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Unaddressed occupational stress and trauma contribute to elevated rates of mental illness
and suicide in policing, and to violent and aggressive behavior that disproportionately
impacts communities of color. Emerging evidence suggests mindfulness training with
police may reduce stress and aggression and improve mental health, but there is limited
evidence for changes in biological outcomes or the lasting benefits of mindfulness training.
We conducted a randomized controlled trial (RCT) of 114 police officers from three
Midwestern U.S. law enforcement agencies. We assessed stress-related physical and
mental health symptoms, blood-based inflammatory markers, and hair and salivary cortisol.
Participants were then randomized to an 8-week mindfulness intervention or waitlist
control (WLC), and the same assessments were repeated post-intervention and at 3-month
follow-up. Relative to waitlist control, the mindfulness group had greater improvements
in psychological distress, mental health symptoms, and sleep quality post-training, gains
that were maintained at 3-month follow-up. Intervention participants also had a significantly
lower cortisol awakening response (CAR) at 3-month follow-up relative to waitlist control.
Contrary to hypotheses, there were no intervention effects on hair cortisol, diurnal cortisol
slope, or inflammatory markers. In summary, an 8-week mindfulness intervention for police
officers led to self-reported improvements in distress, mental health, and sleep, and a
lower CAR. These benefits persisted (or emerged) at 3-month follow-up, suggesting that
this training may buffer against the long-term consequences of chronic stress. Future
research should assess the persistence of these benefits over a longer period while
expanding the scope of outcomes to consider the broader community of mindfulness
training for police.

Clinical Trial Registration: ClinicalTrials.gov #NCT03488875.

Keywords: law enforcement, stress, mental health, cortisol, mindfulness, posttraumatic stress disorder,
inflammation, sleep
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INTRODUCTION

There is a pressing need for evidence-based interventions to
address twin crises of police officer mental health and the
violent and discriminatory treatment of communities of color
and marginalized groups by police. Daily exposure to direct
and vicarious trauma, chronic organizational stressors, and
heightened police-community tension contribute to elevated
rates of posttraumatic stress, depression, alcoholism, and suicide
in police officers relative to the general public (Ballenger et al.,
2011; Carleton et al., 2017; Violanti et al., 2017a; Chopko
et al, 2018; Syed et al, 2020). The fatigue, burnout, and
hypervigilance that emerge in the absence of effective emotion
regulatory strategies contribute to aggressive and discriminatory
policing practices (Kop et al., 1999; Rajaratnam et al., 2011;
Ma et al, 2013; Goff and Rau, 2020), exacerbating distrust
and anger toward the police, particularly among communities
of color that historically have been disproportionately impacted.

Recent research suggests mindfulness-based interventions
(MBIs) may help address each of these crises. Commonly
conceptualized as providing “stress reduction” techniques, the
embodied practices and didactic knowledge contained within
MBIs enhance self-awareness and self-regulation (Vago and
Silbersweig, 2012), deepen one’s sense of interconnection and
compassion (Hutcherson et al., 2008; Kang et al., 2014), and
encourage exploration and acceptance of challenging emotions
(Thompson and Waltz, 2010; Lindsay and Creswell, 2017) as
an alternative to culturally engrained patterns of avoidance
and emotional control (Pogrebin and Poole, 1995; Karaffa and
Tochkov, 2013). Two pilot studies demonstrated the acceptability,
feasibility, and preliminary efficacy of MBIs adapted for police
personnel (Christopher et al., 2016; Grupe et al., 2021a), and
three randomized controlled trials (RCTs) have demonstrated
benefits of mindfulness training relative to waitlist control
(WLC) for self-reported stress, burnout, mindfulness, alcohol
use, negative affect, and global health (Christopher et al., 2018;
Krick and Felfe, 2019; Trombka et al., 2021). Results for anxiety
and depression symptoms have been mixed, which could partially
be attributable to differences in sample characteristics: a study
of primarily male police officers in the U.S. Northwest found
no differences (Christopher et al., 2018), whereas a study of
primarily female officers in Brazil found sizable and durable
reductions in  anxiety and  depression  symptoms
(Trombka et al., 2021).

Several gaps remain in our knowledge of the benefits of
mindfulness training for police officer health and well-being.
First, data on stress-related biological outcomes, particularly
biomarkers related to cortisol and inflammation, are limited.
Prolonged activation of the hypothalamic-pituitary-adrenal
(HPA) axis and excessive cortisol release contribute to widespread
dysregulation of central and peripheral biological systems
influenced by this hormone (McEwen, 1998). Among other
deleterious consequences, prolonged HPA axis activation lessens
cortisol’s ability to suppress inflammatory responses (Rohleder,
2012). Elevated inflammation is consequently associated with
posttraumatic stress disorder (PTSD), depression, cardiovascular
disease, and metabolic syndrome (Raison et al, 2006;

Eraly et al, 2014; Lindqvist et al, 2014; Liu et al., 2017).
Notably, MBIs have demonstrated benefits for immune system
function, including relatively consistent decreases in C-reactive
protein (CRP; Black and Slavich, 2016). No studies to our
knowledge have investigated the impact of mindfulness training
on inflammation in police officers, although one study provided
tentative evidence for a lower cortisol awakening response
(CAR) following mindfulness training (Christopher et al., 2018).

Second, data on the long-term impact of MBIs for police are
also limited and inconsistent. One RCT in 61 United States police
officers failed to find group differences 3 month post-training
(Christopher et al., 2018) whereas another RCT in 170 Brazilian
police officers reported robust benefits for mindfulness training
vs. waitlist at 6-month follow-up for quality of life, anxiety, and
depression (Trombka et al., 2021). The latter study is consistent
with a single-arm pilot study that identified reductions in burnout,
anxiety, and PTSD symptoms at 5-month follow-up (Grupe et al.,
2021a). Demonstrating evidence for long-term benefits of these
interventions is critical both for police officer well-being and
that of the communities they serve.

We conducted a RCT of an 8-week adapted mindfulness
training vs. waitlist control in 114 police officers from a
medium-sized Midwestern United States city, recruiting from
a city police department, university police department, and a
county sheriff’s agency. In addition to self-reported stress and
mental/physical health, we collected data on biomarkers of
cortisol release and inflaimmation immediately post-training
and at 3-month follow-up. The focus of this report is on self-
reported stress, stress-related physical and mental health, and
biomarkers of relevance for stress-related illness. In the interest
of coherence and brevity, additional outcomes are described
briefly below but results will be reported elsewhere.

MATERIALS AND METHODS

Participants and Recruitment

Participants were sworn law enforcement officers employed by
the Dane County Sheriff’s Office, Madison Police Department,
and University of Wisconsin-Madison Police Department.
Participants were enrolled in two discrete cohorts, with 60
participants enrolled in Cohort 1 (March-April 2018) and
55 in Cohort 2 (February-March 2019). Participants self-selected
into the study and participation, while encouraged by
participating agencies, was fully voluntary. There were no
inclusion criteria that participants needed to meet, for example
with regard to pre-existing symptomology or health concerns.
Exclusionary criteria included significant previous meditation
practice or participation in a previous mindfulness class. For
the first cohort of participants, personnel in command positions
(lieutenant or above) were excluded, as were sheriff’s deputies
working primarily in the county jail; these individuals were
eligible for the second cohort.

Prior to recruitment, we informally advertised the study to
an officer advisory council, union leadership, and wellness
committee members. Prior to Cohort 2, we spoke with key
department stakeholders to develop strategies for engaging
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officers of color in this research, which resulted in a more
racially and ethnically representative cohort of participants.
Formal recruitment activities included emails sent by agency
liaisons, flyers posted at district stations, and announcements
at daily briefings. Interested individuals contacted our study
team and completed a phone screening to confirm eligibility
(see Figure 1 for CONSORT diagram).

Data Collection

In-Person Data Collection

Informed consent and in-person baseline assessments took
place on average 15.4 days before randomization (range=3-29).
The same assessments occurred post-training (average 12.1 days,
range =3-26) and at 3-month follow-up (average 94.2 days after
post-training assessment, range=71-116). The two groups did
not differ in the average amount of time between the intervention
and post-test [mindfulness training=12.3days, waitlist
control=11.9days; #(107)=0.38, p=0.71]. The follow-up
assessment took place on average 3 days later for the mindfulness
group (107.5days) relative to waitlist control [104.6days;
£(102)=2.04, p=0.04].

At each visit, we collected accuracy and reaction time data
on two computerized behavioral tasks, the mnemonic similarity
task (Stark et al,, 2013), and the affective go/no-go task (Hare
et al, 2005; results not presented here). We obtained capillary
blood on filter paper following lancet prick to assess inflammatory
markers from dried blood spots (DBSs), and collected hair
samples from 1" below the vertex of participants’ scalps for
hair cortisol concentration measurement. Participants completed
a battery of self-report measures (Table 2; Supplementary Table S2)
and a work and demographics questionnaire.

Field Data Collection

Following the in-person visit, participants collected field
data over the course of their next scheduled work week.
Participants collected four saliva samples using Salivette®
cortisol tubes (Sarstedt, Niimbrecht) on each of 3 consecutive
days - immediately after awakening, 30 and 45min after
awakening, and immediately before bed - and indicated
the time of collection on paper logs. Participants were
instructed to avoid eating, drinking, brushing teeth, smoking,
or exercising prior to saliva collection. Participants were

Enroliment |

Assessed for eligibility (n = 135)

Excluded (n = 20)

o Did not meet inclusion criteria (n = 11)

v

¢ Declined invitation to participate (n = 7)
¢ Reached enroliment limit for Cohort 1 (n = 2)

Completed informed consent (n = 115)

A4

> | Withdrew before data collection (n=1)

randomized (n = 114)

Completed baseline assessment and

I

'

'

Allocation

Allocated to MT (n = 57)
e Completed intervention,
> 50% attendance (n = 53)
e Completed intervention,
< 50% attendance (n = 2)
o Withdrew after 0/1 class (n = 2)
= Life events (2)

Allocated to WLC (n = 57)

'

[Post-Training ]

Completed T2 visit (n = 54)

e Lost to follow-up (n = 1)

Completed T2 visit (n = 56)

o Discontinued study (n = 1)

A

= Too many commitments (1)

'

[3 Month Follow-Up ]

Completed T3 visit (n = 53)
e Discontinued study (n = 1)
= Declined to provide reason (1)

Completed T3 visit (n = 52)
o Discontinued study (n = 3)
= Too many commitments (3)

l

e Lost to follow-up (n = 1)

v

|

Analyzed (n = 57)

Analyzed (n = 57)

FIGURE 1 | CONSORT diagram. Primary intent-to-treat analysis includes all participants with baseline data collection (n=114). MT, mindfulness training and WLC,

waitlist control.
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TABLE 1 | Demographic and work information.

Characteristic MT wLC
N (%) N (%)
Gender
Female 23 (40) 24 (42)
Male 34 (60) 33 (58)
Race
Caucasian 46 (81) 49 (86)
Black/African American 2 (4) 2 (4)
Asian 35 0
Amgncan Indian/Alaskan 0 )
Native
More than one race 4.(7) 4.(7)
Unknown 2(4) 0
Ethnicity
Hispanic or Latinx 12 2(4)
Not Hispanic or Latinx 55 (96) 55 (96)
Unknown 1) 0
Marital Status®
Married 16 (59) 17 (63)
Unmarried relationship 6 (22) 6 (22)
Divorced 2(7) 2(7)
Unknown 3(11) 2 (7)
Education
Some college education 4(7) 9(16)
Four-year college degree 38 (67) 34 (60)
Some post-graduate
education 40 7(12)
Post-graduate/professional 1119 7(12)
degree
Agency
Madison Police Department 33 (58) 31 (54)
Dane County Sheriff’s Office 19 (33) 21 (37)
UW-Madison Police
Department 50 50)
Daily work schedule
1st detail (~0600-1400) 28 (49) 27 (47)
2nd detail (~1200-2000) 4(7) 4(7)
3rd detail (~1400-2200) 18(32) 17 (30)
4th detail (~2000-0400) 4(7) 2 (4)
5th detail (~2200-0600) 3(5) 7(12)
Rank/job responsibilities
Captain 1) 0
Lieutenant 12 2 (4)
Sergeant 4.(7) 7(12)
Detective 12 (21) 9 (16)
Investigator 1) 2(4)
Police Officer 25 (44) 20 (35)
Sheriff’s Deputy 13 (23) 17 (30)
Mean (SD) Mean (SD)
Age 40.2 (7.4) 39.8 (9.3)
Years police experience 13.8(7.9) 14.3 8.9)

Due to rounding, percentages may not total 100%. MT, mindfulness training; WLC,
waitlist control.

aInformation on marital status was collected for participants in Cohort 2 only (n=27 for
each group).

provided with Fitbit Charge 2 activity trackers to assess
heart rate and sleep throughout the week (analysis is ongoing;
see https://osf.io/mqnga). At the end of each workday,
participants completed an in-house “work events log” asking

about exposure and perceived stress for work stressors (Chen
and Grupe, under review). At the conclusion of the week,
participants returned data collection materials in a postage-
paid box.

Randomization

Block randomization to mindfulness training or waitlist control
(stratified by police agency) occurred 1week before classes
began. Seven participant pairs and one group of four participants
were randomized within “mini-strata,” due to overlapping job
responsibilities or to avoid assigning supervisor/supervisee pairs
to the same class.

Intervention

The intervention was an 8-week, 18-h mindfulness-based
training lightly modified from a previous feasibility pilot
study (Grupe et al, 2021a,b). This police-specific training,
inspired by Mindfulness-Based Stress Reduction (MBSR) and
Mindfulness-Based Resilience Training (Christopher et al.,
2016), is intended to promote resilient responses to the
chronic and acute stressors of policing and to support officers’
humanity and well-being. Weekly 2-h classes (and a 4-h
class in week 7) consisted of didactic instruction around
principles of mindfulness, stress, emotions, and scientific
research on mindfulness; embodied practices, including
mindfulness of the breath and body, a body scan, walking
meditation, mindful movement (including adapted yoga or
tai chi), mindfulness of thoughts and emotions, mindful
speaking and listening, mindful eating, and compassion
practice; and inquiry in dyads, triads, or the full group about
participants’ experiences in practice. Adaptations from
traditional MBSR trainings included slightly shorter classes
to better accommodate work schedules, shorter homework
assignments to encourage more frequent if lighter engagement,
language and practices tailored to police work and culture
(and informed by time spent by our instructors with police
officers in and out of work leading up to the classes), and
the inclusion of informal mindfulness practices integrated
into specific aspects of police work. For a curriculum overview,
see Appendix 1 [and for greater discussion of police-specific
adaptations, see Grupe et al. (2021b)].

Participants were provided with guided practices recorded
by instructors and police officers and were encouraged to
practice 6days/week, beginning with 9min/day and eventually
increasing to 20min/day. The instructors offered participants
suggestions for informal mindfulness practices (e.g., “drop-ins”
to present-moment experiences, brief breath manipulations,
and cultivating “mindful pauses”) that they could integrate
into daily activities. Participants were provided with paper and
electronic logs (Appendix 2) to record formal and informal
practice. Similar logs were used to track practice time between
the end of the class and the follow-up assessment; because
not all participants received and utilized these logs, estimates
of practice time over this interval were based on retrospective
practice reporting at follow-up (see “Data Analysis”).
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TABLE 2 | Differences between mindfulness training and waitlist control groups for all outcomes.

Omnibus group*time Group differences at time 2 Group differences at time 3
Measure Ve P Prar n? t df p Prar d t df p Prar d
Component 1: distress 10.21 0.006 - 0.09 -2.96 172.9 0.003 - -0.45 -2.69 176.9 0.008 - -0.41
Perceived stress scale 5.68 0.06 0.09 0.05 -1.62 183.5 0.1 0.18 -0.24 -2.30 187.5 0.02 0.04 -0.34
PTSD checklist 6.20 0.04 0.09 0.05 -2.52 163.2 0.01 0.04 -0.40 -1.44 168.1 0.15 0.20 -0.22
PROMIS anxiety 7.08 0.03 0.09 0.06 -2.27 176.7 0.02 0.05 -0.34 -2.37 180.1 0.02 0.04 -0.35
PROMIS depression 5.42 0.07 0.09 0.05 —1.47 168.6 0.14 0.19 -0.23 -2.34 173.6 0.02 0.04 -0.36
PROMIS fatigue 5.98 0.05 0.09 0.05 —2.01 185.0 0.05 0.10 -0.30 -2.14 188.2 0.038 0.05 -0.31
PROMIS social 0.40 0.82 0.82 0.00 -0.22 178.5 0.82 0.82 -0.03 0.43 182.3 0.67 0.73 0.06
participation
Work limitations 0.91 0.63 0.72 0.01 -0.81 207.4 0.42 0.48 -0.11 0.35 208.4 0.73 0.73 0.05
questionnaire
OLBI exhaustion 8.28 0.02 0.09 0.07 —2.66 177.8 0.008 0.04 -0.40 -2.31 181.5 0.02 0.04 -0.35
Component 2: pain 0.03 0.99 - 0.00 0.07 193.1 0.95 - 0.01 -0.12 195.7 0.90 - -0.02
PROMIS pain intensity 0.00 1.00 1.00 0.00 —0.01 188.2 0.99 0.99 0.00 0.03 191.7 0.98 0.98 -0.00
PROMIS pain 0.06 0.97 1.00 0.00 0.21 197.1 0.83 0.99 0.03 -0.04 199.3 0.97 0.98 -0.01
interference
Component 3: physical 2.82 0.24 - 0.01 0.32 214.9 0.75 - 0.05 1.67 215.0 0.10 - 0.23
health
Health behavior 1.25 0.53 0.53 0.01 0.89 190.2 0.38 0.39 0.13 -0.34 194.0 0.74 0.74 -0.05
checklist
PROMIS physical 2.37 0.31 0.53 0.02 0.86 207.2 0.39 0.39 0.12 1.42 208.2 0.16 0.32 0.20
function
Component 4: police 0.45 0.80 - 0.00 -0.66 171.5 0.51 - -0.10 -0.27 175.3 0.79 - -0.04
stress
Operational PSQ 0.40 0.82 0.90 0.00 -0.60 168.0 0.55 0.64 -0.09 -0.13 172.0 0.90 0.90 -0.02
Organizational PSQ 0.21 0.90 0.90 0.00 -0.46 178.0 0.64 0.64 -0.07 -0.21 181.4 0.83 0.90 -0.03
Component 5: 9.01 0.01 - 0.08 —1.66 186.1 0.10 - -0.25 -2.99 189.3 0.003 - -0.44
disrupted sleep
Pittsburgh sleep quality 413 0.13 0.13 0.04 -0.42 1771 0.67 0.67 —-0.06 -1.98 179.1 0.05 0.05 -0.30
index
PROMIS sleep 9.52 0.009 0.02 0.09 —2.01 197.9 0.05 0.10 -0.29 -2.87 200.1 0.005 0.01 -0.41
disturbances
Cortisol awakening 5.55 0.06 - 0.04 —1.31 187.6 0.19 - -0.20 -2.31 195.3 0.02 - -0.33
response (CAR)
Diurnal cortisol slope 1.25 0.54 - 0.01 -0.75 116.3 0.45 - -0.14 -0.95 125.2 0.34 - -0.17
Hair cortisol 1.03 0.60 - 0.01 0.26 119.7 0.80 - 0.05 1.01 124.7 0.31 - 0.18
concentration
High-sensitivity CRP 2.05 0.36 - 0.02 0.87 161.6 0.38 - 0.14 -0.61 167.0 0.54 - -0.09
Cytokine 3-plex 0.39 0.82 - 0.01 0.49 141.5 0.63 - 0.08 0.49 138.3 0.62 - 0.08
IL-6 1.48 0.48 0.84 0.02 0.77 147.4 0.44 0.77 0.13 1.00 146.3 0.32 0.68 0.17
IL-10 0.46 0.79 0.84 0.01 0.65 126.1 0.52 0.77 0.12 0.42 120.1 0.68 0.68 0.08
TNF-a 0.34 0.84 0.84 0.00 -0.29 138.7 0.77 0.77 -0.05 -0.55 135.1 0.58 0.68 -0.10

Statistics are the results of linear mixed effects models adjusted for baseline scores with covariates of gender, years of police experience, and cohort (year 1/year 2), and additional covariates for biological markers as indicated in
Materials and Methods, and a random intercept for each patrticipant. p.,=false discovery rate-corrected p values within each component measure. PTSD, posttraumatic stress disorder; PROMIS, Patient-Reported Outcomes
Measurement Information System,; OLBI, oldenburg burnout inventory; PSQ, Police Stress Questionnaire; CRE, C-reactive protein; IL, interleukin; and TNF, tumor necrosis factor.
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Data Processing

Self-Report

We collected 18 self-report (sub)scales related to stress and
physical/mental health: the Organizational and Operational
Police Stress Questionnaire (McCreary and Thompson, 2006);
Perceived Stress Scale (Cohen and Williamson, 1988); PTSD
Checklist for DSM-5 (Weathers et al., 2013); eight subscales
from the Patient-Reported Outcomes Measurement Information
System (PROMIS anxiety, depression, fatigue, sleep disturbances,
ability to participate in social roles and activities, physical
function, pain interference, and pain intensity); Pittsburgh Sleep
Quality Inventory (Buysse et al., 1989); Alcohol Use Disorders
Identification Test (AUDIT; Saunders et al., 1993); Oldenburg
Burnout Inventory (Halbesleben and Demerouti, 2005); Health
Behaviors Checklist (HBC; Hampson et al., 2017); and Work
Limitations Questionnaire (Lerner et al., 2002). We obtained
a broad array of self-report outcomes because of the eclectic
nature of MBIs and the relative lack of RCTs on these
interventions in law enforcement populations. In order to limit
the number of comparisons and test the impact of mindfulness
training on broad domains of stress and health, data-driven
reduction of these (sub)scales into five discrete components
was accomplished using principal component analysis (PCA)
in R (see Results).

Biological Outcomes

Salivary Cortisol

Salivettes were centrifuged and samples stored at —80° until
shipment to the lab of Dr. Nicolas Rohleder at Brandeis
University. Salivary cortisol was measured using a commercially
available luminescence immunoassay (CLIA; IBL-Hamburg,
Hamburg, Germany). Intra- and inter-assay coefficients of
variation were 5.61 and 8.64% (2018 cohort) and 5.32 and
8.42% (2019 cohort), respectively. Raw values were
log-transformed, and observations greater than three SDs from
the mean of each sampling time were excluded. The CAR
(CAR) was operationalized as the difference between the greater
of the 30/45-min values and the waking value. Diurnal slope
was operationalized as the difference between the waking and
bedtime values, divided by the number of minutes between
these samples. For days with a negative CAR - suggesting
non-compliance for the waking sample — both the CAR and
slope were excluded (21% of observations across timepoints).
We additionally excluded the 16 nightshift workers (14% of
the sample) from salivary cortisol analyses as we expected
these individuals would demonstrate categorically distinct
diurnal responses.

Hair Cortisol Concentration

Hair cortisol concentration from the 3-cm segment proximal
to the scalp was measured using immunoassay methods in
the lab of Dr. Clemens Kirschbaum at Technische Universitat
Dresden. Samples with no discernable cortisol were assigned
values of 0.15pg/mg (the lower detection limit). Samples with
“supra-physiological” levels of cortisol (operationalized as 3SD
above the mean) were assumed to be contaminated

(Wang et al, 2019) and were excluded (1% of samples).
Log-transformed values were used for analysis.

Inflammatory Markers

Dried blood spot samples were stored at —80° until shipment
to the lab of Dr. Thom McDade at Northwestern University.
CRP was quantified using an updated version of a protocol
previously validated for use with DBS samples (Schmid et al.,
2004). CRP values >10mg/ml were assumed to reflect acute
infection and were removed (1% of samples). The inflammatory
cytokines interleukin (IL)-6, IL-10, and tumor necrosis factor
(TNF)-a were quantified as described in a recent validation
study (McDade et al, 2020). All inflammatory markers were
log-transformed, and a summary measure of the three cytokines
was derived by taking the mean of Z-transformed scores at
each timepoint (normalized to mean baseline values).

Data Analysis

Statistical analyses were conducted in RStudio (Version 1.2.5042;
RStudio Team, 2020) in the R programming environment
(Version 3.6.3; R Core Team, 2020).

Using the “ImerTest” library, we conducted intent-to-treat,
linear mixed effects analyses, including all observations at all
timepoints. Models included baseline scores for each outcome
as a fixed covariate (for salivary cortisol analyses, the within-
subject average across baseline sampling days), a random
intercept, and fixed covariates of gender, years of police
experience, and cohort. Cortisol and DBS analyses additionally
controlled for BMI; cortisol analyses controlled for smoking
status; hair cortisol analyses controlled for hair dye or similar
treatments; and salivary cortisol analyses controlled for workday.
We were unable to model the non-independence of participants
within mindfulness classes, as the small number of classes led
to convergence errors.

The significance of Group*Time interactions (across post-
intervention and follow-up timepoints) was assessed using the
anova.lmerModLmerTest() function to compare models with
and without the interaction term. We also calculated group
differences at post-intervention and follow-up timepoints
individually. We tested for “dose-response” effects by correlating
change scores for each outcome with self-reported practice
minutes during the class. For the follow-up period, we used
retrospective self-report to classify participants as “high
engagement” (>2days of formal practice/week; N=22) or “low
engagement” (<lday of formal practice/week; N=32) and
compared these groups on change scores over the same period.

Pre-registration

Salivary and hair cortisol processing and analysis followed
our Open Science Framework pre-registration' with two
exceptions. First, we adjusted for baseline DV values to
address regression to the mean. Second, we removed the
random slope and nesting for mixed models to remedy
convergence errors (Matuschek et al., 2017). We only report

'https://osf.io/49px2
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here results for intervention effects (Hypotheses 1b, 2b, and
3b). We did not pre-register hypotheses for other outcomes.

RESULTS

Participants Flow and Intervention
Engagement

One participant withdraw following consent and prior to data
collection, leaving 114 participants for intent-to-treat analyses
(Figure 1). Information on demographics and job characteristics
is in Table 1.

Intervention engagement was excellent, with 55/57 participants
completing the mindfulness training. Overall class attendance
was 80.3%, with 53/57 participants attending more than 50%
of the classes. Participants reported a median of 42days of
formal meditation practice over 8 weeks (range=0-55), and a
median of 130 weekly practice minutes (8-week range =0-2,669;
Supplementary Figure S1).

Principal Component Analysis of
Self-Report Data

We used PCA to reduce 18 self-report (sub)scales of stress,
mental health, and physical health into five components with
an eigenvalue cut-off of 1.0. After reviewing item loadings,
we sequentially removed Oldenburg-disengagement and AUDIT
scores, which each loaded <0.40 on all components. The
remaining items each loaded >0.60 on a single component,
and we retained this 16-item, 5-component structure for
subsequent analyses (Supplementary Table S1). These five
components reflected psychological distress/mental health
(Component 1, eight items, and 28% total variance explained),
pain (Component 2, two items, and 11% variance), physical
health (Component 3, two items, and 10% variance),
occupational stress (Component 4, two items, and 12%
variance), and sleep disturbances (Component 5, two items,
and 13% variance).

Effects of Mindfulness Training on
Self-Reported Stress and Health
Outcomes

A significant Group*Time interaction for Component 1 reflected
reduced distress and mental health symptoms following
mindfulness training relative to waitlist control, controlling for
baseline symptoms, cohort, gender, and years of policing [y*(2,
N=10)=10.21, p=0.006, n*=0.09; Figure 2; Table 2]. Improved
mental health and reduced distress were observed immediately
after the 8-week training [#(172.9)=-2.96, p=0.003, d=—-0.45]
and at 3-month follow-up [#(176.9)=—2.69, p=0.008, d=—0.41].
Examination of individual subscales showed significant
Group*Time interactions (uncorrected for multiple comparisons)
for the PTSD Checklist, PROMIS-anxiety, PROMIS-fatigue, and
Oldenburg-exhaustion, with marginal interactions (and significant
group differences at 3-month follow-up only) for the Perceived
Stress Scale and PROMIS-depression (see Table 2 for test
statistics, including corrected/uncorrected p values).

A significant Group*Time interaction was also observed for
Component 5, reflecting improved sleep quality following
mindfulness training relative to waitlist control [y*(2, N=10)=9.01,
p=0.01, 1*=0.08; Figure 2; Table 2]. This difference was not
significant immediately post-training [#(186.1)=—1.66, p=0.10,
d=—-0.25] but was significant at 3-month follow-up [#(189.3)=—2.99,
p=0.003, d=—0.44]. Examination of individual subscales showed
a significant Group*Time interaction for PROMIS-sleep disturbances
but not the Pittsburgh Sleep Quality Inventory, which showed
group differences at 3-month follow-up only (Table 2).

There were no significant Group*Time interactions for pain
[Component 2; y*(2, N=10)=0.03, p=0.99, n*=0.00], physical
health [Component 3; y*(2, N=10)=2.82, p=0.24, n°=0.01], or
occupational stress [Component 4; y*(2, N=10)=0.45, p=0.80,
1*=0.00], and no group differences at post-training (|ts|<0.7,
ps>0.5) or 3-month follow-up (|ts| < 1.3, ps>0.2; Figure 2; Table 2).

We tested for “dose-response” effects by relating formal
practice during the 8-week class with change scores over the
same interval, which revealed no significant relationships with
any self-report components (|rs| <0.24, ps>0.09). High-vs.-low
practice engagement over the 3-month follow-up period was
associated with improved physical health over this interval
[t(52)=-2.35, p=0.02, d=—0.31]. Greater practice was also
associated with a significant increase in occupational stress
over this period [#(52)=2.16, p=0.04, d=0.29]. Practice
engagement was not associated with changes in distress/mental
health, pain, or sleep disturbances (|ts|<1.4, ps>0.1).

Effects of Mindfulness Training on Cortisol
The CAR measured over 3 workdays showed a marginally
significant Group*Time interaction, controlling for baseline
CAR, cohort, gender, years of policing, smoking status, and
BMI [*(2, N=13)=5.55, p=0.06, n*=0.04; Figure 3; Table 2].
There was no significant group difference post-training
[(187.6)=—1.31, p=0.19, d=—0.20], but the mindfulness group
had a significantly lower CAR relative to waitlist control at
follow-up [#(195.3)=—-2.31, p=0.02, d=-0.33].

Greater practice time during the class was associated with
a greater reduction in the CAR between baseline and post-
training assessments [r(43)=-0.34, p=0.02; Figure 3]. CAR
changes between post-training and 3-month follow-up did not
differ as a function of practice engagement over this period
(£(39)=0.49, p=0.63].

Group*Time interactions were not significant for diurnal
cortisol slope [¥*(2, N=13)=1.25, p=0.54, n*=0.01] or hair
cortisol concentration [y*(2, N=13)=1.03, p=0.60, n*=0.01;
Table 2; Supplementary Figure S2]. There were no significant
relationships between formal practice time and changes in
diurnal slope or hair cortisol concentration, either during the
class (|rs| <0.22, ps>0.2) or over the 3-month follow-up interval
(|ts| < 1.4, ps>0.1).

Effects of Mindfulness Training on
Inflammatory Markers

Group*Time interactions were not significant for CRP [y*(2,
N=11)=2.05, p=0.36, n*=0.02], the cytokine 3-plex
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FIGURE 2 | Effects of mindfulness training on self-reported, stress-relevant health outcomes. Standardized scores for each self-report domain identified through
principal component analysis (PCA), plotted separately for mindfulness training (MT), and waitlist control (WLC) groups at baseline (T1), post-training (T2), and
3-month follow-up (T3). Relative to WLC, participants in the MT group had a significant reduction in self-report outcomes related to psychological distress and
mental health symptoms (Component 1; y?=10.2, p=0.006), with group differences evident at T2 and T3 when controlling for scores at T1. A significant
Group*Time interaction was also seen for sleep disruptions (Component 5; y*=9.0, p=0.01), although this difference was significant at T3 only. No other intervention
effects were seen (ps>0.2). Summary statistics are within-group means with 95% Cls.

[¥*(2, N=11)=0.39, p=0.82, 1*=0.02], or any individual cytokines
(all y*<1.5, all ps>0.4; Table 2; Supplementary Figure S3).
There were no significant relationships between formal practice
time and changes in inflammatory markers, either during the
class (|rs| <0.28, ps>0.1) or over the 3-month follow-up interval
(|ts| <2.0, ps>0.06).

DISCUSSION

Adding to a growing literature on the benefits of mindfulness
training for police officers, we found a police-specific, 8-week
MBI led to improvements in psychological distress, mental
health, and subjective sleep quality, with no impact on pain,
physical health, or occupational stress. These results replicate
and extend previous RCTs of mindfulness training for police
officers (Christopher et al., 2018; Trombka et al., 2021), while
demonstrating evidence for persistent (or emergent) self-
reported benefits at 3-month follow-up. A thorough
investigation of the impact of mindfulness training on cortisol
and inflammation revealed a reduced CAR for the mindfulness
group at 3-month follow-up, with no effects for other stress-
related biomarkers.

Our data-driven reduction of 18 self-report indices allowed
us to test the impact of mindfulness training on five domains

of stress and health. Mindfulness training led to significant
reductions in psychological distress and mental health symptoms,
consistent with previous RCTs demonstrating reduced anxiety
and depression symptoms (Trombka et al., 2021), burnout and
perceived stress (Christopher et al.,, 2018), and negative affect
(Krick and Felfe, 2019). We provide the first evidence of reduced
PTSD symptoms in an RCT of mindfulness training for police
officers, consistent with findings from an earlier single-arm
pilot study (Grupe et al, 2021a). This result is notable given
high exposure to direct and vicarious trauma in policing, and
the serious and potentially deadly consequences of unmitigated
trauma exposure for police officers (Syed et al, 2020) and
members of the public (Chemtob et al., 1997; Weiss et al., 2012).

We also observed a modest improvement in sleep quality
with mindfulness training that was significant at 3-month
follow-up (see also Christopher et al., 2018). Improved
sleep may benefit both police officer health and community
well-being. For example, North American police officers
who screened positive for sleep disorders (40% of the
sample) not only had increased rates of diabetes, heart
disease, and depression, but were more likely to express
anger at work, fall asleep while driving, and incur citizen
complaints (Rajaratnam et al., 2011). Future longitudinal
studies, including both laboratory and field outcomes, are
needed to demonstrate whether improved mental health
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and sleep quality lead to persistent and cascading benefits
for police and community well-being.

Mindfulness training was associated with a reduction in
the CAR at 3-month follow-up, consistent with results from
a previous RCT in police officers (Christopher et al., 2018).
Although the CAR is generally thought of as an adaptive
anticipatory response to prepare for the upcoming day
(Powell and Schlotz, 2012), exaggerated responses are
associated with excessive worry, burnout, and depression
(Schlotz et al., 2004; Fries et al., 2009). On the other hand,
an abnormally low CAR - as observed in individuals with
elevated PTSD symptoms (Wessa et al., 2006; de Kloet et al.,
2007), including police officers (Neylan et al., 2005) - also
appears maladaptive, perhaps reflecting increased negative
feedback sensitivity resulting from chronic stressor exposure
(Miller et al., 2007; Violanti et al., 2017b). The modest
effect of mindfulness training here suggests the possibility
of a particular “endophenotype” that may be amenable to
change with mindfulness training (i.e., police officers with
an elevated CAR at baseline), whereas those who show
baseline blunting are less likely to show training effects.

We saw no training effects for diurnal cortisol slope or
hair cortisol concentration. The mixed cortisol results

underscore the complex interactions between chronic stress
and repeated trauma exposure, psychopathology, and time-
varying changes in cortisol dynamics. A seminal meta-analysis
demonstrated that acute stressor exposure leads to elevated
cortisol levels, giving way to blunted responses with the
passage of time (Miller et al., 2007). The same meta-analysis
revealed differential effects for uncontrollable, physical, and
traumatic stressors vs. those that are social in nature and
potentially controllable. Our participants have been exposed
to a broad array of stressors - psychosocial and physical,
acute and chronic, and traumatic and mundane. Our limited
knowledge regarding stressor timing, chronicity, and subjective
impact is an impediment to understanding what kinds of
changes following mindfulness training are possible or would
be considered “beneficial”

We also observed no effects for inflammatory markers. As
with hair cortisol concentration and diurnal cortisol slope,
inflammation has not been investigated in previous studies of
mindfulness training for police officers. Given the relatively large
sample size, these null findings are informative for investigators
considering future studies in this area. A systematic review of
MBI RCTs found some evidence for reductions in pro-inflammatory
markers, particularly CRP, but many null results
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(Black and Slavich, 2016). Intervention effects may be more
pronounced for individuals at elevated risk for systemic
inflammation, such as older adults or those with high BMI
(Villalba et al., 2019), a challenging hypothesis to test in our
relatively young and physically healthy sample. It may
be informative to challenge police officers with a psychosocial
stressor and measure evoked inflammatory responses — and/or
changes in stress hormones and physiology — to test whether
mindfulness training alters dynamic biological stress responses,
rather than baseline levels (Rosenkranz et al., 2013; Johnson
et al, 2014), consistent with a stress buffering hypothesis
(Creswell and Lindsay, 2014).

Improved distress and mental health persisted at 3-month
follow-up, consistent with a previous 8-week MBI in Brazilian
police officers (Trombka et al., 2021) but in contrast to a study
in United States police officers (Christopher et al, 2018). In
addition, sleep improvements and CAR reductions were not
significant until the follow-up assessment. One consideration for
sustained improvements is the degree of continued mindfulness
practice post-intervention. Christopher et al. (2018) reported that
only two of 24 participants endorsed any practice between post-
training and follow-up assessments [Trombka et al. (2021) did
not provide data on practice engagement]. In our study, 43/54
participants assessed at follow-up reported some amount of
practice after the class, with 41% reporting 2 or more weekly
days of practice. Unfortunately, our measure of ongoing practice
engagement was retrospective and rather coarse. A critical direction
for future work is integrating detailed, real-time, and objective
practice measures to illuminate how ongoing meditation practice
may undergird long-term health benefits.

Limitations and Future Directions
One limitation of this study is that the mindfulness group
was descriptively “less healthy” than the control group on
several self-report outcomes at baseline. Although analyses
controlled for baseline scores, which provides better protection
against regression to the mean than difference scores (Vickers
and Altman, 2001), apparent intervention effects may partially
reflect random pre-intervention differences (while a common
practice, testing for significant baseline differences in an RCT
is non-meaningful as any differences by definition occurred
by chance; de Boer et al, 2015). In support of our causal
attribution of differences to the intervention, not all measures
showing baseline differences resulted in post-training
improvements. For example, both groups showed steady increases
in pain through follow-up, and for physical health baseline
differences became more pronounced over time. This could
reflect greater body awareness following mindfulness training,
although this relative worsening was not statistically significant.
Because we wanted to conduct in-person assessments during
participants’ non-work days - and due to staffing limitations,
cancellations, and other pragmatic considerations - the time
window for the “immediate” post-test was up to 4 weeks post-
intervention, and the “3-month” follow-up was nearly 4 months
post-intervention for some participants. Although this range
of testing times may have injected noise into intervention
effects that are time-sensitive, it was unlikely to systematically

bias our results. The two groups did not differ in the average
amount of time between the intervention and post-test, and
the follow-up assessment took place on average 3days later
for the mindfulness group relative to waitlist control - a
difference that should in theory favor the waitlist group, assuming
intervention effects decay over time.

A more substantial limitation is the focus on data collected
directly from officers, and consequent lack of evidence for the
broader impact of this training. This research is predicated
on the assumption that decreased police officer stress and
increased well-being will have ripple effects for communities
of color and marginalized individuals, whose health and safety
are threatened daily by the police institution. While correlational
evidence and laboratory studies provide theoretical support
for this assumption (Kop et al., 1999; Rajaratnam et al., 2011;
Ma et al., 2013; Andersen and Gustafsberg, 2016; Burke, 2020),
without direct empirical evidence we cannot claim any community
benefits for this training. Previous studies with police have
shown reductions in self-reported anger and aggression following
mindfulness training (Christopher et al, 2016, 2018); more
compelling evidence for community benefits may involve data
collected using objective metrics (e.g., administrative or body
camera data on citizen interactions or use of force; Voigt et al.,
2017; Wood et al., 2020), community members reports on
interactions with police officers, or the direct measurement of
stress and health outcomes from community members (Geller
et al, 2014; Smith et al., 2019; Browning et al, 202I;
Muentner et al., 2021).

As we expand this work to consider community impacts,
it is critical that specific outcomes (and broader research
agendas) intended to benefit marginalized communities are
designed collaboratively with these communities (Strand et al.,
2003). To the extent that this research has improved police
officer health and wellness, it is precisely because we have
engaged police agencies in a sustained manner, asked how
this work can benefit them, and designed our training and
research accordingly (Grupe et al, 2021a). To move toward
the goal of greater justice for those whose treatment by policing
has historically been unjust and inequitable, we must similarly
engage marginalized communities throughout the research
process to ensure this work is aligned with their priorities
and values. Through this process, we may learn more about
the limitations of orienting this training around outcomes of
“officer resilience” or “stress reduction” In collaboration with
community members, police agencies, and contemplative teachers
and practitioners, we can work to introduce a more explicit
ethical and prosocial framework, attend to systems of injustice
that do more to perpetuate violence and discrimination than
the actions of individual “bad apples,” and consider the role
of contemplative practices in bringing about transformative
change for individuals and larger systems.
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