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Abstract

Almost one in three firefighters develop mental health disorders at some point during their

careers, a rate double that in the general population. Frequent exposures to potentially trau-

matic situations can contribute to symptoms of these disorders, two of the most common

being depression and post-traumatic stress disorder (PTSD). While various psychological

interventions have been implemented among this group, reports of their effectiveness

include mixed results. To this end, the current study endeavored to test the effectiveness

of a 12-week intervention combining occupationally-tailored high-intensity functional

training (HIFT) and psychological resilience training (RES) in reducing depressive and

post-traumatic stress symptoms (PTSSs), as well as increasing psychological resilience

and mental wellbeing, in career firefighters. Thirty career firefighters completed four

mental health measurements over 17 weeks while anthropometrics and physical perfor-

mance (i.e., number of stations completed in 20 min during an eight-station simulated

job-task circuit workout [T-CAC]) were measured pre- and post-intervention. Pre to post

comparisons were made via repeated-measures t-tests. Significant mean differences were

observed for T-CAC stations completed, PTSSs, and psychological resilience between pre-

and post-intervention. In future interventions, researchers should actively engage firefight-

ers, maximize integration with daily operations, and employ culturally-relevant practices

to explore the links between physical and mental health.

Keywords: firefighters; mental health; performance; functional training; psychological

resilience; intervention; longitudinal research

1. Introduction

By nature, the firefighting profession exposes career and volunteer firefighters to a

multitude of potentially dangerous, threatening, and traumatic situations in the pursuit

of saving lives and property. These frequent exposures require a great deal of physical

fitness and psychological resilience and, over time, can lead to lasting effects on one’s

body and mind. Almost one in three firefighters develop mental health disorders at some

point during their careers, a rate double that in the general population [1–3]. However,

frequent exposures to potentially traumatic events, environmental hazards, and disturbed

sleep patterns can contribute to symptoms of mental health disorders, two of the most

common being depression and post-traumatic stress disorder (PTSD) [1,2,4–9]. Overall,

seminal research indicates that 11% of firefighters suffer from depression [10], with more

contemporary research suggesting similar results (i.e., ~10%) [11].
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Previous stressful life events like traumas or personnel losses can also increase fire-

fighters’ risks of experiencing mental health issues following a disaster response or other

major event while on-duty [1,10]. As a result of such traumas, firefighters can experience

post-traumatic stress symptoms (PTSSs). While PTSD is a recognized medical condition by

the American Psychiatric Association (APA), as reported in the Diagnostic and Statistical

Manual of Mental Disorders, 5th edition (DSM-5), PTSSs reflect sub-clinical symptoms

of the diagnosable disorder of PTSD. Further, although the presence of PTSSs (e.g., hy-

perarousal, vivid flashbacks, involuntary intrusive thoughts or recollections, nightmares,

and numbing and/or avoidance of triggering activities relating to memories of traumatic

events) [2,12–14] may or may not develop into PTSD, these symptoms can still negatively

impact a person’s mental health.

1.1. Exercise and Mental Health

Structured exercise can elicit various positive effects on mental health and psycho-

logical wellbeing in all individuals, including firefighters. Seminal and contemporary

research has acknowledged exercise as therapeutically effective with similar effectiveness

to some psychotherapies and antidepressant medications [15–23] for treating depression,

as well as reducing and even preventing depressive symptoms among clinical and non-

clinical populations, regardless of age, sex, or geographical region [15–30]. Similar positive

effects from exercise have been shown to decrease anxiety and PTSSs, namely through

improved sleep quality, quality of life (QOL), self-esteem, self-efficacy, mood, and physical

wellbeing [26,27,31–37].

More specific to firefighters, strong evidence exists supporting exercise as both a

preventative measure and adjunct treatment for commonly experienced mental disorders

(i.e., depression, anxiety, and PTSD) that also provides various ancillary physical health

benefits [24,28,35]. Regular physical activity can also reduce alcohol dependence among

firefighters and is associated with a 17% reduction in incident cases of depression [35],

as well as anxiety and stress-related disorders more generally [37]. A meta-review by

Ashdown-Franks et al. [37] states that both aerobic exercise (AE) and combined AE and

strength training at moderate to vigorous-intensity can significantly reduce PTSSs com-

pared to control conditions (i.e., usual care or wait-list controls; Hedges’ g = −0.31, 95%

CI [−0.60, −0.02]) [38]. In this case, they and Rosenbaum et al. [38] list usual care as

trauma-focused cognitive behavioral therapy (CBT), eye-movement desensitization and

reprocessing (EMDR), and pharmacotherapy (i.e., SSRIs). Rosenbaum et al. also reported

preliminary findings that mental health interventions that include exercise can result in a

significantly greater reduction in depressive symptoms in those with PTSD than controls

(Hedges’ g = −0.37, 95% CI [−0.69, −0.05]) [37,38].

As a whole, exercise can improve mental wellbeing and is a viable preventative and/or

adjunctive option for improving various mental health outcomes. Occupationally-specific

high-intensity functional training (HIFT) has the potential to positively affect both phys-

ical and psychological factors in firefighters [23,29,30,37]. HIFT emphasizes functional,

multi-joint movements performed as both aerobic and strength-training exercises that

elicit increased muscle recruitment to induce greater improvements to cardiorespiratory

endurance, muscular strength, and flexibility than either aerobic or strength training

alone [39,40]. HIFT has also been positively correlated with participant enjoyment, social

support, and intrinsic motivation and can serve as a potent training stimulus for firefighters

to improve operational readiness alongside overall fitness [39,41–43]. Given the demon-

strated beneficial effects of exercise on physical and mental health, exercise has the potential

to elicit positive effects on mental health and psychological wellbeing in firefighters.



Int. J. Environ. Res. Public Health 2025, 22, 1227 3 of 33

1.2. Psychological Resilience and Mental Health

The prevalence and risks for depression and PTSD in this population necessitate fur-

ther research regarding the promotion and protection of firefighters’ mental health. To these

ends, researchers advocate for the facilitation of psychological resilience for the prevention

of PTSD and reduction of depressive symptoms [44–46]. The literature also supports ex-

ercise as a means to positively affect physical and psychological resilience, specifically by

increasing mood, self-esteem, sleep quality, QOL, and physical wellbeing [31–33,47].

There is a need to directly bolster psychological resilience in firefighters through

effective and comprehensive means [48–56]. The literature indicates that resilience, defined

as one’s ability to successfully adapt to stressors and maintain psychological wellbeing in

the face of adversity [47], is a primary protective factor against a multitude of mental health

issues, including depression and PTSD [1,57–60]. In this regard, psychological resilience

training (RES) has the capacity to improve mental health and wellbeing in firefighters,

specifically pertaining to PTSSs. To date, RES programs implemented with firefighters

have been shown to successfully increase mood and emotion regulation skills [47,61], help-

seeking behaviors [49], QOL [62], and mental wellbeing [57]. Firefighters who can draw on

resilience as a personal resource can also better resist hazards associated with traumatic

situations and better cope with post-traumatic stress [63,64].

Finally, the literature also suggests the potential of combined approaches for improv-

ing firefighters’ psychological functioning. In terms of reducing depressive symptoms,

exercise has been demonstrated as an effective, low-cost adjunct to psychological inter-

ventions employing cognitive reappraisal (i.e., one’s ability to reevaluate and reframe

experiences in a more positive light) [47], active emotional coping, arousal management,

and cognitive monitoring techniques (i.e., RES) [47,55]. Concerning PTSSs, moderate- to

high-intensity exercise has also been associated with reduced PTSS severity over time via

improved sleep quality, mood, autonomy, and self-esteem [30–33,65,66]. Also, because

many pharmacological and psychotherapeutic approaches fail to achieve full remission in

all individuals, structured exercise as a non-stigmatizing, low-cost option could potentially

improve long-term outcomes across a range of mental health disorders [37]. Combined

with the positive effects of RES on depression, stress, anxiety, vigor, and QOL [49,67,68],

moderate- to high-intensity exercise could significantly improve wellbeing in addition to

physical and mental preparedness in firefighters.

To date, previous studies investigating mental health in this population have identified

the increasing prevalence of depression, anxiety, and stress-related conditions, although

few studies have attempted an intervention to help address these mental health concerns

among career firefighters.

The purpose of this study was to explore the impact of an occupationally-tailored 12-

week intervention combining HIFT and RES on mental health (i.e., depressive symptoms,

post-traumatic stress symptoms, psychological resilience, and mental wellbeing) in career

firefighters. The primary aim of the study was to observe change over time for each of the

four mental health outcome variables in a group of 30 career firefighters.

Additionally, the study intervention was designed to specifically address the National

Fallen Firefighters’ Foundation (NFFF) research agenda toward firefighter health and

safety, with a special emphasis on behavioral health to address firefighters’ concerns with

post-traumatic stress, depression, suicide, and related issues.

2. Materials and Methods

A longitudinal, one-group, double pre-test quasi-experiment was implemented to test

the effectiveness of a combined exercise and psychological resilience training intervention

at improving mental health (i.e., PTSSs, depressive symptoms, mental wellbeing, and
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psychological resilience) among firefighters over 17 weeks. Components of the intervention

included occupation-specific HIFT prescribed in a daily undulating periodized fashion.

Additionally, we incorporated The Road to Resilience (R2R) program by The First

Twenty® (TF20; Narberth, PA, USA). R2R is an occupationally-tailored, web-based health

and wellness program designed by firefighters for firefighters with the help of experts

in the fields of behavioral and physical health [69–71]. This program was selected to

better impact mental wellbeing and physical performance outcomes among this group,

as well as facilitate increased access and scalability of mental health interventions among

career firefighters.

Participants completed four mental health outcome measurements during the full

study period (i.e., baseline [study week 0], pre-intervention [study week 4], midpoint [study

week 11], and post-intervention [study week 17]). The survey measurements that occurred

before the intervention period (i.e., baseline and pre-intervention time points) were used to

identify possible fluctuations in participants’ mental health prior to the introduction of any

intervention practices. Without the inclusion of participant randomization into treatment

and control groups, this double pre-test design was chosen for its propensity to reduce the

plausibility of maturation and regression threats to internal validity. A full layout of major

study events can be found below in Figure 1.

Figure 1. One-group longitudinal study design with double pre-test. AHA, American Heart As-

sociation; ACSM, American College of Sports Medicine; CD-RISC-10, 10-item Connor–Davidson

Resilience Scale; HIFT, high-intensity functional training; PCL-C, PTSD Checklist—Civilian version;

PHQ-9, 9-item Patient Health Questionnaire; RES, resilience training; T-CAC, Time-Critical Athlete

Challenge; WEMWBS, 14-item Warwick–Edinburgh Mental Wellbeing Scale.

All survey data were collected and managed using Research Electronic Data Cap-

ture (REDCap) [72,73]. REDCap is a secure, web-based software platform designed to
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support validated data capture for research studies. All study protocols, from design to

implementation to write-up, were approved by the Institutional Review Board (IRB; Project

Number 1792624-1).

2.1. Participants and Exercise Pre-Screening

Career firefighters of all genders and ethnicities aged 18–55 years were recruited from

three fire departments in the southwest United States. Recruitment methods included

emails inviting participants to attend Zoom presentations provided by study personnel

explaining the TF20 platform, study overview, and intervention requirements, after which

any and all questions were answered.

At the conclusion of the recruitment presentation, a QR code was provided on screen

linking potential participants to an online informed consent form where first and last

names, electronic signatures, and email addresses were provided if the participants were

interested in study inclusion. Once informed consent was provided, potential participants

were immediately sent an exercise prescreening form where health status; cardiovascular

(CV) risk factors, events, and symptoms; other health issues; and overall exercise readiness

were assessed.

The American Heart Association (AHA)/American College of Sports Medicine (ACSM)

Exercise Pre-Screener was used to screen out potential participants in this regard. Only

participants who were rated healthy enough for moderate-to-vigorous physical activity as

indicated by the prescreening form were selected for study inclusion. Those with risk factors

or history of CV events were contacted for further information. It should also be noted

that career firefighters who are cleared for active duty (i.e., all study participants) undergo

routine medical evaluations and are ultimately cleared for strenuous activity (e.g., fireground

operations or exercise) by department administrators and medical personnel.

Participants were also excluded from the study if they were pregnant or became

pregnant or were unable to safely perform exercises and/or otherwise participate in the

study due to injury or health issues. Overall, 30 participants were recruited (3 female),

representing 12 independent fire stations.

2.2. Pre- and Post-Intervention Procedures

Prior to the intervention start date, participants’ demographics, anthropometrics

(i.e., height, weight, body mass index [BMI], lean body mass [LBM], and body fat percent-

age [%BF]), and physical performance abilities were measured. Anthropometrics were

measured via bioelectrical impedance analysis (BIA) using an InBody 570 Body Composi-

tion Analyzer (InBody; Seoul, Republic of Korea). Firefighter-specific physical performance

testing was also measured across an eight-station circuit workout (the Time-Critical Athlete

Challenge [T-CAC]), in which participants completed as many rounds as possible under a

20 min time cap.

The T-CAC was designed to simulate the Candidate Physical Ability Test (CPAT), the

gold-standard firefighter physical ability test designed and validated by the International

Association of Fire Fighters’ (IAFF) and International Association of Fire Chiefs’ (IAFC) Joint

Labor Management Wellness-Fitness Initiative (WFI) Task Force [74]. The T-CAC workout

was performed immediately pre- and post-intervention at the local Training Facility using

available firefighting equipment, facilities, and personnel. Firefighters completed the

workout in full turnout gear, including boots, bunker coat, pants, helmet, work gloves, and

empty air bottle (without face mask), after a course walkthrough immediately following

body composition analysis.
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2.3. Mental Health Outcome Measures

Four psychological instruments were used to measure mental health outcomes of

depressive (Patient Health Questionnaire [PHQ-9]) [75] and post-traumatic stress symptoms

(PTSD Checklist, Civilian version [PCL-C]) [76], as well as psychological resilience (Connor–

Davidson Resilience Scale [CD-RISC10]) [77] and mental wellbeing (Warwick–Edinburgh

Mental Wellbeing Scale [WEMWBS]) [78]. The PHQ-9 is a 9-item instrument with questions

answered in relation to presence of bothersome symptoms over the past two weeks, ranging

from not at all (0), several days (1), more than half the days (2), to nearly every day (3).

Scores can range from 0 to 27. Clinical cutoff scores for depressive symptom severity

were set as minimal (0–4), mild (5–9), moderate (10–14), moderately severe (15–19), and

severe (20–27) [79]. An initial validation study indicated good agreement between PHQ-9

diagnosis and independent diagnosis by mental health professionals (κ = 0.65), with overall

accuracy of 85%, sensitivity of 75%, and specificity of 90% [75]. A score ≥10 corresponds

with a sensitivity of 88% and a specificity of 88% for major depression when compared to

criterion standard mental health professional interviews. The instrument also has excellent

internal reliability at α = 0.89 and 48 h test–retest reliability at r = 0.84 [79].

The PCL-C is a 17-item self-report measure based on the DSM-IV’s 17 symptoms

for post-traumatic stress disorder in traumatized populations. Questions are rated on a

5-point Likert-type scale to the degree that symptoms have been bothersome over the

past month, ranging from not at all (1), a little bit (2), moderately (3), quite a bit (4), to

extremely (5). Scores can range from 17 to 85 [76]. An initial validation study demonstrated

κ = 0.64 for PTSD diagnosis, test–retest reliability of r = 0.96, and internal consistency of

α = 0.94 [76]. Depending on the specific cutoff score used, sensitivity ranged between 0.78

and 0.94, and specificity between 0.68 and 0.71, with comparable values found between

this measure and other accepted self-report PTSD measures [80]. For the current study, a

cutoff score of 44 was used as a measure of probable PTSD diagnosis, as this was previously

found to maximize diagnostic efficiency by Blanchard et al. [76]. Although a more current

version of the Checklist exists (i.e., PCL-5), the PCL-C was utilized in the current study to

reflect past practices in research concerning PTSSs and PTSD in firefighters. Additionally, a

study by Moshier et al. [81] comparing PCL-C and PCL-5 scores suggested a great deal of

overlap (r = 0.95) between the measures, and authors provide a “crosswalk” with which to

convert scores between the two. The PCL-C also has three less questions than the PCL-5

(i.e., 17 versus 20), and with three other instruments being administered to participants at

each measurement time point, a measure of similar validity and fewer items was chosen.

The CD-RISC10 is perhaps the most widely administered resilience scale among

various US and international military, first responder, and general populations [82] and was

used to measure psychological resilience. An initial validation study rated the measure’s

internal consistency at α = 0.85 [77], and subsequent examinations indicated test–retest

reliability between 0.78 and 0.90 [83]. The 10 scale items are rated on a 5-point Likert-

type scale ranging from not true at all (0), rarely true (1), sometimes true (2), often true

(3), to true nearly all of the time (4). Scores can range from 0 to 40. In general, higher

CD-RISC10 scores correspond with increased psychological resilience. Authors report

that a score in the first (scores between 0 and 29) or second (scores between 30 and 32)

quartiles may suggest difficulties in one’s ability to cope with stress or bounce back from

adversity [84] (p. 3). Items relate to cognitive flexibility, self-efficacy, ability to regulate

emotion, optimism, cognitive focus, and maintaining attention under stress [84]. The

CD-RISC10 was developed by Campbell-Sills and Stein’s work relating to the treatment,

assessment, diagnosis, biological characterization, cross-cultural study, epidemiology, and

risk factors for PTSD [85]. Since the current study aimed to reduce PTSSs over time in
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firefighters by bolstering psychological resilience, this measure was chosen to better qualify

any changes in PTSSs that were observed over the study period.

Lastly, the WEMWBS is a comprehensive 14-item instrument designed to measure

mental wellbeing at the population level and intended for mental health promotion ini-

tiatives [78]. Scale items are rated on a 5-point Likert-type scale ranging from none of

the time (1), rarely (2), some of the time (3), often (4), to all of the time (5). Scores can

range from 14 to 70. In general, higher scores on the WEMWBS correspond with increased

mental wellbeing. The scale initially displayed a Cronbach’s α = 0.91, test–retest reliability

of r = 0.83 at one week, and lesser social desirability bias to similar instruments when

tested among university students and representative population samples in the UK [78,86].

The WEMWBS was further validated and shown to be sensitive to change in groups and

individuals across five studies in 2012, with Cronbach’s α ≥ 0.86 [87]. The scale focuses

on Positive Psychology concepts and expanded perspectives of mental wellbeing, namely

from a combined hedonic (i.e., encompassing one’s subjective experience of happiness and

general life satisfaction) and eudaimonic perspective (i.e., including one’s positive psycho-

logical functioning, mutually beneficial relationships with others, and self-realization) [88].

More generally, these two overarching perspectives relate to feeling good and functioning

well, respectively. While the WEMWBS was not designed as a screener for depression or

broader mental illness, authors do suggest that a score of 40 or below could indicate high

risk of major depression, while scores between 41 and 45 suggest high risk of psychological

distress [88].

These scales were employed at four different time points over the study timeline in

order to better observe possible changes in participants’ mental health over time. These

measurements occurred during study weeks 0, 4, 11, and 17 as the baseline, pre-intervention,

midpoint, and post-intervention measurement time points, respectively. Overall, each

survey battery started with a Survey Welcome Page on which participants were reminded of

general confidentiality; provided with contact information of study PIs; and provided with

tables listing local, county, state, and national mental health resources. These resources and

PI contact info were also provided to participants on each survey battery’s Departure Page.

2.4. Intervention Protocols

Each intervention week included three HIFT workouts lasting at least 20 min each,

as well as online RES modules for a total weekly time requirement of 1.5–2 h. Weekly

resilience training modules consisted of four primary practices. Namely, these practices

included a weekly Expeditionary Readiness Challenge, Visualization & Positive Self-talk

practice, weekly Mantra practice, and weekly “Breathe with your Mantra” practice (i.e., four-

second box breathing while repeating the mantra to oneself). The emphasis of HIFT

workouts changed daily, and the workouts were periodized in a undulating fashion;

specifically, the volumes and intensities of each workout fluctuated widely throughout each

intervention week [89] but slowly progressed toward higher intensities over time. Overall,

HIFT workouts were provided to participants via email on preformatted workout cards on

Mondays of each intervention week. TF20’s Road to Resilience Weekly Challenge & Mantra

were emailed to participants on Sundays of each intervention week, while subsequent TF20

Road to Resilience Challenge Check-In messages were sent on Tuesdays, and a final TF20

Road to Resilience Mantra Check-In was sent on Thursdays.

Short videos were also provided to participants demonstrating safe performance

of most exercises. Overall, 169 videos totaling 173 min and 8 s of content were created.

Exercise modifications, progressions, and regressions were also provided to participants

here in order to accommodate fitness abilities and common joint injuries (e.g., to shoulders,

lower-back, knees) associated with this population.
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Additional fitness tracking was also collected weekly through the Workout and RES

questionnaire to account for any exercise performed outside our three prescribed weekly

HIFT workouts. Namely, participants were asked if they performed any additional work-

outs during the week, and if they answered “Yes,” a subsequent question concerning the

number of additional workouts appeared. Based on the whole number they entered here,

follow-up questions regarding the amount of time they spent exercising, the intensity of

their exercise (i.e., recorded as a rating of perceived exertion [RPE] value), and type of

exercise they performed were asked. If they answered “No” to performing additional

workouts that week, the questionnaire ended there. These weekly questionnaires of inter-

vention practices were used to track participants’ adherence to intervention protocols. That

is, completed questionnaires were equated with completed workouts and RES practices. If

participants did not complete a workout or RES practice, they were instructed to leave the

questionnaire blank.

2.5. Statistical Analyses

Participant-specific survey batteries were distributed via email and were only acces-

sible to those included in the study. All survey responses and metadata were collected

using Research Electronic Data Capture (REDCap) [72,73]. All data remained deidentified,

confidential, password protected, and stored on a secure University server. Microsoft

Excel [90] was also used to track and run basic descriptive statistics (e.g., means, medians,

standard deviations) on intervention adherence, as well as workout and R2R ratings. IBM

SPSS Statistics (Version 28) [91] was also utilized to generate difference scores, total adher-

ence calculations, repeated-measures t-tests, independent-samples t-tests, Hedges’ g effect

sizes, and boxplots. Repeated-measures t-tests were performed to assess mean differences

between baseline and pre-intervention measurements (i.e., study week 0 to 4), as well as

pre-intervention and post-intervention measurements (i.e., study week 4 to 17).

Repeated-measures t-tests employed pairwise exclusion, and participants with missing

data (i.e., incomplete data “pairs” from repeated measurements) were not included in

models. Further, incomplete mental health questionnaires were counted as missing, and

associated scores were not entered into statistical models. Also, outliers were not removed

from these tests in order to preserve degrees of freedom and make use of the full sample

data. The influence of outliers will be discussed in Section 3.6, Mental Health Outcome

Measurement Distributions.

Hedges’ g values can be interpreted as mean differences in standard deviations, in that

a value of g = 1.00 represents a mean difference of one standard deviation, g = 2.00 represents

a mean difference of two standard deviations, and so on [92]. While suggested small,

medium, and large ranges of effect size vary considerably among research fields [93–95],

sources still recommend using Cohen’s values of 0.20, 0.50, and 0.80 as small, medium, and

large effect sizes, respectively [93,96,97]. Post hoc sample size and power analyses were

completed using G*Power 3.1.9.4 [98,99] for achieved power, given α, sample size, and

effect size, for repeated-measures t-test results. Statistical significance was set as two-tailed

p-values ≤ 0.05, and all 95% CIs, effect sizes, and ranges are reported in full. Multiple

comparisons were also controlled for using Bonferroni corrections [100] where appropriate.

SAS software, Version 9.4, of the SAS System for Windows (SAS Institute Inc.) [101] was

used to calculate intraclass correlation coefficients (ICCs) and perform multilevel modeling

(MLM). Analyses were conducted using two-level models with random intercepts including

between-subject (i.e., participant at level 2) effects and time (i.e., measurement occasion

at level 1) for outcome variables. Maximum likelihood (ML) estimation was chosen as

the estimation method for variance components to maximize the likelihood of describing

the full sample data while treating the fixed effects as known [102,103]. An unstructured
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covariance matrix and the between–within method for denominator degrees of freedom

were also utilized. In all reported models, B coefficients for time (i.e., fixed effects for

growth) reflect change in each outcome over one-week increments of time during the

intervention period.

MLMs were centered on the pre-intervention measurement occasion, rather than

post-intervention, due to loss to follow-up for anthropometrics and job-task performance

post-testing, as well as corresponding losses in degrees of freedom. Outliers were similarly

not removed from these models in order to preserve degrees of freedom. In all growth

models (i.e., those modeling the effects of time), growth was calculated as the difference

between measurement occasions in weeks for each model outcome variable. Random

effects, model deviance values (i.e., −2 log-likelihood test differences, Akaike Information

Criterion [AIC], and Bayesian Information Criterion [BIC]), and pseudo-R2 values are also

presented with each model. Pseudo-R2 values were calculated using the “FitStatistics”

output and PROC REG in SAS [101] for each growth model to gauge model fit over each

original unconditional model for the means. Overall, MLMs estimated the effects of

demographics, intervention adherence, and relevant covariates on mental health outcomes,

anthropometrics, and simulated job-task performance.

For all outcomes, Model 1 presents results for unconditional models for the means, in

which no predictors were included and the fixed effects reflect outcome grand mean values

at pre-intervention. Model 2 presents results for unconditional growth models that indicate

an omnibus presence or lack of change in outcome values over time without any covariates.

The first conditional models are presented as Model 3, in which mean-centered baseline

scores of each outcome variable were included as covariates alongside growth (i.e., time in

weeks between measurement occasions).

When examining main effects of demographics on outcomes at pre-intervention (week

4), categorical variables representing participants’ relationship status, education level, fire

department rank, and race/ethnicity were dichotomized due to differences in group sizes

and ease of interpretation. Overall,

• Model 4 (AgeMC) controlled for participants’ mean-centered age at 39 years (M = 39.70 years,

SD = 7.62, range = 23.00–57.00);

• Model 5 controlled for level of education, dichotomized into 0 (Some college but no

degree [n = 2] or Associate degree [n = 13]) and 1 (Bachelor degree [n = 13] or Graduate

degree [n = 2];

• Model 6 controlled for fire department rank, dichotomized into 0 (Firefighter [n = 8] or

Engineer [n = 6]) and 1 (Captain [n = 10] or Battalion Chief [n = 6]);

• Model 7 (Years of serviceMC) controlled for years of service mean-centered at 15

(M = 15.43 years, SD = 8.27, range = 1.00–35.00);

• Model 8 controlled for participants’ combined race and ethnicity, dichotomized into

0 (Race: White [n = 1], Other [n = 1], Don’t know [n = 1], or Prefer not to say [n = 1];

Ethnicity: Hispanic [n = 3] or Prefer not to say [n = 1]) and 1 (Race: White [n = 26];

Ethnicity: Not Hispanic [n = 26]);

• Model 9 controlled for relationship status, dichotomized into 0 (Single [n = 3], In a

relationship [n = 2], or Divorced [n = 1]) and 1 (Married [n = 24]);

• Model 10 controlled for participants’ biological sex as 0 (Male [n = 27]) and 1 (Female

[n = 3]).

Concerning the main effects of intervention adherence and additional fitness tracking

on mental health outcomes, MLMs were structured as follows:

• Model 4 (Combined adherenceSTD) controlled for participants’ standardized combined

adherence (see Tables S12–S15 for a description of variable standardization);
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• Model 5 controlled for Combined adherenceSTD plus the Combined adherenceSTD ×

growth interaction;

• Model 6 controlled for Combined adherenceSTD, the Combined adherenceSTD × growth

interaction, and additional fitness tracking variables (i.e., mean-centered additional

weekly workouts, mean-centered additional weekly minutes of exercise, and mean-

centered rating of perceived exertion [RPE] of additional workouts);

• Model 7 (HIFT adherenceSTD) controlled for participants’ standardized HIFT work-

out adherence;

• Model 8 controlled for HIFT adherenceSTD plus the HIFT adherenceSTD × growth

interaction;

• Model 9 controlled for HIFT adherenceSTD, the HIFT adherenceSTD × growth interac-

tion, and additional fitness tracking variables;

• Model 10 (RES adherenceSTD) controlled for participants’ standardized RES practice

adherence;

• Model 11 controlled for RES adherenceSTD plus the RES adherenceSTD × growth

interaction;

• Model 12 controlled for RES adherenceSTD, the RES adherenceSTD × growth interac-

tion, and additional fitness tracking variables.

For MLMs concerning the main effects of intervention adherence and additional fitness

tracking on anthropometrics and job-task performance (see Tables S7–S11), all aforemen-

tioned tests were conducted excluding pre-intervention values since these variables were

only measured twice and all models were already centered on the pre-intervention occasion.

Due to the large number of tests performed, the corresponding MLM result sections will

only detail statistically significant models for each outcome tested. However, full model

summary tables are provided in Supplementary Materials.

3. Results

3.1. Sample Characteristics

Participants’ demographics are presented in Table 1 below. The study sample consisted

of 30 firefighters (3 female) from three fire departments in the southwest United States.

3.2. Anthropometric and Job-Task Performance Measurements

Participants’ anthropometrics and T-CAC performance were measured pre- and post-

intervention during study weeks 4 and 17, respectively. Overall, all participants completed

the pre-intervention anthropometric and T-CAC measurements, while 20 returned for post-

intervention measurements (i.e., attrition rate of 33%). The results from each measurement

occasion are presented in Table 2 below for the full and returning samples.

3.2.1. Group Differences Between Pre- and Post-Testing Samples

Post hoc independent-samples t-tests were performed to identify possible group differ-

ences between participants who were present (n = 20) and absent (n = 10) for anthropometric

and T-CAC post-testing. Group differences were tested for adherence (i.e., total HIFT work-

outs, RES practices, and mental health surveys completed), additional fitness tracking

(i.e., additional workouts, minutes of exercise, and RPE intensity of exercise completed

outside of prescribed HIFT workouts), and mental health outcome variables (i.e., mean

PHQ-9, PCL-C, CD-RISC10, and WEMWBS scores) at post-intervention.
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Table 1. Demographics and other characteristics of study participants (n = 30).

Characteristic n %

Sex
Female 3 10.00
Male 27 90.00

Rank

Firefighter 8 26.66
Engineer 6 20.00
Captain 10 33.33
Battalion Chief 6 20.00

Relationship Status

Single 3 10.00
In a relationship 2 6.66
Married or domestic
partnership

24 80.00

Divorced or separated 1 3.33

Education Level

Some college but no degree 2 6.66
Associate degree 13 43.33
Bachelor degree 13 43.33
Graduate degree 2 6.66

Race

White 27 90.00
Other 1 3.33
Don’t know 1 3.33
Prefer not to say 1 3.33

Ethnicity
Not Hispanic 26 86.66
Hispanic 3 10.00
Prefer not to say 1 3.33

Characteristic M (SD) Range

Age (years) 39.70 (7.71) 23.00–57.00
Years in fire service 15.43 (8.37) 1.00–35.00

Table 2. Participants’ anthropometric and job-task performance measurements.

Pre-Intervention,
Full Sample (n = 30)

Pre-Intervention,
Returning Sample (n = 20)

Post-Intervention,
Returning Sample (n = 20)

Variable M (SD) Range M (SD) Range M (SD) Range

Height (cm) 179.41 (7.68) 160.02–190.50 181.36 (6.61) 170.18–190.50 181.36 (6.61) 170.18–190.50

Weight (kg) 91.09 (12.65) 64.33–120.95 93.33 (10.33) 77.27–120.95 92.61 (9.61) 78.41–115.77

LBM (kg) 71.99 (9.51) 50.44–86.67 74.83 (7.23) 63.15–86.67 74.34 (7.34) 63.24–87.40

BMI (kg·m−2) 28.23 (2.96) 22.48–35.25 28.36 (2.49) 22.48–33.33 28.15 (2.32) 22.81–31.90

%BF 20.76 (5.44) 11.10–31.80 19.57 (5.26) 11.10–31.80 19.56 (4.76) 11.30–29.10

T-CAC (stations) 22.12 (3.83) 15.00–30.00 22.91 (3.40) 16.00–29.33 25.09 (3.94) 17.00–32.47

BMI, body mass index; cm, centimeters; LBM, lean body mass; kg, kilograms; kg·m-2, kilograms per meter
squared; T-CAC, Time-Critical Athlete Challenge; %BF, body fat percentage. T-CAC (stations) reflects the total
number of stations participants completed during the 20 min, 8-station circuit workout.

Overall, there were no significant group differences between those present or absent

for post-testing for demographics (p’s > 0.05); total RES practices completed (p’s > 0.05);

additional fitness tracking (p’s > 0.05); or any mental health outcome variable at any

measurement occasion (p’s > 0.05). However, group differences were identified for total

HIFT workouts completed (t(9.25) = -2.68, p < 0.05). On average, participants absent from

post-testing (M = 24.50, SD = 7.37) performed 7.50 fewer total workouts (SE = 2.80) than

participants present for post-testing (M = 32.00, SD = 4.58). There were 36 total workouts
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prescribed to participants over the intervention period. Levene’s test indicated unequal

variances between groups for this comparison (F(1, 26) = 4.25, p < 0.05), and the t-test

for equal variances not assumed is reported. Significant group differences were observed

for total mental health surveys completed as well. Participants absent from post-testing

(M = 14.40, SD = 1.90) completed an average of 1.50 fewer surveys (SE = 0.61) than present

participants (M = 15.90, SD = 0.45; t(9.50) = −2.47, p < 0.05). There were a total of 16 mental

health surveys sent to participants (i.e., four mental health outcome variables measured

over four occasions) over the full study period. Again, Levene’s test indicated unequal

variances between groups for this comparison (F(1, 28) = 74.14, p < 0.001), and the t-test for

equal variances not assumed is reported.

Ten group comparisons were made in this series of independent-samples t-tests, and

a Bonferroni correction [100] (i.e., α = 0.05/10) yielded a more conservative p-value of

0.005 as a threshold for statistical significance among these tests. Controlling for multiple

comparisons with this value in mind, no statistically significant differences between those

present or absent from post-testing were observed for adherence, additional fitness tracking,

or mental health outcome variables at post-intervention. See Table S1 in Supplementary

Materials for summaries of all tests performed here.

3.3. Intervention Adherence and Additional Fitness Tracking

On average, participants completed 29.86 workouts (SD = 6.38, range = 14.00–36.00)

out of a possible 36 over the intervention period, or 82.94%. Two participants were ex-

cluded from this statistic as they only completed one (2.78%) and seven (19.44%) total

workouts, respectively. Participants also completed an average of 43.03 RES practices

(SD = 5.52, range = 31.00–48.00) out of a possible 48, or 89.65%. One participant was

excluded for only having completed five (10.42%) total RES practices. Combining HIFT

and RES practices, all participants completed an average of 72.10 intervention practices

(SD = 11.16, range = 46.00–84.00) out of a possible 84, or 85.83%. The previous participant

was also excluded from this statistic for only completing six (7.14%) of all intervention

practices. Finally, participants completed an average of 15.40 outcome variable measure-

ments (SD = 1.33, range = 12.00–16.00) out of a possible 16 (i.e., four outcome variable

measurements over four measurement occasions), or 96.25%.

Regarding additional fitness tracking, participants reported an average of 3.25 addi-

tional workouts per week (SD = 1.90, range = 1.00–7.71) beyond those prescribed during

the intervention. Two participants were excluded from this statistic for missing data

and an outlying mean value of 12.38 additional workouts per week, respectively. Mean

additional minutes of weekly exercise was also reported at 238.04 min (SD = 182.95,

range = 60.00–760.00), or about an additional 4 h. This value dropped to 187.78 min

(SD = 107.92, range = 60.00–480.00), or just over an additional 3 h per week, with three

outliers removed (627.50, 633.33, and 760.00 additional min, respectively). Types of addi-

tional exercise varied widely among participants, but broad categories included various

cardiorespiratory activities, resistance training, outdoor activities, mind/body exercises,

and mixed martial arts (see Table S2 in Supplementary Materials for summaries of all

reported exercise types). Participants’ mean intensity of additional weekly exercise was

reported at 13.49 (SD = 2.07, range = 8.33–20.00) out of a possible 20 (i.e., maximal exertion),

as rated on Borg’s 6–20 Rating of Perceived Exertion (RPE) scale [104]. With three outliers

emitted (average workout RPEs of 8.33, 17.50, and 20.00, respectively), this value dropped

only slightly to 13.29 (SD = 1.16, range = 11.16–15.79). Lastly, it should also be noted that

tracking of participants’ usual fitness routines did not occur in the observation period

between study weeks 0 and 4, and a baseline for usual exercise was not established prior to

the start of the intervention period.
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3.4. Mental Health Outcome Mean Values

Mean values for the study’s four outcome variables (i.e., depressive symptoms, PTSSs,

psychological resilience, and mental wellbeing) at each measurement occasion are pre-

sented below in Table 3. Outliers have not been removed from this table in order to

fully characterize the distribution of participants’ scores. Changes over time among these

variables will be described in the coming section.

Table 3. Mean values for outcome variables at each measurement occasion.

Occasion
PHQ-9 PCL-C

M (SD) Range Missing (%) M (SD) Range Missing (%)

Baseline (Week 0) 3.43 (3.22) 0–10 0 (0.00) 32.11 (13.20) 17–66 2 (6.66)

Pre-Intervention (Week 4) 3.77 (3.61) 0–12 0 (0.00) 32.33 (14.28) 17–69 0 (0.00)

Midpoint (Week 11) 2.83 (2.71) 0–11 1 (3.33) 29.31 (13.88) 17–73 1 (3.33)

Post-Intervention (Week 17) 2.93 (4.32) 0–20 3 (10.00) 28.33 (13.47) 17–68 3 (10.00)

Occasion
CD-RISC10 WEMWBS

M (SD) Range Missing (%) M (SD) Range Missing (%)

Baseline (Week 0) 31.31 (5.97) 16–40 1 (3.33) 50.25 (7.93) 31–61 2 (6.66)

Pre-Intervention (Week 4) 30.27 (5.60) 16–39 0 (0.00) 50.37 (9.20) 30–68 0 (0.00)

Midpoint (Week 11) 31.00 (5.25) 23–40 1 (3.33) 50.48 (7.61) 33–70 1 (3.33)

Post-Intervention (Week 17) 32.04 (5.73) 19–40 3 (10.00) 52.81 (9.74) 33–70 4 (13.33)

CD-RISC10, 10-item Connor–Davidson Resilience Scale; PCL-C, PTSD Checklist, Civilian version; PHQ-9, 9-item
Patient Health Questionnaire; WEMWBS, Warwick–Edinburgh Mental Wellbeing Scale.

3.5. Repeated-Measures T-Tests and Effect Sizes

Repeated-measures t-test results are presented in Table 4 (mental health outcomes

between baseline and pre-intervention), Table 5 (anthropometrics and job-task performance

variables between pre- and post-intervention), and Table 6 (mental health outcomes be-

tween pre- and post-intervention) below. Effect sizes are presented above as Hedges’ g

values. This measure of effect size was chosen due to its correction factor that accounts

for upward-biased estimates (i.e., as observed with Cohen’s d) [105], especially in smaller

sample sizes [93,106].

Table 4. Repeated-measures t-test results for mental health outcome variables between baseline and

pre-intervention (study weeks 0 to 4).

Hedges’ g

Outcome M Diff. (SD) 95% CI t p a Missing (%) Point Estimate 95% CI

PHQ-9 0.33 (2.48) [−0.59, 1.26] 0.74 0.47 0 (0.00) 0.13 [−0.22, 0.49]
PCL-C 0.89 (5.51) [−1.24, 3.03] 0.86 0.40 2 (6.66) 0.16 [−0.21, 0.53]
CD-RISC10 −1.00 (3.32) [−2.26, 0.26] −1.62 0.12 1 (3.33) −0.30 [−0.66, 0.07]
WEMWBS −0.46 (4.54) [−2.23, 1.30] −0.54 0.59 2 (6.66) −0.10 [−0.47, 0.27]

CD-RISC10, 10-item Connor–Davidson Resilience Scale; M diff., mean difference; PCL-C, PTSD Checklist, Civilian
version; p, p-value; PHQ-9, 9-item Patient Health Questionnaire; t, t-value; WEMWBS, Warwick–Edinburgh
Mental Wellbeing Scale; 95% CI, 95% confidence interval. All p-values presented above are two-tailed. a Raw
p-values are presented in this column for each repeated-measures t-test. However, a Bonferroni correction for
the four comparisons above yields a more conservative p-value of 0.013. Comparisons between means should be
weighed against this value.
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Table 5. Repeated-measures t-test results for all anthropometric and job-task performance variables

between pre- and post-intervention (study weeks 4 to 17).

Hedges’ g

Variable M Diff. (SD) 95% CI t p a Missing (%) Point Estimate 95% CI

BW (kg) −0.72 (2.14) [−1.72, 0.29] −1.50 0.15 10 (33.33) −0.32 [−0.75, 0.12]
LBM (kg) −0.48 (2.05) [−1.44, 0.48] −1.06 0.30 10 (33.33) −0.23 [−0.65, 0.20]

BMI (kg·m−2) −0.21 (0.63) [−0.51, 0.08] −1.51 0.15 10 (33.33) −0.32 [−0.75, 0.11]
%BF −0.02 (1.50) [−0.72, 0.69] −0.05 0.97 10 (33.33) −0.01 [−0.43, 0.41]
T-CAC (stations) 2.18 (1.51) [1.47, 2.88] 6.46 <0.001 10 (33.33) 1.42 [0.79, 2.03]

BMI, body mass index; BW, bodyweight; LBM, lean body mass; lbs., pounds; kg·m−2, kilograms per meter
squared; M diff., mean difference; p, p-value; t, t-value; T-CAC, Time-Critical Athlete Challenge; 95% CI, 95%
confidence interval; %BF, body fat percentage. T-CAC (stations) reflects the total number of stations participants
completed during the 20 min, 8-station circuit workout. All p-values presented above are two-tailed. a Raw
p-values are presented in this column for each repeated-measures t-test. However, a Bonferroni correction for
the five comparisons above yields a more conservative p-value of 0.01. Comparisons between means should be
weighed against this value.

Table 6. Repeated-measures t-test results for all mental health outcome variables between pre- and

post-intervention (study weeks 4 to 17).

Hedges’ g

Variable M Diff. (SD) 95% CI t p a Missing (%) Point Estimate 95% CI

PHQ-9 −0.93 (2.90) [−2.07, 0.22] −1.66 0.11 3 (10.00) −0.32 [−0.69, 0.07]
PCL-C −5.00 (7.40) [−7.93, −2.07] −3.51 0.002 3 (10.00) −0.67 [−1.07, −0.25]
CD-RISC10 2.19 (4.52) [0.40, 3.97] 2.51 0.02 3 (10.00) 0.48 [0.08, 0.87]
WEMWBS 2.39 (7.10) [−0.48, 5.25] 1.71 0.10 4 (13.33) 0.33 [−0.06, 0.72]

CD-RISC10, 10-item Connor–Davidson Resilience Scale; M diff., mean difference; p, p-value; PCL-C, PTSD Check-
list, Civilian version; PHQ-9, 9-item Patient Health Questionnaire; t, t-value; WEMWBS, Warwick–Edinburgh
Mental Wellbeing Scale; 95% CI, 95% confidence interval. All p-values presented above are two-tailed. a Raw
p-values are presented in this column for each repeated-measures t-test. However, a Bonferroni correction for
the four comparisons above yields a more conservative p-value of 0.013. Comparisons between means should be
weighed against this value.

Overall, no significant mean differences were observed for any mental health outcome

variable between baseline and pre-intervention measurements (p’s > 0.05). This finding also

stands when comparing mean differences against a Bonferroni corrected p-value of 0.013

for the four comparisons above. No anthropometrics or physical performance variables are

presented above as these measurements had not taken place yet.

Significant mean differences between pre- (M = 22.91, SD = 3.40) and post-intervention

(M = 25.09, SD = 3.94) were observed for number of stations completed during the T-

CAC workout. Specifically, participants completed an additional 2.18 stations (SD = 1.51;

t(19) = 6.46, p < 0.001) on average during the post-intervention T-CAC workout. This mean

difference also remains statistically significant when controlling for multiple comparisons

using a Bonferroni-corrected p-value of 0.01. Correspondingly, Hedges’ g effect size was

also statistically significant for additional T-CAC stations completed. The effect size for

change in T-CAC stations completed between pre- and post-intervention can be interpreted

as a large effect, and mean difference of 1.42 SD. No other significant mean differences

were observed for anthropometric or job-task performance outcomes between study weeks

4 and 17 (p’s > 0.05).

Significant mean differences between pre- and post-intervention were also observed

for PTSS severity and psychological resilience. PCL-C scores decreased by 5.00 points

on average between pre- (M = 33.33, SD = 14.46) and post-intervention measurements

(M = 28.33, SD = 13.47; t(26) = −3.51, p = 0.002), matching the minimum threshold for

reliable change in symptoms and treatment response (i.e., a change of 5.00 points) [107].

Hedges’ g effect sizes were also statistically significant for the reduction in PCL-C scores at



Int. J. Environ. Res. Public Health 2025, 22, 1227 15 of 33

post-intervention and can be interpreted as a medium-to-large effect. Finally, participants’

CD-RISC10 scores increased by an average of 2.19 points between pre- and post-intervention

(t(26) = 2.51, p = 0.02) from 29.85 (SD = 5.70) to 32.04 (SD = 5.73). The corresponding Hedges’

g effect size was 0.47 (95% CI [0.08, 0.85]), which falls just short of the medium-sized effect

threshold of 0.50. Only the mean difference in PCL-C scores remains statistically significant

when the Bonferroni-corrected p-value of 0.013 is utilized. No other significant mean

differences were observed for anthropometric or outcome variables between study weeks 4

and 17 (p’s > 0.05).

3.6. Multilevel Modeling Results

Intraclass correlation coefficients (ICCs) were first calculated to observe the partition-

ing of variance across the four mental health outcomes at model levels 1 and 2. The ICC for

depressive symptoms was calculated at 0.70, indicating that 70% of total outcome variance

over time can be attributed to between-person constant mean differences of the random

intercept at level 2 (i.e., differences in symptoms between participants), while 30% is due to

remaining within-person variation around participants’ mean values (i.e., within-person

variance of residuals) at level 1 [103]. Correspondingly, the ICCs for PTSSs, psycholog-

ical resilience, and mental wellbeing were 0.84, 0.73, and 0.74, respectively. Therefore,

the majority of outcome variation for all four mental health outcomes can be ascribed to

cross-sectional differences between persons at level 2, rather than change over time within

persons at each measurement occasion [103].

3.6.1. Main Effects of Demographics on Mental Health Outcomes

Main effects were estimated for demographic variables and mean-centered baseline

scores for all mental health outcomes centered at the pre-intervention measurement (week 4)

and are presented in Table S3 (depressive symptoms), S4 (PTSSs), S5 (psychological re-

silience), and S6 (mental wellbeing) in Supplementary Materials. Subsequent conditional

models retained mean-centered baseline scores as covariates due to statistically signifi-

cant Wald tests for each fixed effect, namely PHQ-9 (F(1, 28) = 38.78, p < 0.001), PCL-C

(F(1, 26) = 165.84, p < 0.001), CD-RISC10 (F(1, 27) = 56.38, p < 0.001), and WEMWBS

(F(1, 26) = 47.30, p < 0.001) baseline scores.

For depressive symptom severity, participants’ grand mean PHQ-9 score at pre-

intervention was 3.12 (SE = 0.58, t = 5.39, p < 0.001) as indicated by the unconditional model

for the means (Model 1), with scores corresponding with “minimal” depression [108]. After

accounting for growth, the unconditional growth model (Model 2) reported a mean PHQ-9

score (i.e., intercept) of 3.63 (SE = 0.63, t = 5.74, p < 0.001) at the start of the intervention and

an average decline of 0.08 points per week over the intervention period (SE = 0.04, t = −2.02,

p = 0.048). The conditional growth model (Model 3) indicated a significant positive fixed

effect of mean-centered baseline PHQ-9 score (B = 0.76, SE = 0.12, t = 6.28, p < 0.001) that

was retained in all successive models. This positive fixed effect can be interpreted as partic-

ipants with higher baseline PHQ-9 scores also displaying higher scores at pre-intervention,

on average. However, growth (i.e., change over time) was not statistically significant in

Models 4–7 and 9 (p’s > 0.05). Predictors in these models for AgeMC (p = 0.40), education

(p = 0.94), rank (p = 0.10), years of serviceMC (p = 0.18), and relationship status (p = 0.72;

i.e., Models 4–7 and 9, respectively) also did not significantly affect participants’ PHQ-9

scores. In Models 8 and 10, weekly decline in PHQ-9 score was statistically significant

when controlling for participants’ race/ethnicity (B = −0.07, SE = 0.04, t = −2.01, p = 0.049)

and sex (B = −0.07, SE = 0.04, t = −2.01, p = 0.049), respectively, although the fixed effects

of race/ethnicity (F(1, 27) = 0.08, p = 0.78) and sex (F(1, 27) = 0.39, p = 0.54) were not

statistically significant in and of themselves. In summary, depressive symptoms over the
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intervention period were unaffected by participants’ demographics, and change in PHQ-9

scores was not statistically significant overall (p’s > 0.05).

Concerning PTSS severity, participants’ grand mean PCL-C score at pre-intervention

was 29.76 (SE = 2.36, t = 12.60, p < 0.001) according to the unconditional model for the

means (Model 1). For reference, a PCL-C score of 44 relates to the highest diagnostic

efficiency for probable PTSD diagnosis [76]. Significant weekly change over time in PCL-C

score (B = −0.35, SE = 0.10, t = −3.61, p < 0.001) was also indicated by the unconditional

growth model (Model 2), as well as a mean score of 32.12 (SE = 2.46, t = 13.08, p < 0.001) at

pre-intervention. That is, on average, PCL-C scores decreased by 0.35 points per week over

the intervention period. Significant change in PCL-C score over time (B = −0.34, SE = 0.10,

t = −3.26, p = 0.002) was also observed when accounting for baseline PCL-C scores (B = 0.94,

SE = 0.07, t = 13.15, p < 0.001) in Model 3, as well as all other models. This positive fixed

effect also signifies that higher PCL-C scores at baseline are related to higher scores at

pre-intervention, on average. While no other demographic fixed effects were statistically

significant by themselves (AgeMC [p = 0.87], education [p = 0.75], rank [p = 0.69], years

of serviceMC [p = 0.80], race/ethnicity [p = 0.62], relationship status [p = 0.71], and sex

[p = 0.11] in Models 4–10, respectively), growth remained significant (p < 0.01) across all

models for PTSS severity centered at pre-intervention. Therefore, participants’ demograph-

ics had no effect on PTSS severity over the intervention period, but PCL-C scores were

shown to decrease modestly week by week (p’s < 0.01).

Regarding psychological resilience, participants’ grand mean CD-RISC10 score for

psychological resilience at pre-intervention was 31.18 (SE = 0.90, t = 34.53, p < 0.001) accord-

ing to Model 1. Model 2 also indicated significant change in participants’ psychological

resilience over time (B = 0.14, SE = 0.05, t = 2.74, p = 0.008), with a mean score of 30.20

(SE = 0.97, t = 31.08, p < 0.001) at pre-intervention. In other words, CD-RISC10 scores

increased by an average of 0.14 points per week during the intervention period. Growth

also remained statistically significant (B = 0.14, SE = 0.05, t = 2.63, p = 0.01) with the addition

of baseline CD-RISC10 scores (B = 0.70, SE = 0.09, t = 7.64, p < 0.001) as a covariate in

Model 3. Again, it can be said that higher CD-RISC10 scores at baseline corresponded

with higher scores at pre-intervention, on average, as well. Congruent with models for

PTSSs, no other demographic fixed effects were statistically significant (AgeMC [p = 0.91],

education [p = 0.51], rank [p = 0.55], years of serviceMC [p = 0.54], race/ethnicity [p = 0.85],

relationship status [p = 0.13], and sex [p = 0.69]), but growth remained significant (p < 0.05)

for all remaining models. That is, demographics had no effect on participants’ psychologi-

cal resilience over the intervention period, but CD-RISC10 scores were shown to increase

slightly week by week (p’s < 0.05).

Lastly, for mental wellbeing, participants’ grand mean WEMWBS score at pre-

intervention was 51.24 (SE = 1.48, t = 34.66, p < 0.001) according to Model 1. The un-

conditional growth model (Model 2) indicated no significant change in WEMWBS score

over time (B = 0.16, SE = 0.09, t = 1.77, p = 0.08) and reported a mean WEMWBS score

of 50.19 (SE = 1.59, t = 31.54, p < 0.001) at pre-intervention. However, the addition of

mean-centered baseline WEMWBS scores (B = 0.83, SE = 0.12, t = 6.88, p < 0.001) as a

covariate in Model 3 did result in a statistically significant fixed effect for growth (B = 0.21,

SE = 0.09, t = 2.40, p = 0.02). Growth remained statistically significant (p < 0.05) in Models

4–10 for mental wellbeing at pre-intervention, even though previous t-test results indicated

no significant mean difference in WEMWBS scores between pre- and post-intervention

(t(25) = 1.71, p > 0.05). The positive fixed effect of baseline scores also signifies the rela-

tionship between baseline and pre-intervention scores, in that higher scores at baseline are

related to higher scores at pre-intervention as well, on average.
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Main effects for participants’ fire department rank (F(1, 25) = 6.24, p = 0.02) and

centered years of service (F(1, 25) = 5.30, p = 0.03) were significant predictors of mental

wellbeing at pre-intervention. For rank, those ranked either Captain or Battalion Chief (53%

of the sample) with average mental wellbeing at baseline saw a small increase in WEMWBS

scores of 0.21 points per week (SE = 0.09, t = 7.11, p < 0.001) during the intervention period.

However, increasing rank from Firefighter or Engineer to Captain or Battalion Chief was re-

lated to lower mental wellbeing overall (B = −4.32, SE = 1.73, t = −2.50, p = 0.02). This mean

difference exceeds the minimum value of three points for clinical change (i.e., improvement

or decline) for mental wellbeing as measured by the WEMWBS [88]. Similar results were

observed for mean-centered years of service, in that an increase in years employed in the

fire service was related to slightly decreased mental wellbeing as well (B = −0.25, SE = 0.11,

t = −2.30, p = 0.03). However, growth remained statistically significant when accounting

for participants’ rank (B = 0.21, SE = 0.09, t = 2.44, p = 0.02) and years of service (B = 0.21,

SE = 0.09, t = 2.40, p = 0.02). There were no other significant demographic fixed effects

on mental wellbeing (AgeMC [p = 0.51], education [p = 0.86], race/ethnicity [p = 0.89],

relationship status [p = 0.43], and sex [p = 0.69]).

3.6.2. Main Effects of Intervention Adherence and Additional Fitness Tracking on
Anthropometrics and Job-Task Performance

Next, effects of intervention adherence and additional fitness tracking were assessed

on anthropometrics (i.e., bodyweight [BW], lean body mass [LBM], body mass index [BMI],

and percent body fat [%BF]) and job-task performance (i.e., Time-Critical Athlete Challenge

[T-CAC] stations completed). Unlike previous MLMs, all conditional models excluded

mean-centered pre-intervention values as covariates. Results are presented in Tables S7

(BW), S8 (LBM), S9 (BMI), S10 (%BF), and S11 (T-CAC) in Supplementary Materials.

Concerning BW (kg), the unconditional mean model (Model 1) indicated participants’

grand mean value was 90.87 kg (SE = 2.22, t = 40.94, p < 0.001) at pre-intervention. The

addition of growth in Model 2 was not statistically significant (B = −0.05, SE = 0.04,

t = −1.48, p = 0.16), indicating no change over time for participants’ BW. Growth remained

nonsignificant (p‘s > 0.05) in all remaining models (3–11), as well as all other predictors

for intervention adherence and additional fitness tracking (p’s > 0.05). These results echo

previously mentioned repeated-measures t-test results (t(19) = 1.50, p > 0.05), indicating no

significant change over time in participants’ BW between pre- and post-intervention.

For LBM (kg), Model 1 reported a grand mean value of 71.85 kg (SE = 1.69, t = 42.45,

p < 0.001) at pre-intervention. The unconditional growth model (Model 2) indicated no

significant change in LBM over time (B = −0.03, SE = 0.04, t = −0.96, p = 0.35), echoing

the corresponding repeated-measures t-test result (t(19) = 1.06, p > 0.05) for this variable.

No significant change over time in participants’ LBM was observed between pre- and

post-intervention. However, significant predictors were observed in Models 5, 8, 10, and

11. In Model 5, combined adherenceSTD (F(1, 24) = 6.42, p = 0.02) and the combined

adherenceSTD × growth interaction (F(1, 18) = 4.43, p = 0.049) significantly predicted LBM

at pre-intervention when controlling for mean-centered additional workouts, additional

minutes of exercise, and RPE of additional exercise per week. That is, those who displayed

increased combined HIFT and RES adherence over the intervention period tended to have

more LBM at pre-intervention on average (B = 6.32, SE = 2.49, t = 2.53, p = 0.02), but this

nonsignificant change in LBM (growth: F(1, 18) = 0.13, p = 0.72) associated with increased

combined adherenceSTD decreased, on average, over time (B = −0.13, SE = 0.06, t = −2.10,

p = 0.049).

In Model 8, HIFT adherenceSTD significantly predicted LBM at pre-intervention

(F(1, 24) = 5.03, p = 0.03) when controlling for additional fitness tracking, in that those

with increased HIFT adherence over the intervention period tended to also have more
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LBM at pre-intervention on average (B = 4.52, SE = 2.02, t = 2.24, p = 0.03). Lastly, the RES

adherenceSTD × growth interaction was significant in Models 10 (F(1, 18) = 5.37, p = 0.03)

and 11 (F(1, 18, 5.71, p = 0.03). However, both RES adherenceSTD (Model 10: F(1, 28) = 1.33,

p = 0.26; Model 11: F(1, 24) = 3.27, p = 0.08) and growth (Model 10: F(1, 18) = 0.00, p = 0.98;

Model 11: F(1, 18) = 0.00, p = 0.96) were not statistically significant in either model. No

other predictors were statistically significant (p’s > 0.05) in any other model for LBM.

Regarding participants’ BMI (kg·m−2), Model 1 indicated a grand mean value of 28.16

(SE = 0.52, t = 54.16, p < 0.001) at pre-intervention. Growth was not statistically significant

in Model 2 (B = −0.02, SE = 0.01, t = −1.54, p = 0.14), reiterating the associated repeated-

measures t-test result (t(19) = −1.51, p > 0.05). No significant change was observed in

BMI between pre- and post-intervention. Further, no other predictors produced significant

effects on BMI (p’s > 0.05).

For %BF, Model 1 relayed a sample grand mean of 20.74% (SE = 0.94, t = 22.01,

p < 0.001) at pre-intervention. The addition of growth in Model 2 was also not statistically

significant (B = −0.004, SE = 0.03, t = −0.17, p = 0.87), indicating no change in %BF over the

intervention period. This result paralleled the associated repeated-measures t-test for %BF

(t(19) = −0.05, p > 0.05) as well. Like BMI, no other predictors produced significant effects

on participants’ %BF over the intervention period (p’s > 0.05).

Finally, for T-CAC stations completed, participants’ grand mean value at pre-

intervention was 22.93 (SE = 0.73, t = 31.24, p < 0.001) according to Model 1. For reference,

the T-CAC was used as the simulated job-task performance test in this study. The T-CAC

consisted of eight stations and lasted 20 min, wherein participants completed as many sta-

tions as possible before the time limit elapsed. Growth was statistically significant in Model

2 (F(1, 19) = 49.71, p < 0.001), indicating an average increase of 0.18 stations completed

(SE = 0.03, t = 7.05, p < 0.001) per week over the intervention period. The proprietary nature

of this test makes it difficult to assess the “real-world” significance of this difference, but

participants performed the T-CAC with maximal effort and treated it as a graded CPAT-like

test. Growth remained statistically significant in all other models (p’s < 0.001), indicat-

ing significant change over time in parallel with the associated repeated-measures t-test

(t(19) = 6.46, p < 0.001). Additionally, significant main effects were observed for combined

adherenceSTD in Models 3 and 4, as well as for HIFT adherenceSTD in Models 6–8.

Combined adherenceSTD significantly predicted T-CAC performance at pre-intervention

in Model 3 (F(1, 28) = 7.25, p = 0.01), indicating that those with increased HIFT and RES

adherence over the intervention period tended to also complete more T-CAC stations at

pre-intervention, on average (B = 1.75, SE = 0.65, t = 2.69, p = 0.01). The same can be said

of combined adherenceSTD (F(1, 28) = 7.65, p = 0.01; B = 1.80, SE = 0.65, t = 2.77, p = 0.01)

when controlling for the nonsignificant combined adherenceSTD × growth interaction

(p = 0.44) in Model 4. Similarly, HIFT adherenceSTD significantly predicted participants’

T-CAC performance at pre-intervention, in that those with increased HIFT adherence over

the intervention period also tended to complete more stations on the pre-intervention

T-CAC test, on average. This was observed in Model 6 (F(1, 28) = 8.76, p = 0.006; B = 1.89,

SE = 0.64, t = 2.96, p = 0.006); in Model 7 (F(1, 28) = 9.50, p = 0.005; B = 1.96, SE = 0.64,

t = 3.08, p = 0.005) when controlling for the nonsignificant HIFT adherenceSTD × growth

interaction (p = 19); and in Model 8 (F(1, 24) = 5.25, p = 0.03; B = 1.81, SE = 0.79, t = 2.29,

p = 0.03) when controlling for the nonsignificant HIFT adherenceSTD × growth interaction

(p = 18), as well as mean-centered additional workouts (p = 0.77), additional minutes of

exercise (p = 0.20), and RPE of additional exercise (p = 0.76) per week over the intervention

period. No other predictors were statistically significant in any other model (p’s > 0.05) for

T-CAC performance.
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3.6.3. Main Effects of Intervention Adherence and Additional Fitness Tracking on Mental
Health Outcomes

Finally, effects of intervention adherence and additional fitness tracking were assessed

on mental health outcomes centered at the pre-intervention measurement (week 4) and are

presented in Tables S12 (depressive symptoms), S13 (PTSSs), S14 (psychological resilience),

and S15 (mental wellbeing) in Supplementary Materials. All conditional models retained

mean-centered baseline scores as covariates due to statistically significant Wald tests for

each fixed effect, namely mean-centered baseline PHQ-9 scores (F(1, 28) = 38.78, p < 0.001),

PCL-C scores (F(1, 26) = 165.84, p < 0.001), CD-RISC10 scores (F(1, 27) = 59.45, p < 0.001),

and WEMWBS scores (F(1, 26) = 47.30, p < 0.001).

For depressive symptoms, participants’ grand mean PHQ-9 score at pre-intervention

was 3.12 (SE = 0.58, t = 5.39, p < 0.001) as indicated by Model 1. Similar to previous models,

this value corresponds with “minimal” depression according to the PHQ-9 [108]. With

the inclusion of growth in Model 2, participants’ mean PHQ-9 score at pre-intervention

increased to 3.62 (SE = 0.63, t = 5.70, p < 0.001). Growth was not statistically significant

in this model, however (p = 0.07). Model 3 indicated a significant positive fixed effect

of mean-centered baseline PHQ-9 score (F(1, 28) = 38.78, p < 0.001; B = 0.76, SE = 0.12,

t = 6.22, p < 0.001) that was retained in all successive models. Growth was not statistically

significant in Models 3–11, though (p’s > 0.05). Of these 12 models, the lone significant

predictor was HIFT adherenceSTD (F(1, 27) = 6.48, p = 0.02) in Model 7, which controlled for

the main effects of baseline PHQ-9 score (B = 0.77, SE = 0.11, t = 6.97, p < 0.001) and HIFT

adherenceSTD (B = −0.92, SE = 0.36, t = −2.55, p = 0.02). The intercept in Model 7 was also

statistically significant (Y = 3.63, SE = 0.43, t = 8.44, p < 0.001), but growth was not (p = 0.07).

The significant predictor weight for HIFT adherenceSTD indicates that those who

displayed increased adherence to HIFT workouts over the intervention period tended to

report lower PHQ-9 scores at pre-intervention, when also controlling for baseline scores.

Lastly, growth was significant (F(1, 52) = 5.15, p = 0.03) in Model 12, which controlled

for baseline score (F(1, 23) = 43.07, p < 0.001), RES adherenceSTD (p = 0.67), the RES

adherenceSTD × growth interaction (p = 0.21), additional workoutsMC (p = 0.12), additional

minutes of exerciseMC (p = 0.83), and RPE of additional workoutsMC (p = 0.48). The intercept

for this model was also significant at 3.71 (SE = 0.47, t = 7.97, p < 0.001). That is, PHQ-9

scores decreased by an average of 0.09 points (SE = 0.77, t = −2.27, p = 0.03) per week

throughout the intervention period when controlling for the aforementioned covariates in

Model 12. Overall, no significant change was observed in depressive symptoms over the

intervention period, and PHQ-9 scores were only affected by HIFT adherence.

Next, Model 1 concerning PTSSs indicated a grand mean PCL-C value of 29.76 at

pre-intervention (SE = 2.36, t = 12.60, p < 0.001). The addition of growth in Model 2 was

also significant (F(1, 54) = 11.13, p = 0.002), indicating an average decline in PCL-C scores of

0.32 points (SE = 0.10, t = −3.34, p = 0.002) per week over the intervention period. Baseline

PCL-C scores were also a significant predictor (F(1, 26) = 165.84, p < 0.001) in Model 3,

alongside growth (F(1, 50) = 9.45, p = 0.003). The mean decline in PCL-C scores per week

remained at 0.32 points (SE = 0.10, t = −3.07, p = 0.003) in Model 3, and higher baseline

scores coincided with higher scores at pre-intervention, on average. In all remaining models

(4–11), only the model intercepts, mean-centered baseline scores, and growth remained

statistically significant at p < 0.05. There were no significant fixed effects (p’s > 0.05) for

any intervention adherence components (combined adherenceSTD, HIFT adherenceSTD,

and RES adherenceSTD), their interactions with growth, or additional fitness tracking

variables (additional workoutsMC, additional minutes of exerciseMC, and RPE of additional

workoutsMC) on PTSSs when centered at pre-intervention. The models suggest that, while
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participants’ PTSS severity declined week by week on average over the intervention period,

adherence to HIFT workouts and RES practices had little to no effect on symptoms overall.

For psychological resilience, Model 1 indicated a grand mean CD-RISC10 score of 31.18

(SE = 0.90, t = 34.53, p < 0.001) at pre-intervention. The addition of growth in Model 2 was

statistically significant (F(1, 54) = 6.01, p = 0.02), indicating that CD-RISC10 scores increased

an average of 0.13 points (SE = 0.05, t = 2.45, p = 0.02) each week over the intervention

period. Growth remained statistically significant (p = 0.02) in Model 3, which controlled for

participants’ baseline CD-RISC10 scores (F(1, 27) = 56.38, p < 0.001). Higher baseline scores

were related to higher scores at pre-intervention as well, according to Model 3 (B = 0.70,

SE = 0.09, t = 7.51, p < 0.001). Growth (p’s < 0.05) and baseline scores (p’s < 0.001) remained

the only statistically significant predictors in all other models for psychological resilience,

implying significant change over time but little influence of intervention adherence or

additional fitness tracking variables on this outcome.

Finally, for mental wellbeing, Model 1 indicated a grand mean WEMWBS value of

51.24 at pre-intervention (SE = 1.48, t = 34.66, p < 0.001). The addition of growth in Model 2

was not significant (F(1, 54) = 3.13, p = 0.08). Baseline WEMWBS scores were a significant

predictor (F(1, 26) = 47.30, p < 0.001; B = 0.83, SE = 0.12, t = 6.88, p < 0.001) in Model 3, as well

as growth (F(1, 50) = 5.77, p = 0.02). According to this model, participants’ WEMWBS scores

increased an average of 0.21 points (SE = 0.09, t = 2.40, p = 0.02) over the intervention period,

and higher baseline scores coincided with higher scores at pre-intervention, on average,

as well. Growth remained statistically significant (p’s < 0.05) in remaining Models 4–12

when controlling for significant baseline scores (p’s < 0.001), but no significant fixed effects

were observed for intervention components, their interactions with growth, or additional

fitness tracking variables on participants’ mental wellbeing (p’s > 0.05). Given the lack of

omnibus change in Model 2 and the associated WEMWBS repeated-measures t-test result

(t(25) = 1.71, p > 0.05), change over time in mental wellbeing from pre- to post-intervention

was not observed in this sample.

3.7. Mental Health Outcome Measurement Distributions

Boxplots for each mental health variable were plotted to better visualize possible

changes in outcome measurement distributions over the study period. Reference values for

each variable are also provided below to better characterize participants’ symptom severity

and mental health ratings over time. Distribution of depressive symptoms can be viewed

in Figure 2 below.

With outliers removed (n = 2), participants’ mean PHQ-9 score at the midpoint mea-

surement occasion decreased from 2.83 (SD = 2.71, range = 0.00–11.00) to 2.30 (SD = 1.90,

range = 0.00–7.00). Similarly, participants’ mean PHQ-9 score at the post-intervention mea-

surement occasion decreased from 2.93 (SD = 4.32, range = 0.00–20.00) to 1.63 (SD = 1.41,

range = 0.00–5.00) with outliers removed (n = 3). Next, the distribution of PTSS severity

over the study period is displayed in Figure 3 below.

With the single outlier removed from the midpoint measurement occasion, par-

ticipants’ mean PCL-C score decreased from 31.00 (SD = 5.25, range = 17.00–23.00) to

27.75 (SD = 11.24, range = 17.00–54.00). Further, participants’ mean PCL-C score at post-

intervention with outliers removed (n = 2) decreased from 28.33 (SD = 13.47, range

17.00–68.00) to 25.56 (SD = 9.30, range = 17.00–45.00). The distribution of psychological

resilience over the study period is portrayed next in Figure 4 below.

With two outliers (both scores of 16.00) removed at the pre-intervention measurement

occasion, participants’ mean CD-RISC10 score increased slightly from 30.27 (SD = 5.60,

range = 16.00–39.00) to 31.29 (SD = 4.19, range = 26.00–39.00). Lastly, the distribution of

mental wellbeing over the study period is presented last in Figure 5 below.
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Figure 2. Boxplot of depressive symptoms (i.e., PHQ-9 scores) over the study period. Scores can range

from 0 to 27. A cutoff score of 15 (dashed line) represents a likely threshold of major depression [75]

(p. 611) and is marked above. Circles above represent mild outliers with values at least 1.5× the

interquartile range below the first quartile or above the third quartile. Stars above represent extreme

outliers with values at least 3.0× the interquartile range below the first quartile or above the third quartile.

Figure 3. Boxplot of post-traumatic stress symptom severity (i.e., PCL-C scores) over the study

period. Scores can range from 17 to 85. A score of 44 (dashed line) is a likely threshold of diagnosable

PTSD [76] (p. 672) and is marked above. Circles above represent mild outliers with values at least

1.5× the interquartile range below the first quartile or above the third quartile.
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Figure 4. Boxplot of psychological resilience (i.e., CD-RISC10 scores) over the study period. Scores

can range from 0 to 40. Circles above represent mild outliers with values at least 1.5× the interquartile

range below the first quartile or above the third quartile.

Figure 5. Boxplot of mental wellbeing (i.e., WEMWBS scores) over the study period. Scores can range

from 14 to 70. Circles above represent mild outliers with values at least 1.5× the interquartile range

below the first quartile or above the third quartile.
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With outliers removed (n = 2), participants’ mean WEMWBS score at midpoint

decreased slightly from 50.48 (SD = 7.61, range = 33.00–77.00) to 50.41 (SD = 5.99,

range = 40.00–65.00).

3.8. Post Hoc Sample Size and Power Analyses Results

For detecting change in depressive symptoms between pre- and post-intervention,

given a sample size of 27 pairs (i.e., the number of participants that provided data at both

occasions), two-tailed α = 0.05, and Hedges’ g effect size of −0.32, achieved power was

0.36, far from the standard of 0.80. The minimum sample size required to detect this effect

was 79 pairs for a power of 0.80. Next, for detecting change in PTSSs between pre- and

post-intervention (n = 27, two-tailed α = 0.05, Hedges’ g = −0.68), achieved power was 0.92.

For an effect of this size, only 20 pairs were needed. Concerning changes in psychological

resilience (n = 27, two-tailed α = 0.05, Hedges’ g = 0.48), achieved power fell short at 0.68.

Here, G*Power indicated that a minimum sample size of 36 pairs was necessary to achieve

a power of 0.80. Finally, for changes in participants’ mental wellbeing (n = 26, two-tailed

α = 0.05, effect size = 0.34), achieved power also fell short at 0.38. The minimum sample

size for a power of 0.80 was found to be 72 pairs to detect an effect of this size. Therefore,

if judging purely by repeated-measures t-tests as indicators of omnibus change over the

intervention period, at least 80 complete pairs of participant data would have been required

to adequately identify significant mean differences in the current study.

4. Discussion

The purpose of this study was to investigate the impact of an occupationally-tailored,

two-part intervention on mental health among career firefighters. The intervention com-

bined both RES and HIFT to improve measures of mental health symptoms (i.e., depressive

symptoms and PTSSs) and positive mental health (i.e., psychological resilience and men-

tal wellbeing).

To better characterize the distribution of participants’ scores for depressive symptoms

and PTSSs, one potential case (i.e., 3.33% of the sample) of major depression was observed

at post-intervention with a PHQ-9 score of 20. Here, Spitzer et al. present a cutoff score

of 15 as a likely threshold for major depression [75] (p. 611). For PTSS severity, Blanchard

et al. regard a score of 44 as the value corresponding with the highest diagnostic efficiency

for probable PTSD diagnosis [76] (p. 672). Seven participants (i.e., 23.33%) exceeded

this threshold at baseline, six (i.e., 20%) exceeded this threshold at pre-intervention, five

(i.e., 16.67%) met or exceeded this threshold at mid-intervention, and five (i.e., 16.67%) met

or exceeded this threshold at post-intervention. Despite the sub-clinical focus of this study,

all participants were provided with fire-department-specific mental health resources, as

well as those at larger county, state, and national levels at all measurement occasions.

Regarding the significant increase in T-CAC stations completed at post-intervention,

it could be postulated that the intervention was successful given the high percentage of

adherence to HIFT workouts (over 80%). Another explanation could be that participants

adjusted their exercise habits over the intervention period to improve their overall fitness

and, ultimately, their post-intervention T-CAC performance. This result was implied in

a previous study of career firefighters in which both experimental and control groups

saw significantly improved performance on a modified CPAT when evaluated three times

over a 14-week period [43]. Additionally, it is possible that participants improved T-CAC

stations completed at post-intervention due to familiarization with the testing format

as well, as was suggested by Hollerbach et al. [69] in a similar intervention. It is also

possible that the requirement to undergo T-CAC post-testing also contributed to attrition at

post-intervention. To this end, the lack of change in anthropometric measurements might
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also be attributed to the loss to follow-up of 10 participants, or 33.33% of the sample, at

post-intervention.

Corthésy-Blondin et al. attribute attrition rates in excess of 30% to work schedule

conflicts, deviation from standard procedures, and stigmas surrounding mental health

among public safety personnel [109]. In addition, when designing behavioral health

interventions for firefighters, Jahnke et al. [110] state that firefighters prefer interventions

that interact with and are embedded in existing organizational contexts and cultures,

rather than interventions that parallel or are separate from daily operations. Authors

also elaborate that “the importation of specific interventions may disrupt the normal flow

of these interactions” [110] (p. 122) and can ultimately be perceived as cumbersome by

participants [111]. It is probable that aspects of the current intervention, despite their best

intentions, could have been perceived in this way (e.g., 16 total mental health outcome

measurements, pre- and post-intervention anthropometric and performance testing, seven

total intervention protocols to complete weekly during the intervention, and weekly HIFT

and RES ratings containing multiple additional questions). Even though coordination with

Battalion Chiefs was frequently undertaken on all aspects of study implementation, and all

HIFT workouts and RES practices were tailored to equipment availability and firefighting

culture, the current study still lost 10 participants to follow-up. These participants were not

polled as to their reasons why, and the feasibility of the current intervention, or others of

similar design, could have benefited if this data was collected.

In terms of statistical validity, descriptive and graphical tests revealed departures from

normality for almost all predictor and outcome variables. However, considering the small

sample size (N = 30) and emphasis on ease of interpretation, no variables were transformed

for MLMs apart from predictors that were mean-centered or standardized. Additionally,

many demographic variables were collapsed down into dichotomous predictors in an

attempt to better equalize group sizes and distributions of variance. Overall, these frequent

departures from normality could have affected estimates of the random effects variances

and covariances, and in turn, the fixed effects for all models [103]. Undoubtedly, a larger

sample size with an accompanying increase in variability among the data could also assist

in remedying these issues.

Further, while a definitive sample size required to detect significant effects in MLMs

was not calculated in the current study, Tabachnick and Fidell do state that large sample

sizes are needed even for models with only a few predictors (i.e., at least 60 participants

when estimating five or fewer parameters [112]; p. 792). They also explain that statistical

power in MLMs depends on compliance with model assumptions and grows with ICCs.

While it is probable that a majority of MLMs in the current study violated underlying

assumptions, ICCs were high and ranged between 0.70 and 0.84 for mental health outcome

variables. Authors also state that power improves with more level 2 units (i.e., partici-

pants in the current study) and fewer level 1 units (i.e., measurement occasions) per level

2 unit [112]. The current study design accounted for this caveat, though unintentionally,

concluding with four measurement occasions each among 30 participants. This design

feature also met authors’ reference that 20 or more level 2 units were required to suffi-

ciently test cross-level effects (i.e., interactions between level 1 and level 2 predictors, such

as the combined adherenceSTD [level 2, between-subjects predictor] × growth [level 1,

within-subjects predictor] interaction in the current study) [112].

In comparison with other studies, the 17-week study period and 12-week intervention

durations were chosen based on findings of previous research. Past intervention lengths re-

viewed by Rosenbaum et al. [38] included randomized controlled trials employing exercise

(i.e., yoga, combined aerobic and RT, or stationary cycling) that spanned 6–12 weeks as a

means to reduce symptoms of PTSD, with exercise groups showing significant reductions
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compared to controls [38]. Similar effects of exercise versus control groups have also been

observed regarding depressive symptoms [38]. Further, a combined 12-week intervention

of usual care (i.e., a combination of psychotherapy, pharmaceutical interventions, and

group therapy) with RT and low-intensity aerobic exercise (AE) by Rosenbaum et al. [36]

also resulted in significant reductions in both PTSD and depressive symptoms compared

to a usual-care-only control group. Specific to HIFT, Sempf and Thienes [113] proposed

an 8-week firefighter-specific program for improving physical fitness, health, and safety

among this group. Ultimately, a 12-week intervention period was chosen to best actual-

ize a combination of physical performance and mental health improvements among this

study group.

Pertaining to increasing psychological resilience among public safety personnel, a

meta-analysis of six studies revealed a Hedges’ g effect size of 0.60 (95% CI [0.34, 0.85])

for mindfulness-based interventions delivered electronically [114]. For comparison, the

Hedges’ g value for changes in psychological resilience in the current study was 0.48 (95%

CI [0.08. 0.87]). Further, a review by Rosenbaum et al. [38] presented a Hedges’ g effect size

of −0.31 (95% CI [−0.60, −0.02]) when comparing the effects of exercise over controls at

reducing PTSS severity. Further, another study by Rosenbaum et al. [36] reported a mean

difference of −5.40 points (95% CI [−10.5, −0.3]) on the PCL-C between an exercise (i.e., RT

and low-intensity AE) plus usual-care group and a usual-care-only control group. In the

current study, PTSS severity was reduced by an average of 5.00 points (SD = 7.40, 95% CI

[−7.93, −2.07]) between pre- and post-intervention as measured by the PCL-C. This equates

to a Hedges’ g effect size of −0.67 (95% CI [−1.07, −0.25]) and expands the literature on

the possible mental health effects of one such combined intervention employing HIFT and

RES among this population.

Hollerbach et al. reported a 75% adherence rate to HIFT workouts [69], comparable to

the current study’s. Also, loss to follow-up from an initial sample of 13 to 10 equated to

an attrition rate of 23.08%, lower than the 33.33% observed in the current study. However,

unlike the current study, no mental health outcomes were measured. While Hollerbach

et al. [69] first utilized the TF20 platform among fire academy recruits, Day et al. [70] were

some of the first to employ TF20 programming among volunteer firefighters. In turn, the

current study extends the literature base by being one of the first to implement the TF20

platform among career firefighters. These two interventions embody the most comparable

to the current study.

Concerted effort in firefighter research has investigated the promotion of psychological

resilience to protect against PTSD and improve mental health overall [44,47,49,57,60–64,115–122].

Research detailing the effectiveness of exercise-based interventions in affecting indices of mental

wellbeing and resilience are also beginning to emerge [51,123–129]. The current study results

indicated that participants’ scores for PTSS severity decreased over the duration of the two-part

intervention, while psychological resilience scores simultaneously increased.

Therefore, future research should continue to examine the utility of similar combined

mental-physical approaches on improving mental health among firefighters, other public

safety personnel, and the larger population as a whole. However, when establishing

separate study groups in future firefighter interventions, researchers should be aware of the

high likelihood of cross-talk between groups [43,110], as was the case in the current study;

participants frequently worked through RESpractices (e.g., some participants reported

discussing and journaling on weekly RES practices together) and HIFT workouts with each

other, as well as other station-mates not enrolled in the study. While this tight cohesion

and social support are vital for occupational performance and safety of firefighters in

time-critical situations [130–132], this can prove challenging when designing experimental

studies to better isolate treatment effects from potential confounders. Researchers should
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therefore consider matching participants across separate departments, when feasible, to

help control for this interaction between participants.

5. Conclusions

This investigation was one of the first to formally employ TF20 R2R programming

amongst a sample of career firefighters, expanding the knowledge base beyond fire academy

recruits and volunteer counterparts. Second, the study utilized four mental health measure-

ments to better characterize changes in participants’ mental health over time. Lastly, the

current intervention also informs emerging research detailing the effectiveness of remotely

delivered, web-based study protocols at improving mental health among firefighters, espe-

cially pertaining to the weekly frequency of email and text-message communications.

However, the current study is not without its limitations. The study was under-

powered and impacts the generalizability of results to broader firefighting contexts. The

self-reported nature of mental health questionnaires, intervention adherence, and addi-

tional fitness tracking could have also resulted in data inaccuracies. Future research should

strongly emphasize the practicality and accuracy of data collection to ensure the validity

of statistical modeling and results. Third, workout equipment availability varied widely

across fire stations and departments in the current study. However, most participants

reported that they improvised with available equipment or utilized local gyms to perform

some workouts instead. Fourth, although completely intrinsic to this study population,

participants’ 48 h on-duty/96 h off-duty shift schedules could have negatively impacted

intervention fidelity as well, as participants frequently fluctuated between performing HIFT

workouts and RES practices in-station or at home over the 12-week intervention period.

Due to the nature of their professions, public safety personnel require more engaging

methods for the delivery of mental health information, resources for continuous career-long

access to mental health knowledge, and more systematic approaches for improving work-

place culture specific to mental health [111]. To this end, more effective RES programming

might also entail enrollment into programs spanning many months, if not years, that can

provide sustained access to mental health resources and culturally competent professionals

whom participants can call upon when needed [110,111,132]

Access to a repository of psychological interventions, best practices, and culturally

relevant applications might also assist firefighters in career-long access to knowledge. This

would also better allow them the flexibility, autonomy, and ability to continually bolster and

maintain their mental health on their own time and pace. While the financial and practical

feasibility of such programs would indeed vary by department size, resource availability,

and employment status (i.e., volunteer vs. career), future research should examine the

utility of these extended resources among this group. Additionally, while the availability of

mental health interventions is immense [111], definitive evidence of best practices remains

scarce [109]. Future work should also focus on collaboration between relevant stakeholders

when designing and implementing mental health programs to expand uptake and improve

outcomes among participants [123].
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