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Abstract 

BACKGROUND: Firefighters are often exposed to occupational stressors that can result in 

psychological distress (i.e., anxiety and depression) and burnout. These occupational stressors 

have only intensified with the onset of the COVID-19 pandemic, and will likely persist in the 

post-pandemic world.  

OBJECTIVES: To address occupational stressors confronting firefighters we pilot tested a novel, 

cost-effective smartphone-based meditation intervention created by Healthy Minds Innovations 

(Madison, WI) that focused on trainings in mindfulness (awareness) along with practices 

designed to cultivate positive relationships (connection), insight into the nature of the self 

(insight), as well as sense of purpose in the context of challenge (purpose) with a sample of 

professional firefighters from a large metropolitan area in the southwestern United States.  

METHODS: Participants (N=35) were recruited from a closed online group listserv and 

completed the self-guided, 10-unit meditation app over the course of 10 days, with one unit per 

day. We assessed anxiety, depression, burnout, and negative affect as well as an objective 

indicator of stress-related biology, saliva diurnal cortisol rhythm, before and after use of the 

meditation app.  

RESULTS: The study demonstrated the meditation app was both feasible and acceptable for use 

with the majority of N=35 firefighters. We also found significant reductions in firefighters’ 

anxiety (P=.01), burnout (P=.05), and negative affect (P=.04), as well as changes in cortisol 

diurnal rhythm (e.g., waking cortisol [P=.02]) from before to after use of the meditation app.  

CONCLUSIONS: Findings support future research to demonstrate efficacy of this meditation app 

to reduce psychological distress and burnout in firefighters.  
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Introduction 

Along with other first responders, firefighters are often exposed to occupational stressors 

including interpersonal conflict and workplace fairness issues [1], as well as resuscitations and 

other clinical emergencies that can be psychologically traumatic. Exposure to these occupational 

stressors increases the risk that firefighters will develop stress-related chronic illnesses (e.g., 

anxiety and depression, posttraumatic stress disorder [PTSD], and chronic pain) [2]. Throughout 

the COVID-19 pandemic, occupational stressors that drive risk for stress-related illnesses in 

firefighters have only intensified [3,4], and will likely continue in the post-pandemic world. To 

address psychological distress (i.e., anxiety and depression) that result from exposure to 

occupational stressors confronting firefighters, we pilot tested a novel, cost-effective smartphone 

app-based meditation intervention that focused on mindfulness, connection with others, and 

compassion for the self and others. 

The term “meditation” refers to contemplative practices that bring mental capacities 

and processes under greater voluntary control, not just during, but also in between practice 

session [5,6]. Mindfulness is a popular style of meditation that is designed to cultivate the 

quality of non-judgmental awareness in the present moment [7,8]. The benefits of structured 

mindfulness meditation interventions to reduce anxiety and depression, as well as improve 

various stress-related biomarkers, have been demonstrated in a number of different populations, 

ranging from adolescents to cancer survivors to police officers [9-11]. A few published studies 

suggest that mindfulness meditation may also improve various aspects of health for firefighters 

[12-15], and two studies, both with the same intervention, have tested an intervention delivered 

to firefighters by technological means (i.e., not in-person) [14,16].  There has also been 

descriptive research on dispositional mindfulness in firefighters that supports the use of 
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mindfulness meditation in firefighters. Specifically, dispositional mindfulness (or awareness) has 

been inversely associated with firefighters’ PTSD symptoms, features of anxiety and depression, 

perceived stress, and suicide risk [7,15,17,18]. Together these findings suggest that interventions 

intended to cultivate mindfulness and awareness for firefighters, including by way of meditation, 

may be effective to reduce features of anxiety and depression for firefighters.  

Besides mindfulness, available evidence suggests that other styles of meditation may also 

be worthwhile for firefighters. One group of structured meditation interventions, collectively 

called “compassion meditation” (e.g., Cognitively-Based Compassion Training), are designed to 

promote compassion for the self and others. Previous research has demonstrated that compassion 

meditation interventions improve anxiety, depression, and perceived stress in different 

populations [19-21]. Although we are not aware of any studies to date that have explored 

benefits of compassion meditation for firefighters, perceived social connection (i.e., social 

support) has been found to buffer against the effects of trauma exposure and PTSD symptoms in 

firefighters [22]. This suggests that firefighters may benefit from a meditation intervention that 

actively cultivates the perception of the importance of connection to others in addition to non-

judgmental awareness in the present moment (i.e., mindfulness). We therefore tested a 

meditation app intervention that included both mindfulness and compassion. Selection of content 

for the app was guided by Lazarus and Folkman’s theory of stress and coping [23], which has 

been used previously to study health in firefighters [24], as well as research indicating the 

importance of mindfulness and perceived social connection for firefighter health [7,15,17,18,22].  

We decided to study an asynchronous, app-based approach instead of an in-person 

meditation intervention because conditions during the COVID-19 pandemic (when the study was 

conducted) prevented large gatherings of people. We also selected an app-based approach to 
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reduce intervention costs. While in-person meditation interventions with trained interventionists 

can be relatively costly (i.e., approximately USD 60 per person per group session), asynchronous 

app-based interventions have fixed development costs that can be recouped over time.  

Guided by stress and coping theory as well as prior research on how stress affects health 

of firefighters [1,7,15,17,18], we assessed self-reported anxiety, depression, and burnout, as well 

as negative affect before and after the 10-day meditation intervention. We also included an 

objective biological outcome of stress, diurnal cortisol rhythm, which is the profile of 

concentration of cortisol in saliva over the course of the day that is normally high in the morning, 

peaks 30-60 minutes after wakening (cortisol awakening response/CAR), and is low at night, 

indicating healthy hypothalamic-pituitary adrenal (HPA) axis function [25]. Relative disruptions 

in diurnal cortisol rhythm (e.g., high bedtime levels, a flatter diurnal slope from waking to 

bedtime, high overall concentration across the day) have been associated with self-reported stress 

as well as other aspects of psychological health (e.g., depression) [25,26]. Meditation 

interventions have been found in prior research to improve or stabilize diurnal cortisol rhythm 

[27,28], especially in those at-risk after exposure to stress [29]. Besides predicting that the 

meditation app would be feasible to implement with firefighters, we hypothesized that features of 

anxiety, depression, burnout, and negative affect would decline from before to after use of the 

meditation app. We also hypothesized that changes in diurnal cortisol rhythm, suggestive of 

improved HPA axis function, would result from before to after use of the meditation app. 

Methods 

Participants 

Participants were career firefighters from a large metropolitan city in the southwestern 

United States (N = 35). Participants were recruited via flyers emailed to a firefighters’ union 
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closed listserv. To be eligible for the study, participants had to: (a) be actively working as a 

firefighter in the geographic region of interest, (b) work a typical 24 hours on/48 hours off 

schedule, (c) have a smartphone with requisite knowledge to operate their device including for 

internet access, (d) have no vacation time scheduled for the duration of the study, (e) report no 

current symptoms of COVID-19, and (f) not be taking any corticosteroid medication during the 

study period. Interested individuals completed an online survey to verify their eligibility, and 

then provided their informed consent before enrollment and after being informed about the 

length and purpose of the study in real time by study staff. All procedures for this research were 

approved by the University of Arizona Human Subjects Protection Program (Project 

#2005659631). 

Design and Procedures 

This study used a one-group, pretest-posttest design. After giving consent online, 

participants were contacted by study personnel via telephone to discuss the study protocol and a 

start date for their participating in the study. Participants were then sent a study packet via mail 

that included an information sheet describing the daily activities, the saliva sampling protocol, 

instructions on downloading the meditation app, and a “spit kit” to collect saliva samples, which 

included 6 vials (with labels to record sample collection time), straws, and prepaid postage to 

send samples back to the laboratory.  

The study protocol was conducted over the course of 16 days, including pre-assessments, 

intervention, and post-assessments. To aid with compliance of the study protocol, study 

personnel texted/called participants each day of the study to remind them of the daily tasks and 

answer any concerns/questions. Participants completed aspects of the study including data 

collection in their workplace or home locations from their smartphones. On Day 1, participants 
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completed a closed online baseline survey via Qualtrics that assessed demographic 

characteristics and psychosocial and behavioral constructs. On Days 2 and 3, participants 

completed a brief online daily survey in the mornings that included self-report assessments (e.g., 

anxiety and depression), COVID-19 related stress, and sleep quality (findings regarding the latter 

two reported elsewhere). They also provided saliva samples—at waking, 30 minutes after 

waking, and bedtime on both days (total of 6 samples). On Days 4 to 13 (10 days), participants 

completed the 10-minute meditation segments guided by the app, and a brief online daily survey 

(both administered via their smartphones). On days 14 and 15, participants ended use of the 

meditation app, but continued with the online self-report data collection and completed two more 

additional days of saliva sampling (i.e., waking, 30 minutes after waking and bedtime; 6 

samples). On Day 16, participants completed a final online survey. Around this time participants 

were also contacted by a study team member to gather comments about the meditation app and 

the study procedures. Participants were then instructed to ship their samples to the research team 

using overnight return envelopes provided by the study. Participants were compensated $200 if 

they completed more than 60% of the daily online surveys; if they completed fewer, they were 

compensated $160. Study information was stored on password-protected servers that were only 

accessible by members of the study team.  

Intervention 

The smartphone app-based meditation intervention we tested was created by Healthy 

Minds Innovations (HMI) (Madison, WI) and is available at 

https://apps.apple.com/us/app/healthy-minds-program/id1326310617. The app consisted of ten 

individual 10-minutes sessions, with one session per day conducted over 10 consecutive days. 

Selection of content in the version of the app for this study with firefighters was guided by 
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Lazarus and Folkman’s theory of stress and coping [23], which has been used previously to 

guide the study of firefighters [24], as well as research indicating the importance of mindfulness 

and perceived social connection for firefighter health [7,15,17,18,22]. Accordingly, the app 

provided audio recordings on the constructs of awareness (or mindfulness) and connection (with 

others/ compassion). The app also included sessions on insight (including compassion for the self 

and others) and purpose (e.g., finding meaning in challenges experienced by the self and others), 

which together promoted lessons of connection. The app remained frozen and unchanged during 

the study period. Screenshots of the app homes screen and an app session are shown in Figure 1.  

 After enrolling and completing the initial assessment, study staff provided a link and 

unique access code to each participant to download the meditation app created by HMI to their 

phone (either iPhone or Android). 

After accessing the HMI App, 

participants were presented with a 

welcome screen, followed by a screen 

that presented participants with the 

option to turn on a notification 

allowing the meditation app to remind 

participants to practice at a particular 

time of day, if desired. Participants 

then landed on a “meditations” page, 

from which they were able to select the 

Day 1 module. Including the first day, the app contained 10 individual modules that covered the 

overarching constructs of awareness, connection, insight, and purpose. A description of each 

Figure 1. The HMI app home screen (A) and a session 
screen (B).
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module by day is presented in Table 1. Participants were able to select a module only after they 

completed the prior module. Participants were instructed to complete one module per day over 

the course of the 10-day intervention period but were allowed to “catch up” on units if they 

missed a day. 

Quantitative outcomes 

 Self-report instruments, with 46 individual items, were tested extensively by members of 

the research team (NM, EPW) for usability and technical functionality in Qualtrics before 

instruments were administered to participants. Qualtrics evaluated responses to all items for 

completeness before participants were able to select the “finished” button at the bottom of the 

questionnaires screen. Participants were able to review their responses before clicking 

“finished”. Each enrolled participant was allowed to respond to the set of items only once at each 

assessment time point, which was managed by Qualtrics using cookies. The university logo was 

displayed at the top of the Qualtrics screen. 

Table 1. Healthy Minds Innovation (HMI) app, construct focus and description by day. 
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Anxiety symptoms. The Patient Reported Outcomes Measurement Information System 

(PROMIS) Short Form v1.0 – Emotional Distress – Anxiety 8a was used at baseline and at the 

end of the intervention to assess firefighters’ experiences of emotions such as fear, stress, and 

anxiety within the past seven days. This scale was developed with Item Response Theory [30]. 

Responses were rated on a 5-point Likert scale ranging from 1 (never) to 5 (always), and total 

raw score was obtained by summing the scores of all items. Summative raw scores can range 

from 8 to 40 and are then converted to t-scores in order to compare to population norms, with 

higher scores indicating greater anxiety symptoms. This scale demonstrated adequate reliability 

at the baseline and end assessments (α =.91, .88, respectively). 

Depressive symptoms. The PROMIS Short Form v1.0 – Emotional Distress – Depression 

– Short Form 8a was used at baseline and at the end of the intervention to assess the frequency of 

firefighters’ experiences of emotions such as worthlessness, hopelessness, and sadness. 

Responses were rated on a 5-point Likert scale ranging from 1 (never) to 5 (always). This scale 

was also developed with Item Response Theory [30], and responses were rated on a 5-point 

Likert scale ranging from 1 (never) to 5 (always). Total raw score was obtained by summing the 

scores of all items and range from 8 to 40 and are then converted to t-scores in order to compare 

to population norms, with higher scores indicating greater anxiety symptoms. This scale 

demonstrated adequate reliability at the baseline and end assessments (α =.92, .87, respectively). 

Burnout. The 10-item Burnout Measure, Short Version was used to assess firefighters’ 

symptoms of burnout at baseline and at the end of the intervention [31]. The scale asks 

participants to rate feelings about their work (e.g., tired, disappointed with people, hopeless); 

responses are rated on a 7-point Likert scale ranging from 1 (never) to 7 (always). A score of 0 to 

2.4 indicates a very low level of burnout; a score between 2.5 and 3.4 indicates danger signs of 
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burnout; and a score between 3.5 and 4.4 indicates burnout. The scale has been used with 

firefighters in prior work [32], and for the current study demonstrated adequate reliability at the 

baseline and end assessments (α =.86, .84, respectively). 

 Negative affect. The Positive and Negative Affect Schedule (PANAS-SF)[33] was used 

assess firefighters’ negative affect on Day 2 and Day 14. Using 10 items, firefighters were asked 

to respond to 10 items (e.g., distressed, upset) using a 5-point Likers scale (1 = very slightly or 

not at all, 5 = extremely) Scores range from 10 to 50, with higher scores reflecting higher levels 

of affect in either domain. For negative affect, the internal consistency reliability was .84 for Day 

2 and .82 for Day 14. 

Salivary cortisol. Saliva was gathered for two consecutive days before the intervention 

(days 2 and 3) and after the intervention (days 14 and 15); each sampling day, participants 

provided a waking, 30 min after waking, and bedtime sample. Participants passively drooled 

through a straw into a 2mL polypropylene tube and labeled each tube with the time and date. 

Participants were instructed not to eat, drink, or brush their teeth 30 minutes before each sample, 

and to keep completed samples in the refrigerator throughout the study period. Participants 

shipped saliva samples to the lab and samples were then stored at -20°C. Saliva samples were 

batch assayed in duplicate according to manufacturer instructions for cortisol concentrations 

using an enzyme immunoassay (EIA) kit (Salimetrics, State College, PA). Inter- and intra-assay 

coefficients of variability were 8.16% and 7.74%, respectively. In line with prior work [34], the 

following cortisol parameters were assessed: waking level (Sample 1), bedtime level (Sample 3), 

the CAR (the difference between Sample 2 – Sample 1), the diurnal slope (the difference 

between Sample 3 - Sample 1), and the area under the curve (AUC) to assess total cortisol output 

across the day. AUC was calculated using the trapezoidal method.  



13 
 

Given that diurnal cortisol patterns are impacted by sleep quality and night awakenings 

[35], firefighters were scheduled to begin the study so that their first day of cortisol sampling 

occurred on their second day off of work, and their second day of sampling occurred on their 

first day on work. This would eliminate firefighters taking a waking sample following a shift (in 

which a waking sample would be hard to determine given that most firefighters are woken-up 

multiple times in the night due to emergency calls).  

Determination of feasibility and statistical analytic plan 

 Intervention feasibility was defined as 80% or more of participants completing 9 or more 

of the 10 meditation app sessions, over the 10-day intervention period. Acceptability was 

determined by comments about the app and study procedures derived from post-study 

interviews. Feasibility to collect saliva samples and self-report data was defined as collection of 

80% or more of saliva samples or self-report variables at appropriate time points, according to 

the study protocol. Pre to post change in study outcomes was analyzed with pair-wise 

comparison t-tests for self-report (i.e., burnout, anxiety symptoms, depressive symptoms, 

negative affect) and cortisol measures. 

Results 

Participants 

 The study entire study protocol was conducted between June and July, 2020. A majority 

of firefighters identified as men (86%; n = 30), and were on average, 37 years old (SD = 8.04). 

Firefighters identified their racial/ethnic background as White (63%; n = 22), Hispanic or Latino 

(23%; n = 8), Black or African American (3%; n = 1), Native American, American Indian, or 

Alaskan native (3%; n = 1), and multi-racial/ethnic (3%; n = 1). Two firefighters identified their 

racial ethnic as other (i.e., human, American). On average, participants had been working as 
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firefighters for 9.8 years (SD = 7.58). As for education, firefighters reported some college, 

vocational or technical school (17%; n = 6), Associate’s degree (31%, n = 11), Bachelor’s degree 

(37%, n = 13), and some advanced work or a master’s degree (14%, n = 5). Most firefighters 

reported their relationship status as married (66%, n = 23); 9% (n = 3) were single, 9% (n = 3) 

divorced, and 17% (n = 6) in a relationship but not married (Table 2).  

Feasibility and Acceptability 

 Study compliance was high; 33 of the 35 participants (94%) completed the post-

intervention self-report assessments. As for intervention engagement, 80% (n = 28) of 

participants completed either all 10 or 9 of the app segments; the remaining participants 

completed 8 segments (n = 2), 5 segments (n = 1), 2 segments (n = 2), and 1 segment (n = 2). 

Ninety-four percent (n = 33) of participants collected at least one home saliva sample at both the 

initial assessment and the end assessment. In post-study interviews, multiple participants 

reported that they found use of the app worthwhile. No participants reported concerns with the 

app or other study procedures. No technical problems or privacy breaches occurred during the 

study. 

Given the interest in preliminary intervention effects, we performed attrition analyses to 

determine if those who completed 9 or 10 segments (n = 28) differed from those who completed 

fewer than 9 (n = 8) on relevant demographic characteristics and baseline indicators. No 

Table 2. Demographic information about the sample (N = 35) 
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differences emerged on race/ethnicity, gender, relationships status, education level or age; 

however, those who completed most HMI segments had been working as firefighters longer than 

those who completed fewer HMI segments (t [28.28] = 2.99, P = .006; M = 10.92, SD = 8.00; M 

= 5.36, SD = 2.87, respectively). No differences emerged on baseline measures of burnout, 

anxiety and depressive symptoms, negative affect, bedtime cortisol, cortisol awakening response, 

diurnal slope, or cortisol AUC. There were differences on waking cortisol (t [31] = -2.67, P = 

.01); those who participated in most HMI segments had lower waking cortisol levels (M = .25, 

SD = .10) than those who completed fewer HMI segments (M = .38, SD = .14) at the pre-

intervention assessment.   

For the baseline and end in-home saliva sampling protocols, a majority of our participants 

aligned with schedule (nbaseline = 22; nend = 19). There were, however, firefighters whose schedule 

did not. All firefighters’ schedules were on a 24-hour work/48 hour off rotation; however, it is 

common for firefighters to pick up additional overtime shifts, so that they may only have one day 

off in between.  If firefighters worked both cortisol sampling days (nbaseline = 2) or if they 

misreported their work schedules (nbaseline = 2), their cortisol data were not used. If firefighters 

worked the day prior to the first day of saliva sampling, and worked during the second day of 

saliva sampling, only their second day of samples were used (nbaseline = 5, nend = 2). Similarly, if 

firefighters worked the day prior to their first day of sampling, but were off on the second day of 

sampling, only their second day of samples were used (nend = 2). If firefighters were off the day 

prior to the first day of saliva sampling, but worked on both saliva sampling days, only the first 

day’s samples were used (nbaseline = 1, nend = 1)(see Table 3 for final number of participants).  

Quantitative Outcomes 
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To examine pre to post intervention change in outcomes, pair-wise comparison t-tests 

were performed on self-report (i.e., burnout, anxiety symptoms, depressive symptoms, negative 

affect) and physiological measures (i.e., waking cortisol, bedtime cortisol, CAR, diurnal slope, 

cortisol AUC)(Table 3). Significant pre- to post-intervention differences were found for burnout, 

anxiety symptoms, and negative affect (Table 3, Figure 2). Specifically, firefighters reported 

lower burnout, lower anxiety symptoms and lower negative affect after the intervention. Pre to 

post-intervention differences were not found for depressive symptoms. Significant pre-post test 

differences were found for measures of waking cortisol and cortisol AUC (Table 3, Figure 2); 

firefighters exhibited lower waking cortisol and lower cortisol AUC after the intervention. There 

were no pre- and post-intervention differences in bedtime cortisol, CAR, or diurnal slope. 

Discussion 

Principal Results 

The goal of this study was to determine feasibility and acceptability of a novel 

smartphone-based meditation app for use with firefighters. In addition, we hypothesized that 

features of anxiety, depression, burnout, and negative affect would decline from before to after 

Table 3. Pair-Wise Comparison T-Test from Pre- to Post-Intervention    
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use of the app. We also hypothesized that changes in diurnal cortisol rhythm, suggestive of 

improved HPA axis function, would result from before to after use of the meditation app. We 

found that use of app 

was both feasible and 

acceptable by a sample 

of career firefighters. 

We were also able to 

collect reliable 

psychological self-

report outcomes and 

saliva samples from the 

majority of our sample, 

despite the highly 

variable shift-work 

schedule. In terms of 

pre and post 

intervention outcomes, 

we found a reduction in 

self-reported anxiety 

and burnout symptoms, 

as well as negative 

affect. We also observed statistically meaningful (or strong trend) reductions in several measures 

related to diurnal cortisol rhythm, including waking saliva concentrations of cortisol, as well as 

Figure 2. Burnout (Panel A), anxiety (Panel B), negative affect 
(Panel C), and two indicators of diurnal cortisol rhythm (waking 
saliva concentrations of cortisol [Panel D] and cortisol area under 
the curve [AUC][Panel E]) decreased from before to after the 
Healthy Minds Innovations app in firefighters. * p ≤ 0.05, ** p ≤ 
0.01 
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cortisol area under the curve over the course of the day. Together these findings suggest that use 

of the HMI smartphone-based meditation app may be associated with improvement in objective 

stress-related physiological indicators and self-reported psychological factors. We believe these 

findings, although preliminary, are noteworthy because they provide evidence of the utility and 

accessibility of a cost-effective app-based meditation intervention to reduce distress and burnout 

in firefighters. 

Limitations 

This study has several limitations. First, the sample was relatively small, although it 

was appropriately sized to investigate feasibility and acceptability, and power was adequate 

for the outcomes assessed [36]. Second, the study only included a single arm, with no 

waitlist control or other comparison group, such as an active attention control. Future 

research with the meditation app for firefighters should include an appropriate active 

comparison group that controls for likely nonspecific intervention elements (e.g., learning 

something new from a smartphone app over a period of 10 days), in order to establish 

efficacy of the meditation app in firefighters. Future studies may also work to determine 

whether daily text reminders to engage with the app have an impact on results. Third, 

participants were from the same, large metropolitan area. Future studies should involve 

firefighters from both smaller and larger urban settings, as well as rural settings, in order to 

ensure generalizability of findings regarding meditation app efficacy in different regions. 

Finally, we did not control for multiple comparisons as this was an initial study. Future 

studies with larger sample sizes and preregistered hypotheses can address this limitation. 

Comparison with Prior Work 
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Firefighters typically experience occupational stressors that include not only events 

related to fighting fires, but also interpersonal conflict, workplace fairness issues, and 

resuscitations and other clinical emergencies [1]. Events involving emergency medical care 

are likely to be encountered more frequently by firefighters than fighting fires, and in some 

cases, these may be experienced together (e.g., automobile accidents). Such events can be 

psychologically traumatic along with interpersonal stressors that generate occupational 

stress, which in turn can activate stress-related biological pathways. Repeated activation 

over time of these pathways by stressor exposure may increase the risk for stress-related 

chronic illnesses, including diseases that are leading causes of morbidity and mortality in 

firefighters (e.g., cardiovascular disease) [37]. Indeed, a recent systematic review found that 

occupational stressors experienced by firefighters are associated with various illness states 

including PTSD, hypertension, and musculoskeletal pain as well as objective markers of 

stress-related biology (i.e., heart rate variability) [1]. In the current study, we found that use 

of the meditation app was associated with a decline in self-reported anxiety, burnout, and 

negative affect, as well as changes in diurnal cortisol rhythm (i.e., lower morning cortisol and 

cortisol area under the curve), suggesting that the app may reduce the effects of occupational 

stressors on stress biological pathways in firefighters.  

Anxiety is often comorbid with PTSD [38], and as such, any beneficial effects of the 

meditation app on anxiety may also have a beneficial effect on PTSD symptom severity 

experienced by many firefighters. We also observed an effect on fire fighters’ burnout, 

suggesting that the meditation app may also lessen the effect of occupational stressor exposure 

on firefighter psychological feelings about their job. When firefighters take time for reflection, 

self-compassion, and connection, they may be more present and positive about their work. 
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Finally, the decline in negative affect we observed was also notable because it highlights how the 

meditation app may exert a beneficial effect on daily emotional processes, and by extension 

chronic health conditions that may be exacerbated by negative affect [39].  

While prior studies have explored potential benefits of meditation interventions for 

firefighters, these studies have focused almost exclusively on mindfulness meditation [12-14,16]. 

Mindfulness meditation is notably different from other forms of meditation, including the HMI 

meditation app that we studied here that cultivates both mindfulness and feelings of social 

connection. Although a meditation intervention created by Joyce and colleagues, called 

Resilience@Work Mindfulness, includes some components of compassion [14,16], these 

represented only about a sixth of Resilience@Work Mindfulness, and only 3 out of 18 of its 

guided practice audio tracks. This contrast with the HMI meditation app, that includes 5 out of 

10 units that involve compassion for self and/or others. While the HMI app does incorporate 

mindfulness and attention training, these skills are developed so they can be leveraged in later 

units to address analytic concepts of compassion for self and connection with others. Thus, the 

HMI meditation app is distinctly different in terms of content from mindfulness meditations 

studied before with firefighters [12-14,16]. In addition, the HMI meditation app is smartphone-

based, while previous efforts with firefighters have been limited to in-person meditation 

interventions [12,13], or tablet or computer-facilitated interventions [14,16]. 

Besides psychological distress, many firefighters also experience physical symptoms 

related to chronic pain that are secondary to musculoskeletal disorders [2], sometimes as a 

result of occupational injuries.  Although we did not assess pain or other somatic conditions 

in the present study, future studies with this meditation app would do well to include 

measures of physical health along with distress. Although there are many reasons why 
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firefighters experience occupational injuries, available evidence suggests that injury risk for 

firefighters may be predicted by psychological distress (i.e., depression) [40-43]. The 

association between occupational injury and psychological distress in firefighters may 

involve effects of stress exposure on depression and anxiety [44], which in turn may impact 

awareness and other aspects of dispositional mindfulness [45-47], and therefore workplace 

safety [48-50]. 

Conclusions 

 In this study we demonstrated the feasibility and acceptability of a 10-day meditation 

app created by HMI in a sample of career firefighters. We also found that anxiety, burnout, 

and negative affect improved from before to after use of the meditation app, and also noted 

changes in various indicators of cortisol diurnal rhythm. These findings suggest that a 

meditation app with high potential for widespread distribution, at a low cost, may improve 

firefighter health. Additional research is needed to demonstrate efficacy of this intervention 

versus an active attention control, and how the meditation app may positively impact other 

aspects of health that are relevant for firefighters including physical health and occupational 

injury risk.  

 

  



22 
 

Conflicts of Interest 

RJD is the Founder and President of Healthy Minds Innovations (HMI), a non-profit 

organization with a mission to create tools to measure and cultivate well-being.  He receives no 

financial compensation from HMI. The other authors have conflicts of interest to disclose.  

 

Acknowledgments  

 Funding for this study was provided by an intramural research grant from the University 

of Arizona College of Agriculture and Life Sciences to KHZ. 

 
  



23 
 

References 

1. Igboanugo S, Bigelow PL, Mielke JG. Health outcomes of psychosocial stress within 

firefighters: A systematic review of the research landscape. J Occup Health. Jan 

2021;63(1):e12219. doi:10.1002/1348-9585.12219. PMC8006668 

2. Carleton RN, Afifi TO, Taillieu T, et al. Anxiety-related psychopathology and chronic 

pain comorbidity among public safety personnel. J Anxiety Disord. Apr 2018;55:48-55. 

doi:10.1016/j.janxdis.2018.03.006.  

3. Firew T, Sano ED, Lee JW, et al. Protecting the front line: a cross-sectional survey 

analysis of the occupational factors contributing to healthcare workers' infection and 

psychological distress during the COVID-19 pandemic in the USA. BMJ Open. Oct 21 

2020;10(10):e042752. doi:10.1136/bmjopen-2020-042752. PMC7580061 

4. ProPublica. “Dead on Arrival”: A N.Y. Fire Chief’s COVID Journal. ProPublica. 5 April 

2020 2020; 

5. Walsh R, Shapiro SL. The meeting of meditative disciplines and Western psychology: a 

mutually enriching dialogue. Am Psychol. Apr 2006;61(3):227-39. doi:2006-03947-004 [pii] 

10.1037/0003-066X.61.3.227.  

6. Kabat-Zinn J. Full catastrophe living: using the wisdom of your body and mind to face 

stress, pain, and illness. Dell Publishing; 1991. 

7. Smith BW, Ortiz JA, Steffen LE, et al. Mindfulness is associated with fewer PTSD 

symptoms, depressive symptoms, physical symptoms, and alcohol problems in urban firefighters. 

J Consult Clin Psychol. Oct 2011;79(5):613-7. doi:10.1037/a0025189.  

8. Kabat-Zinn J. Full catastrophe living: Using the wisdom of your body and mind to face 

stress, pain, and illness. . Delta; 1990. 



24 
 

9. Haller H, Winkler MM, Klose P, Dobos G, Kummel S, Cramer H. Mindfulness-based 

interventions for women with breast cancer: an updated systematic review and meta-analysis. 

Acta Oncol. Dec 2017;56(12):1665-1676. doi:10.1080/0284186X.2017.1342862.  

10. Marquez MA, Galiana L, Oliver A, Sanso N. The impact of a mindfulness-based 

intervention on the quality of life of Spanish national police officers. Health Soc Care 

Community. Oct 30 2020;doi:10.1111/hsc.13209.  

11. Reangsing C, Punsuwun S, Schneider JK. Effects of mindfulness interventions on 

depressive symptoms in adolescents: A meta-analysis. Int J Nurs Stud. Mar 2021;115:103848. 

doi:10.1016/j.ijnurstu.2020.103848.  

12. Denkova E, Zanesco AP, Rogers SL, Jha AP. Is resilience trainable? An initial study 

comparing mindfulness and relaxation training in firefighters. Psychiatry Res. Jan 16 

2020;285:112794. doi:10.1016/j.psychres.2020.112794.  

13. Kaplan JB, Bergman AL, Christopher M, Bowen S, Hunsinger M. Role of Resilience in 

Mindfulness Training for First Responders. Mindfulness (N Y). Oct 2017;8(5):1373-1380. 

doi:10.1007/s12671-017-0713-2. PMC8412411 

14. Joyce S, Shand F, Bryant RA, Lal TJ, Harvey SB. Mindfulness-Based Resilience 

Training in the Workplace: Pilot Study of the Internet-Based Resilience@Work (RAW) 

Mindfulness Program. J Med Internet Res. Sep 11 2018;20(9):e10326. doi:10.2196/10326. 

PMC6231729 

15. Counson I, Hosemans D, Lal TJ, Mott B, Harvey SB, Joyce S. Mental health and 

mindfulness amongst Australian fire fighters. BMC Psychol. Jun 14 2019;7(1):34. 

doi:10.1186/s40359-019-0311-2. PMC6570940 



25 
 

16. Joyce S, Shand F, Lal TJ, Mott B, Bryant RA, Harvey SB. Resilience@Work 

Mindfulness Program: Results From a Cluster Randomized Controlled Trial With First 

Responders. J Med Internet Res. Feb 19 2019;21(2):e12894. doi:10.2196/12894. PMC6399574 

17. Stanley IH, Boffa JW, Tran JK, Schmidt NB, Joiner TE, Vujanovic AA. Posttraumatic 

stress disorder symptoms and mindfulness facets in relation to suicide risk among firefighters. J 

Clin Psychol. Apr 2019;75(4):696-709. doi:10.1002/jclp.22748. PMC6434694 

18. Lee JH, Lee J, Lee KS. Moderated Mediation Effect of Mindfulness on the Relationship 

Between Muscular Skeletal Disease, Job Stress, and Turnover Among Korean Firefighters. Saf 

Health Work. Jun 2020;11(2):222-227. doi:10.1016/j.shaw.2020.03.006. PMC7303520 

19. Gonzalez-Hernandez E, Romero R, Campos D, et al. Cognitively-Based Compassion 

Training (CBCT((R))) in Breast Cancer Survivors: A Randomized Clinical Trial Study. Integr 

Cancer Ther. Sep 2018;17(3):684-696. doi:10.1177/1534735418772095. PMC6142100 

20. Murfield J, Moyle W, O'Donovan A. Mindfulness- and compassion-based interventions 

for family carers of older adults: A scoping review. Int J Nurs Stud. Dec 2 2019:103495. 

doi:10.1016/j.ijnurstu.2019.103495.  

21. Carson JW, Keefe FJ, Lynch TR, et al. Loving-kindness meditation for chronic low back 

pain: results from a pilot trial.[see comment]. Journal of Holistic Nursing. 2005;23(3):287-304.  

22. Lee JS. Perceived social support functions as a resilience in buffering the impact of 

trauma exposure on PTSD symptoms via intrusive rumination and entrapment in firefighters. 

PLoS One. 2019;14(8):e0220454. doi:10.1371/journal.pone.0220454. PMC6677557 

23. Lazarus R, Folkman S. Stress, appraisal, and coping. Springer; 1984. 



26 
 

24. Prati G, Pietrantoni L, Cicognani E. Self-efficacy moderates the relationship between 

stress appraisal and quality of life among rescue workers. Anxiety Stress Coping. Jul 

2010;23(4):463-70. doi:10.1080/10615800903431699.  

25. Adam EK, Quinn ME, Tavernier R, McQuillan MT, Dahlke KA, Gilbert KE. Diurnal 

cortisol slopes and mental and physical health outcomes: A systematic review and meta-analysis. 

Psychoneuroendocrinology. Sep 2017;83:25-41. doi:10.1016/j.psyneuen.2017.05.018. 

PMC5568897 

26. Juarez Garcia DM, Landero Hernandez R, González-Ramírez M, Jaime L. Diurnal 

cortisol variatiojn and its relationship with stress, optimism, and coping strategies in women with 

breast cancer. Acta Colombiana de Psicologia. 2016;19(1):113-122.  

27. Carlson LE, Doll R, Stephen J, et al. Randomized controlled trial of Mindfulness-based 

cancer recovery versus supportive expressive group therapy for distressed survivors of breast 

cancer. J Clin Oncol. Sep 1 2013;31(25):3119-26. doi:JCO.2012.47.5210 [pii] 

10.1200/JCO.2012.47.5210.  

28. Bergen-Cico D, Possemato K, Pigeon W. Reductions in cortisol associated with primary 

care brief mindfulness program for veterans with PTSD. Med Care. Dec 2014;52(12 Suppl 

5):S25-31. doi:10.1097/MLR.0000000000000224.  

29. Koncz A, Demetrovics Z, Takacs ZK. Meditation interventions efficiently reduce cortisol 

levels of at-risk samples: a meta-analysis. Health Psychol Rev. Mar 2021;15(1):56-84. 

doi:10.1080/17437199.2020.1760727.  

30. Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes Measurement 

Information System (PROMIS) developed and tested its first wave of adult self-reported health 



27 
 

outcome item banks: 2005-2008. J Clin Epidemiol. Nov 2010;63(11):1179-94. doi:S0895-

4356(10)00173-3 [pii] 

10.1016/j.jclinepi.2010.04.011. 2965562 

31. Malach-Pines A. The Burnout Measure, Short Version. International Journal of Stress 

Management. 2005;12(1):78-88.  

32. Smith TD, Hughes K, DeJoy DM, Dyal M. Assessment of relationships between work 

stress, work-family conflict, burnout and firefighter safety behavior outcomes. Safety Science. 

2018;103:287-292.  

33. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of 

positive and negative affect: the PANAS scales. J Pers Soc Psychol. Jun 1988;54(6):1063-70.  

34. Zeiders KH, Hoyt LT, Adam EK. Associations between self-reported discrimination and 

diurnal cortisol rhythms among young adults: The moderating role of racial-ethnic minority 

status. Psychoneuroendocrinology. Dec 2014;50:280-8. doi:10.1016/j.psyneuen.2014.08.023. 

PMC4254319 

35. Zeiders KH, Doane LD, Adam EK. Reciprocal relations between objectively measured 

sleep patterns and diurnal cortisol rhythms in late adolescence. J Adolesc Health. Jun 

2011;48(6):566-71. doi:10.1016/j.jadohealth.2010.08.012. PMC3179910 

36. Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharmaceutical 

Statistics: The Journal of Applied Statistics in the Pharmaceutical Industry. 2005;4(4):287-291.  

37. Soteriades ES, Smith DL, Tsismenakis AJ, Baur DM, Kales SN. Cardiovascular disease 

in US firefighters: a systematic review. Cardiol Rev. Jul-Aug 2011;19(4):202-15. 

doi:10.1097/CRD.0b013e318215c105.  



28 
 

38. Brady KT, Killeen TK, Brewerton T, Lucerini S. Comorbidity of psychiatric disorders 

and posttraumatic stress disorder. J Clin Psychiatry. 2000;61 Suppl 7:22-32.  

39. Curhan KB, Sims T, Markus HR, et al. Just how bad negative affect is for your health 

depends on culture. Psychol Sci. Dec 2014;25(12):2277-80. doi:10.1177/0956797614543802. 

PMC4267914 

40. Jahnke SA, Poston WS, Haddock CK, Jitnarin N. Injury among a population based 

sample of career firefighters in the central USA. Inj Prev. Dec 2013;19(6):393-8. 

doi:10.1136/injuryprev-2012-040662.  

41. Phelps SM, Drew-Nord DC, Neitzel RL, Wallhagen MI, Bates MN, Hong OS. 

Characteristics and Predictors of Occupational Injury Among Career Firefighters. Workplace 

Health Saf. Jun 2018;66(6):291-301. doi:10.1177/2165079917740595. PMC6097705 

42. Gordon H, Lariviere M. Physical and psychological determinants of injury in Ontario 

forest firefighters. Occup Med (Lond). Dec 2014;64(8):583-8. doi:10.1093/occmed/kqu133.  

43. Kim YK, Ahn YS, Kim K, Yoon JH, Roh J. Association between job stress and 

occupational injuries among Korean firefighters: a nationwide cross-sectional study. BMJ Open. 

Nov 25 2016;6(11):e012002. doi:10.1136/bmjopen-2016-012002. PMC5168540 

44. Kendler KS, Hettema JM, Butera F, Gardner CO, Prescott CA. Life event dimensions of 

loss, humiliation, entrapment, and danger in the prediction of onsets of major depression and 

generalized anxiety. Arch Gen Psychiatry. Aug 2003;60(8):789-96. 

doi:10.1001/archpsyc.60.8.789.  

45. Medvedev ON, Norden PA, Krägeloh CU, Siegert RJ. Investigating Unique 

Contributions of Dispositional Mindfulness Facets to Depression, Anxiety, and Stress in General 

and Student Populations. Mindfulness (N Y). 2018;9(6):1757-1767.  



29 
 

46. Hoge EA, Holzel BK, Marques L, et al. Mindfulness and self-compassion in generalized 

anxiety disorder: examining predictors of disability. Evid Based Complement Alternat Med. 

2013;2013:576258. doi:10.1155/2013/576258. PMC3794663 

47. Tomlinson ER, Yousaf O, Vitterso AD, Jones L. Dispositional Mindfulness and 

Psychological Health: a Systematic Review. Mindfulness (N Y). 2018;9(1):23-43. 

doi:10.1007/s12671-017-0762-6. PMC5770488 

48. Betts KR, Hinsz VB. Mindful Attention and Awareness Predict Self-Reported Food 

Safety Practices in the Food Service Industry. Current Psychology. 2015;34(2):191-206.  

49. Zhang J, Wu C. The influence of dispositional mindfulness on safety behaviors: a dual 

process perspective. Accid Anal Prev. Sep 2014;70:24-32. doi:10.1016/j.aap.2014.03.006.  

50. Dierynck B, Leroy H, Savage GT, Choi E. The Role of Individual and Collective 

Mindfulness in Promoting Occupational Safety in Health Care. Med Care Res Rev. Feb 

2017;74(1):79-96. doi:10.1177/1077558716629040.  

 

  



30 
 

Abbreviations 
 
PTSD: posttraumatic stress disorder  
 
HMI: Healthy Minds Innovations 
 
CAR: cortisol awakening response 
 
HPA axis: hypothalamic-pituitary adrenal axis 
 
PROMIS: Patient Reported Outcomes Measurement Information System  
 
PANAS-SF: Positive and Negative Affect Schedule  
 
EIA: enzyme immunoassay 
 
AUC: area under the curve 
 


