble interval (CrI). Descriptive statistics are reported as count 
and percentage or median and first and third quartile. 

Ethics 

Ethical approval for the study was granted by the Queensland 
University of Technology Human Research Ethics Committee. 

Results 

Sample 

Table 1 provides a summary of the study sample. Survey 
respondents were mostly male (83.8%). The median body 
mass index was 27.8 kg/m2, which falls in the ‘over
weight’ range. The median number of years served as a 
volunteer firefighter was 13 years. Approximately 9% of 
respondents had previously served as a permanent firefigh
ter, with a median number of years served of 10 years. 

Age 

Fig. 1 shows the age distribution of the sample. The median 
age of respondents was 54 years. The interquartile range 
spanned from 40 to 64 years and the central 90% quantile 
spanned from 23 to 72 years. The mean age was 51.4 years 
(95% bootstrap CI = 50.0–52.8). 

Physical activity 

The proportion of volunteer firefighters who met 
the Australian guidelines for: physical activity, χ2 

(N = 17,193,480) = 1533.00, P < 0.001; exercise-only 
activity, χ2 (N = 17,195,980) = 1390.80, P < 0.001; and 
strength-based activity, χ2 (N = 21,340,480) = 49.61, 

P < 0.001, was different to the Australian population. 
Compared with the Australian population, volunteer firefigh
ters were 4.87 times more likely to meet the physical activity 
guidelines, 4.96 times more likely to meet the exercise only 
guidelines, but 1.26 times more likely to not meet the 
strength-based activity guidelines (Table 2). 

Volunteer firefighters were 2.1 times more likely to be 
involved in heavy labour or physically demanding work on a 
typical workday compared with the Australian population, and 
less likely to be involved in work mostly sitting or standing, χ2 

(d.f. = 3, N = 11,120,633) = 90.71, P < 0.001 (Table 2). 

Table 1. Sample demographic and anthropometric characteristics 
and service information.    

Variable n = 480   

Age (years) 54 (40–64) 

Gender  

Male 402 (83.8%)  

Female 75 (15.6%)  

Indeterminate/intersex 3 (0.6%) 

Body mass (kg) 86.5 (77.0–99.2) 

Height (cm) 171 (178–183) 

Body mass index (kg/m2) 27.8 (27.8–31.1)  

Underweight (<18.5 kg/m2) 3/475 (0.6%)  

Normal weight (18.5–24.99 kg/m2) 132/475 (27.8%)  

Overweight (25–29.99 kg/m2) 185/475 (38.9%)  

Obese (≥30 kg/m2) 155/475 (32.6%) 

Acceptable body weight  

Acceptable 327 (68.1%)  

Overweight 146 (30.4%)  

Underweight 7 (1.5%) 

Brigade region  

Brisbane 40 (8.3%)  

Central 57 (11.9%)  

Far Northern 34 (7.1%)  

Northern 34 (7.1%)  

North Coast 135 (28.1%)  

South Eastern 121 (25.2%)  

South Western 59 (12.3%) 

Service experience  

Years served as a volunteer firefighter 13 (5–22)  

Previously served as a permanent firefighter 42 (8.8%)  

Number of years served 10 (4–18) 

Note: gender, body mass index categories, acceptable body weight, brigade 
region and previous permanent firefighter service are reported as count (per
cent). All other variables are presented as the median and first and third quartile.  
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Physical activity duration and frequency are displayed in  
Fig. 2. The median daily physical activity time was 111 min 
(first and third quartile = 51–235), and the median daily 
exercise-only time was 60 min (first and third quartile =  
26–119). The median daily moderate intensity exercise 
time was 9 min (first and third quartile = 0–21). Forty-two 
percent (n = 200/480) of respondents had not participated 
in moderate intensity exercise in the past week. The median 
daily vigorous intensity time was 0 min (first and third 
quartile = 0–17). Fifty-nine percent (n = 284/480) of 
respondents had not participated in vigorous intensity exer
cise in the past week. Sixty-one percent (n = 295/480) of 
respondents had not participated in strength-based activity 
in the past week. 

Relationship between age and physical activity 

The number of weekly physical activity minutes declined 
with age (β = –0.0055, 95% CrI = −0.0115, 0.0006; Pr 
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Fig. 1. The distribution of age, using 1-year bin widths. The central 
90% interval spanned from 23 to 72 years (wide horizontal line) and 
the interquartile range spanned from 40 to 64 years (narrow horizon
tal line). The dark black circle indicates the mean age (51.4 years), and 
the error bars indicate the 95% bootstrap confidence interval, which 
spanned from 50.0 to 52.8 years.   

Table 2. The percentage of volunteer firefighters who met the physical activity guidelines and physical activity on a typical workday compared 
with Australian population estimates from the 2017 to 2018 National Health Survey.       

Variable Australian 
population A 

Volunteer 
firefighters 

RR RR 95% CI 
lower, upper   

Any physical activity B  

Met guidelines C 3,023,600 (17.6%) 411 (85.6%) 4.87 4.69, 5.05  

Did not meet guidelines 14,169,400 (82.4%) 69 (14.4%) 0.17 0.14, 0.22 

Exercise only B  

Met guidelines C 2,677,400 (15.6%) 371 (77.3%) 4.96 4.73, 5.21  

Did not meet guidelines 14,518,100 (84.4%) 109 (22.7%) 0.27 0.23, 0.32 

Strength-based activity B  

Met guidelines C 8,278,000 (38.8%) 111 (23.1%) 0.60 0.51, 0.70  

Did not meet guidelines 13,062,000 (61.2%) 369 (76.9%) 1.26 1.20, 1.32 

Type of physical activity on a typical workday D  

Mostly sitting 4,876,400 (43.9%) 164 (37.9%) 0.86 0.76, 0.98  

Mostly standing 2,164,900 (19.5%) 54 (12.5%) 0.64 0.50, 0.82  

Mostly walking 2,557,100 (23.0%) 89 (20.1%) 0.89 0.74, 1.08  

Mostly heavy labour or 
physically demanding work 

1,521,800 (13.7%) 126 (29.1%) 2.13 1.82, 2.48 

Note: CI, confidence interval; RR, relative risk. Percentages may not sum exactly to 100 owing to rounding. Boldface indicates the 95% confidence interval of the 
relative risk does not include the null value of one. 
AAustralian adult (18–74 years) population data sourced from published 2017–2018 National Health Survey results. 
BAny physical activity refers to a combination of exercise-only and workplace activity. Exercise-only consists of four domains: walking for transport, walking for 
fitness, sport or recreation, moderate exercise and/or vigorous exercise undertaken in the last week. Workplace activity is physical activity undertaken in the 
workplace, which consists of two domains: moderate and/or vigorous workplace activity undertaken on a typical workday. 

CPer Australia’s Physical Activity and Sedentary Behaviour Guidelines, adults should: (1) accumulate at least 150 min of moderate intensity physical activity or at 
least 75 min of vigorous intensity physical activity, or an equivalent combination of both moderate and vigorous activities each week; and (2) undertake muscle 
strengthening activities on at least 2 days of each week. 

DMissing data (n = 47) for the volunteer firefighter group; not accounted for by calculated percentages.  
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β < 0 = 0.963), by on average 61 min with each decade 
increase in age (Fig. 3a). We did not find any evidence 
that age was associated with a decline in weekly exercise- 
only minutes (β = –0.001, 95% CrI = –0.008, 0.005; Pr 
β < 0 = 0.64; Fig. 3b). 

Walking for travel accounted for a higher proportion 
of weekly physical activity minutes with increases in 
age (β(0,1) = 0.0064, 95% CrI = 0.0005, 0.0123; Pr 
β > 0 = 0.983), by on average 0.81% with each decade 
increase in age (Fig. 3c). Walking for exercise accounted 
for a higher proportion of weekly physical activity minutes 
with increases in age (β(0,1) = 0.008, 95% CrI = 0.002, 
0.014; Pr β > 0 = 0.996), by on average 0.83% with each 
decade increase in age (Fig. 3d). 

Moderate activity accounted for a larger proportion of 
weekly physical activity minutes with increases in age 
(β(0,1) = 0.009, 95% CrI = 0.001, 0.017; Pr β > 0 = 0.988), 
by on average 0.60% with each decade increase (Fig. 3e). 
Vigorous intensity exercise accounted for a lower proportion 
of weekly physical activity minutes with increases in age, 
decreasing by on average 1.19% with each decade increase 
(Fig. 3f). This was due to an increase in respondents doing no 

vigorous activity (β{0} = 0.02, 95% CrI = 0.01, 0.03; Pr 
β > 0 = 1), rather than a reduction in vigorous activity min
utes being undertaken (β(0,1) = –0.002, 95% CI = –0.009, 
0.005; Pr β < 0 = 0.688). 

Work activity accounted for a lower proportion of weekly 
physical activity minutes with increases in age, decreasing by 
on average 1.44% with each decade increase in age (Fig. 3g). 
This was due to an increase in respondents doing no work 
activity (β{0} = 0.010, 95% CrI = –0.002, 0.022; Pr 
β > 0 = 0.941), rather than a reduction in work activity min
utes being undertaken (β(0,1) = –0.003, 95% CrI = –0.010, 
0.004; Pr β < 0 = 0.785). 

Discussion 

There are several insights from this survey of Australian 
volunteer firefighters. The mean age of the Queensland 
volunteer population was estimated to be between 50.0 
and 52.8 years. Compared with the general Australian popu
lation, volunteer firefighters were: (1) twice as likely to per
form physically demanding work in their career occupation; 

Total physical activity minutes

Total exercise only minutes

Days of any physical activity

Days exercised only

Days of any physical activity for at least 30 min

Days exercised only for at least 30 min

Days of any physical activity for at least 60 min

Days exercised only for at least 60 min

Days of strength or toning activities

Minutes

0% 25%

None 1–149 149–300 >300

Days None 1–4 5–6 7

50%

Percentage
75% 100%

0% 25% 50%

Percentage
75% 100%

Fig. 2. Physical activity and exercise-only minutes (top panel), and days of physical activity, exercise-only and 
strength-based activities undertaken in the past week (bottom panel). Any physical activity refers to a combination 
of exercise-only and workplace activity. Exercise only consists of four domains: walking for transport, walking for 
fitness, sport or recreation, moderate exercise and/or vigorous exercise undertaken in the last week. Workplace 
activity is physical activity undertaken in the workplace, which consists of two domains: moderate and/or vigorous 
workplace activity undertaken on a typical workday.    
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Fig. 3. The relationship between age and weekly physical activity minutes (a), and between age and weekly exercise 
only minutes (b); and the contribution of walking for travel (c), walking for fitness (d), moderate intensity exercise 
(e), vigorous intensity exercise (f), and workplace activity (g) to weekly physical activity minutes. The dark line 
indicates the posterior mean. The shaded ribbon indicates the 66% (blue inner ribbon) and 95% (light blue outer 
ribbon) credible interval. There was a decline in weekly physical activity minutes with aging, but no change in weekly 
exercise-only minutes. Walking for travel, walking for fitness and moderate intensity exercise accounted for a higher 
proportion of weekly physical activity minutes with aging. Vigorous intensity exercise and workplace activity 
accounted for a lower proportion of weekly physical activity minutes with aging.    
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(2) over four times more likely to meet the physical activity 
guidelines in addition to the exercise-only guidelines; and 
(3) 1.4 times more likely to not meet the strength-based 
activity guidelines. We found that the number of physical 
activity minutes, but not exercise-only minutes, declined 
with age. Future studies should review current organisational 
approaches to the fitness of Australian volunteer firefighters. 
It is possible that volunteer firefighters could benefit from 
outreach programs that promote and/or facilitate exercise 
participation, particularly in strength-based training. A 
multi-site trial of such a program and its effect on volunteer 
fitness may be warranted. 

The mean age of volunteers was estimated to be 
51.4 years (Fig. 1), which is 12 years older than a 2017 
study of 160,000 male volunteers (Glass et al. 2017) and 
7.8 years older than the Queensland State Emergency Service 
volunteer population in 2019 (Queensland Government 
2019). Exactly why the volunteer firefighter population 
would be older than State Emergency Service volunteers is 
unclear; yet it does raise concerns about age-related health 
issues, particularly in the context of evidence that 28% of 
volunteer resignations are due to age or health issues 
(McLennan et al. 2009). Although the recruitment of youn
ger volunteers is important, of equal importance is the ability 
to retain young recruits. There is a lack of data on the 
propensity of younger volunteers to be retained. Time and 
financial costs have been indicated as significant deterrents 
to volunteering (O’Halloran and Davies 2020), secondary to 
decreased volunteerism (McLennan et al. 2016). These 
factors are likely to contribute to lower rates of younger 
Australians volunteering, particularly those with young fam
ilies or multiple paid employments. 

In 2018, it was estimated that only 17.6% of Australians 
met the national physical activity guidelines, with 15.6% 
meeting the exercise-only guidelines (Table 2). We found 
that volunteer firefighters were nearly five times more likely 
to meet these guidelines compared with the Australian pop
ulation. There is a lack of data on physical activity beha
viours of Australian volunteer firefighters. A study of 74 
American male volunteers found that 46% were considered 
sedentary – defined as not achieving at least 30 min of 
moderate intensity physical activity on 3 or more days a 
week (Martin et al. 2019). Using this definition, 55% of our 
sample would be considered sedentary. An additional 8% of 
our sample met the weekly time requirement but did not 
exercise on 3 or more days, which would otherwise mean 
that 47% of our sample were considered sedentary, which is 
comparable with the American study (Martin et al. 2019). 
A separate study of 123 American volunteers found that 
14% did not participate in any moderate intensity exercise 
and 41% did not participant in vigorous intensity exercise 
(Amodeo and Nickelson 2020), compared with 42 and 59% 
in our sample. This suggests that Australian volunteers 
undertake substantially less moderate and vigorous intensity 
exercise compared with their American counterparts. The 

generalisability of these estimates should be treated with 
caution owing to the small sample sizes of the comparison 
studies. 

Decreased participation in moderate and vigorous inten
sity exercise is likely to increase the relative demands of 
firefighting independently of age, therefore increasing the 
associated risk of cardiac events (Walker et al. 2015). 
Worryingly, but not unexpectedly (Caspersen et al. 2000), 
we found that vigorous intensity activity accounted for a 
lower proportion of weekly physical activity minutes with 
aging (Fig. 3f). Aging was also associated with a decline in 
weekly physical activity minutes (Fig. 3a) but encoura
gingly, not exercise-only minutes (Fig. 3b). Our findings 
further support calls for the implementation of outreach 
programs that target physical activity behaviours in volun
teer firefighter settings (Day et al. 2019; Martin et al. 2019). 
Although such programs may assist in ensuring volunteers 
maintain moderate and vigorous activity, they are no pana
cea, owing to the complexity of physical activity intention 
(Amodeo and Nickelson 2020). Programs should also 
include dietary education and support (Day et al. 2019), 
particularly when considering the high prevalence of over
weight or obesity in volunteer firefighters (Martin et al. 
2019) (71.5% in the current sample) and evidence that the 
risk of coronary heart disease risk is greater in volunteer 
firefighters compared with other volunteer and paid emer
gency services (Wolkow et al. 2014). 

Despite the importance of strength endurance capacity 
when fighting wildfires (Phillips et al. 2012), 61% of respon
dents had not participated in strength-based activities in the 
past week and 77% did not meet the Australian strength 
activity guidelines (Table 2). Volunteers were 1.4 times 
more likely to not meet the guidelines compared with the 
Australian population. This result may be explained by 
volunteers being twice as likely to undertake heavy labour 
or physically demanding activities on a typical workday 
compared with the Australian population. Working in a 
physically demanding occupation such as farming, agricul
ture or construction could, at least in part, offset the need to 
participate in strength-based training. Nonetheless, partici
pation in structured strength and conditioning training is 
still important (Westcott 2012; Bennie et al. 2020), particu
larly to offset the negative effects of age on strength 
(Westcott 2012), and this result should be further investi
gated. Sixty-one percent of volunteers did not participate in 
any strength-based training, which is higher than estimates 
of 45.2% in American volunteer firefighters (Amodeo and 
Nickelson 2020). Volunteer firefighters could benefit from 
outreach programs that promote and/or facilitate participa
tion in strength-based training activities (Day et al. 2019). 

The survey response rate was 2.38%, and therefore, cau
tion should be taken when generalising from our findings. It 
is possible that our findings do not extend to volunteers 
from other Australian states. Further, the study results 
should be interpreted in the context of the cross-sectional 
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design, such that the causal relationships between age and 
physical activity, and between age and exercise-only min
utes, are unknown. New recruits may be over-represented in 
our sample, as nearly a quarter of respondents (23.8%) had 
3 or less years of volunteering experience. We are unable to 
compare demographic data between survey responders and 
non-responders. Questionnaire-based measures of physical 
activity are known to overestimate activity levels, some
times by as much as 170% (Lee et al. 2011). Using a con
servative approach and halving the weekly activity minutes 
for each respondent, 75.8% of the sample still met the 
physical activity guidelines and 48.3% met the exercise- 
only guidelines. Using these values, volunteers were still 
4.3 times (95% CI = 4.1–4.5) and 3.1 times (95% 
CI = 2.8–3.4) more likely to meet the physical activity and 
exercise-only guidelines compared with the Australian pop
ulation. A summary of age (as a continuous variable) and 
body mass index could not be provided for the Australian 
population data, as age data were reported categorically 
only, and body mass index data were reported in a different 
age bracket (18 and older) to the physical activity data 
(18–74 years) used in our study. Females represented 
50.7% of individuals in the Australian population data. 

Conclusion 

We estimated the mean age of Queensland volunteer fire
fighters to be 51.4 years, which is nearly 8 years older than 
the mean age of Queensland State Emergency Service volun
teers. Compared with general the Australian population, 
volunteers were more likely to meet the national physical 
activity and exercise only guidelines, but less likely to meet 
the strength-based activity guidelines. Expected age-related 
declines in vigorous intensity exercise minutes were observed. 
There is a need to review the current organisational 
approaches to the fitness of Australian volunteer firefighters 
and consider whether volunteer firefighters could benefit 
from outreach programs that promote and/or facilitate exer
cise participation, particularly from strength-based training. 

Supplementary material 

Supplementary material is available online. 
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