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Introduction: Service members are at risk for pain-related difficulties in
functioning and physical injury. Previous studies suggest that mindfulness training
(MT) and yoga may prevent these outcomes. The present study was designed
to determine the impact of MT and yoga on the health, pain, and injury of Army
trainees completing 10 weeks of basic combat training (BCT).

Methods: Platoons (~40 trainees per platoon) were randomized to MT and yoga
or training-as-usual in October to December 2020 at a large installation in the
US. Self-reported outcomes were health, pain level, and pain impact on training,
sleep, mood, and stress. Objective outcomes were injury-related medical
encounters and number of diagnoses. The trial was registered at ClinicalTrials.
Gov (NCT05550610).

Results: Intervention trainees reported significantly better health (OR =1.05, 95%
CI[1.00, 1.10]) and less impact of pain on training (OR = 0.81, 95% CI [0.74, 0.90]),
sleep (OR =0.88, 95% CI [0.81, 0.95]), mood (OR = 0.86, 95% CI [0.78, 0.96]), and
stress (OR = 0.88,95% CI[0.79, 0.98]). There was no significant difference in injury-
related medical encounters (AOR=0.70, 95% CI [0.48, 1.03]), but intervention
trainees had fewer diagnoses (OR = 0.67, 95% CI [0.47, 0.95]) and were 30% less
likely to have a first medical encounter at any time during BCT. This difference
emerged 3 weeks into BCT.

Discussion: A combined MT and yoga intervention resulted in better trainee
health. The US Army and other organizations requiring resilience under extreme
stress should consider implementing MT and yoga to offset risks to employee
health.
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1. Introduction

The military places significant demands on service members to
ensure their physical readiness for completing operational missions;
however, sustained, intense physical activity can lead to injury and pain.
In 2020, 49% of active-duty soldiers experienced a new injury, with
most categorized as musculoskeletal injuries (MSKIs) (U.S. Army
Public Health Center, 2022). Physical injuries are estimated to result in
nearly 2 million medical encounters at treatment facilities and 10
million limited military duty days annually (U.S. Army Public Health
Center, 2022). Furthermore, over 80% of service members with physical
injuries have reported clinically significant levels of pain (Hauret et al.,
2010; McGeary et al., 2016).

The substantial prevalence of injury and pain-related impairment
in the military exerts a toll on service members and presents a
profound risk to organizational readiness. Given that a history of
physical injury increases risk for future injury (Sammito et al., 2021),
preventing injury and effectively managing pain are critical to
sustaining service member health. To this end, the U.S. Army has
utilized a broad range of physical and behavioral protocols designed
to monitor and reduce injuries, including implementing injury
surveillance programs, improving training regimens, and testing the
efficacy of orthotics (Jones et al., 2018; Molloy et al.,, 2020). In addition
to injury prevention, programs designed to address the significant
number of service members experiencing chronic pain from these
injuries requires a resource-intensive interdisciplinary approach from
medical, behavioral, and community providers (Vallerand et al., 2015).
Despite some success with these interventions, injuries and injury-
related pain remain common, underscoring the need for innovative
and scalable approaches within the Department of Defense.

Mindfulness and yoga-based programs offer a novel means of
mitigating the risk of injury and pain. Mindfulness, defined as
“attending to relevant aspects of experience in a nonjudgmental
manner” (Ludwig and Kabat-Zinn, 2008) may benefit musculoskeletal
health and reduce pain through greater awareness of the body and
attention to proper physical alignment. Although the direct
relationship between mindfulness training (MT) and pain severity is
not consistently observed (Hilton et al., 2017), research suggests that
MT enables individuals to function even in the presence of pain
(Reiner et al,, 2013; Hilton et al., 2017). MT may also prevent injury
by improving an individual’s focus on their physical movement and
reducing distractibility (Birrer et al., 2012; Petterson and Olson, 2017).
To date, research on MT in the military has predominantly examined
attention, working memory, emotion regulation, and performance
(Nassifetal., 2021; Hepner et al., 2022); however, little is known about
the effects of MT on injury and pain among service members.

Yoga may also reduce the risk of injury and pain (Tran et al,
2001). Broadly, yoga includes a range of practices that often integrate
physical postures, meditative practices, and spiritual concepts (Tran
etal,, 2001), For the present purposes, we use the term “yoga” to refer
to modern postural yoga programs that focus on physical postures,
breathing techniques, and mindfulness components (Tran et al., 2001).
Yoga interventions can improve strength, endurance, and flexibility in
healthy practicing participants (Tran et al., 2001; Raj et al., 2021).
Randomized controlled trials have also found that yoga reduces pain
in a variety of populations (Nambi et al., 2014; Kim, 2020), including
veterans (Miller et al., 2017), but research has not examined the impact
of yoga on injury and pain among service members. Additionally,
most previous trials have relied on small cohorts (IKim, 2020).
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Given their complementarity of approach, offering MT and yoga
during the same interval may support holistic mind-body health by
bolstering body awareness, reducing distractibility, enhancing
flexibility, and attenuating the effects of pain. Such salutary effects may
prevent injury and help service members maintain functioning.
To investigate this possibility, we selected a venue for program
implementation that ensured structured program delivery. Specifically,
MT and yoga were delivered in tandem during basic combat training
(BCT), a 10-week period of enculturation for newcomers to the
military. We predicted that trainees receiving MT and yoga, compared
to those receiving training-as-usual, would report better health, lower
levels of pain, less frequent pain, less pain-related impact on training,
sleep, mood, and stress, and would result in fewer medical encounters
and injury diagnoses. This study is the first to examine the impact of
MT and yoga on the physical health of service members in an intense
military training environment. Identifying such benefits can directly
inform training recommendations in the military and other physically
demanding occupations where risk of injury is higher.

2. Materials and methods
2.1. Design

Trainees (N=1,896) entering U.S. Army BCT between October
and December 2020 were assigned to platoons (~40 persons), and
platoons were randomized to two conditions. Twenty platoons
received MT and yoga, and 20 platoons received training-as-usual.
Initially, small groups (i.e., residential bays), rather than platoons, were
used as an organizing element in BCT to minimize the risk of infecting
larger numbers of trainees with COVID-19 during the pandemic.
Randomization occurred after trainees were assigned to a residential
bay when they first arrived at BCT. After 3 weeks, these small groups
were reconfigured into larger platoons, keeping assignment to training
condition intact. All participants were briefed prior to study
enrollment. The CONSORT diagram is presented in Figure 1. Trainees
attending BCT at one military installation in the southeastern
United States were eligible for inclusion. Data were excluded from 312
(16.5%) of the 1,896 trainees who participated in the evaluation: 81
did not provide consent for their data to be used for research purposes,
177 could not be matched to condition or had inconsistent
identification data, and 54 had COVID-19 and were relegated to a
separate platoon, leaving a final sample of 1,584 for analysis.

Four surveys were administered over the 10-week BCT period. The
first survey (T1) was administered in the first week of BCT before MT
and yoga began; the second (T2), third (T3), and fourth (T4) surveys
were administered during weeks 4, 6, and 9, respectively. Survey
completion was voluntary; there was no financial compensation for
study participation. The evaluation was approved by the Walter Reed
Army Institute of Research Human Research Protection Branch, and
registered at ClinicalTrials. Gov, Identifier: NCT05550610. Non-physical
health outcomes assessed through this evaluation are reported elsewhere.

2.2. Intervention
The mindfulness training component was delivered via a 4-week,

8-h intervention developed for military personnel referred to as
Mindfulness-Based Attention Training (MBAT) (Jha et al., 2020).
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Assessed for eligibility
Enrollment (k platoons = 40, 1 = 1,896)
Excluded (n = 312)
« Did not provide consent for data to be
P used for research purposes (n = 81)
« Unable to match data (n = 177)
« Positive for COVID-19 (n = 54)
Randomized
(k=40,n=1,584)
Allocation and Allocated to MT and Yoga Intervention (n = 813) Allocated to Training-as-Usual Condition (n = 771)
Bogelfive () « Received allocated intervention (k = 20, n = 813) « Received allocated intervention (k = 20, n = 771)
« Did not receive allocated intervention (k = 0, n = 0) « Did not receive allocated intervention (k = 0, n = 0)
Uizl Received Training
Administration
Follow-up (T2) Lost to follow-up/unmatched data (k = 0, n = 0) Lost to follow-up/unmatched data (k = 0,n = 0)
Follow-up (T3) Lost to follow-up/unmatched data (k = 0, n = 44) Lost to follow-up/unmatched data (k = 0, n = 42)
Follow-up (T4) Lost to follow-up/unmatched data (k = 0, n = 122) Lost to follow-up/unmatched data (k = 0, n = 129)
Completed All Phases Completed All Phases (k = 20, n = 691) Completed All Phases (k = 20, n = 642)
FIGURE 1

CONSORT diagram

Participants received weekly 2-h MBAT sessions during the first 4
weeks of BCT. There was a new topic each week: breath awareness
and focused attention skills, body awareness, open monitoring, and
interpersonal connection. The MBAT course material encouraged
participants to engage in impromptu mindfulness practice
throughout the day. Six days a week throughout BCT, participants
also listened together as a platoon to a 15-min audio recording as part
of an evening mindfulness practice. MBAT was delivered by 10
civilians with graduate degrees in the field of performance
psychology. They were trained to deliver MBAT by completing 26 h
of training over the course of 12 weeks (Jha et al., 2020). There were
two MBAT instructors assigned to each platoon. When the
intervention platoons were engaging in MBAT-related activities,
trainees in the training-as-usual platoons were directed to study their
BCT materials.

The yoga component of the intervention consisted of hatha yoga
postures (Tran et al., 2001). The program was based on conventional
hatha yoga postural sequences selected by a yoga expert. These
postures were taught prior to and immediately after daily physical
training every morning, 6 days a week, for a total of 3h per week.
This process was provided in place of the Army’s traditional
preparatory and recovery drills and required the same amount of
training time. In preparatory drills, yoga postures such as sun
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salutations, crescent lunge and eagle pose were selected to engage
major muscle groups. In recovery drills, yoga postures such as gate
pose, reverse plank, and bridge pose were selected to release tension
in major muscle groups. Yoga training sessions were taught by one
yoga instructor per platoon. Drill Sergeants who had received
familiarization training circulated to offer postural corrections. In
all, there were 21 yoga instructors, all of whom were registered yoga
teachers with at least 200h and 2 years of teaching practice. The
yoga instructors completed 8h of training specific to the study
curriculum and had to demonstrate their competency with the
material. When the intervention platoons were engaging in yoga,
trainees in the training-as-usual platoons were engaging in
traditional preparatory and recovery drills, which include
calisthenics for warming up and stretching for cooling down.

2.3. Measures

2.3.1. Overall health

Self-reported overall health was measured with a single item
from the SF-8 Health Survey (Ware et al., 2001) “Overall, in the
past 2 weeks, how would you rate your health?” using response
options from poor (0) to excellent (5) (Jones et al., 2018). The SF-8
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is a widely used and validated self-report measure for
overall health.

2.3.2. Pain level

Pain level was assessed with a single item assessed using 11
response options adapted from existing measures (Hjermstad et al.,
2011): “In the past 2 weeks, what has been your level of physical pain?”
using responses options from no pain (0) to severe pain (10) (Reiner
etal, 2013). Studies demonstrate that 11-point numeric rating scales
are reliable and valid methods for measuring pain in a variety of
settings (Hjermstad et al., 2011).

2.3.3. Pain frequency

Pain frequency was measured with a single item developed by
Toblin et al. (2014). The item, “In the past 2weeks, how often have
you experienced physical pain?” was rated on a 5-point scale from not
at all/a few days (1) to constantly (5) (Jones et al., 2018). This approach
to measuring pain frequency is consistent with similar measures
validated in previous research (dela Cruz et al,, 2014).

2.3.4. Pain-related impact

Trainees were asked the degree to which their pain has impacted
training, sleep, mood and stress using four items from the validated
Defense and Veterans Pain Rating Scale (DVPRS) (Buckenmaier
et al,, 2013). Trainees rated how much pain interfered with their
training and sleep with response options from does not interfere (0)
to completely interferes (10) (Reiner et al., 2013), how much pain
affected their mood with response options from does not affect (0)
to completely affects (10) (Reiner et al., 2013), and how much pain
contributed to their stress with response options from does not
contribute (0) and contributes a great deal (10) (Reiner etal., 2013).

2.3.5. Injury-related medical encounters and
diagnoses

Medical encounter and diagnostic data were obtained through the
Army’s Soldier Performance, Health, and Readiness (SPHERE) data
repository. The SPHERE contains Army medical encounter data and
has been used extensively in previous research (Amoroso et al., 2000;
Bulzacchelli et al,, 2014). Medical encounters were documented when
trainees sought help from medical providers at a military treatment
facility or other facility where they used their military medical
insurance. Encounters during the trainee’s time in BCT were defined
using International Classification of Diseases (ICD)-10 diagnoses
related to injury. SPHERE data included date of the encounter and
ICD-10 diagnoses, which were used to categorize injuries by type and
location (Roy et al., 2022).

2.4. Statistical analysis

We used linear mixed models to examine how condition, time,
and time-by-condition interactions explained variance in
outcomes while accounting for systematic variance attributable to
platoon. Binomial generalized linear mixed models were
conducted to estimate adjusted odds ratios (AORs) for condition-
wise differences in injury, injury type, and injury region. Poisson
generalized linear mixed models were used to examine condition-
wise differences in the frequency of injury-related medical
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encounters and number of injury diagnoses. Multilevel models
were estimated using restricted maximum likelihood with bound
optimization by quadratic approximation, and nested time within
trainee, and trainees within platoons. Finally, a Cox proportional-
hazards model was used to examine time to first injury-related
medical encounter by condition.

Across conditions and time points, missing data ranged from 7.0%
(overall health), to 8.0% (pain level). Missing observations were
handled using listwise deletion for each model. Analyses were
conducted in R v.4.1.0 (R Core Team, 2021). Multilevel models were
estimated using the “lme4” package (Bates et al., 2015).

3. Results
3.1. Participants

Participants reflected a typical cohort of BCT trainees: 1,189
(75.1%) were between the ages of 18 and 24, and 1,142 (72.2%) were
male. No significant baseline differences were found between
conditions by age group, x*(3)=0.32, p=0.956, or by gender,
%2(1)=<0.01, p=>0.999.

3.2. Self-reported health and pain

Summary statistics for measures of self-reported overall health, pain
level, pain frequency, the perceived relationship between pain and
training, sleep, mood, and stress are presented in Table 1 by time and
condition. Table 1 also reports regression coefficients, p values, and odds
ratios for multilevel time-by-condition interactions for each outcome.

3.2.1. Overall health

Across time and condition, trainees reported a mean score
between 3 and 4, indicating “good” to “very good” health. Whereas
mean overall health scores remained stable in the MT and yoga
condition, changing by just 0.01 from Time 1 to Time 4, there was a
mean decrease of 0.17 in the training-as-usual condition. The
significant time-by-condition interaction for overall health scores
indicated a difference in slopes by condition, such that self-reported
overall health worsened in the training-as-usual condition relative to
the MT and yoga condition.

3.2.2. Pain level and frequency

Self-reported pain levels ranged between 2 and 4 among trainees,
indicating a low to moderate level of pain. Pain increased by a mean
of 0.28 in the MT and yoga condition and a mean of 0.60 in the
training-as-usual condition. The time-by-condition interaction
demonstrated that pain increased more in the training-as-usual
condition compared to the MT and yoga condition; however, the
condition-wise difference was not significant (see Table 1). Similarly,
mean scores for self-reported frequency of pain hovered around 2,
indicating that most trainees experienced pain several days per week
across time and condition. Mean scores for pain frequency increased
by 0.24 in the MT and yoga condition and by 0.34 in the training-as-
usual condition from Time 1 to Time 4. The time-by-condition
interaction indicated no significant difference in pain frequency over
time by condition.
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TABLE 1 Overall health, pain level, pain frequency, and pain interference by time and condition.

Condition
MT and yoga Training-as-usual
Time2 Time3 Time2 Time3 Multilevel time-by-
condition interaction
Variable M (SD) M (SD) M (SD) M (SD) Jo) (@]
[95%
Cl]
Overall health | 3.58 (1.04) | 3.47(1.03) = 3.51(1.00) = 3.59(1.07) | 3.55(1.01) | 3.34(1.00) = 3.37(1.00) = 3.38(1.08) 0.05 0.034 1.05 [1.00,
1.10]
Pain level 259(2.36) | 3.64(2.24)  3.03(2.30) 2.87(238) | 2.38(2.17) | 3.55(220) @ 3.11(231) 2.98(2.57) —0.12 0.078 0.88 [0.77,
1.01]
Pain frequency | 1.77(1.20) | 2.39(1.37) | 2.11(1.32) 201(1.24) | 169 (1.13) = 2.38(1.35) = 2.19(1.30) = 2.03(1.25) —0.03 0.268 0.97 [0.92,
1.02]
Pain interfering =~ 1.83 (2.45) | 2.18 (2.44) = 1.70(2.30) = 1.45(2.13) = 1.57(2.25) 2.12(2.38) | 2.00(2.38) = 1.77 (2.33) —0.21 <0.001 0.81 [0.74,
with training 0.90]
Pain interfering = 0.95(1.95) = 1.41(2.28) | 128(2.16) 124(2.07) | 081(1.79) 1.26(2.15) 1.46(2.24)  1.45(2.29) —0.13 0.002 0.88 [0.81,
with sleep 0.95]
Pain affecting 1.66 (2.49) | 2.09(257) 1.81(246) 1.61(2.31) @ 141(229) 2.04(2.58) @ 193(2.52) 1.80(2.51) —0.15 0.010 0.86 [0.78,
mood 0.96]
Pain 2,14 (2.86) | 235(2.93) | 1.96(2.73)  1.69(2.52) | 1.87(2.67) | 2.30(2.85) & 2.09(2.71) | 1.78(2.59) —0.13 0.029 0.88 [0.79,
contributing to 0.98]
stress

Regression coefficients and odds ratios derived from three-level multilevel linear regression models predicting each outcome from time, condition, time-by-condition interaction, and random

effects terms for uncorrelated intercepts and slopes with time nested within soldier, and soldier nested within platoon.

3.2.3. Pain-related impact

Means for self-reported pain-related impact on training, sleep,
mood, and stress ranged from around 1 to 2 across measures, time
points, and conditions, indicating that pain had a low level of impact
on each of these outcomes. Mean pain-related interference in training
decreased by 0.38 in the MT and yoga condition from Time 1 to Time
4, but increased by 0.20 in the training-as-usual condition. Mean pain-
related interference with sleep increased by 0.29 in the MT and yoga
condition over the course of BCT, and by 0.64 in the training-as-usual
condition. Mean pain-related effect on mood decreased by 0.05 in the
MT and yoga condition from Time 1 to Time 4, but increased by
0.39 in the training-as-usual condition. Lastly, mean pain-related
contribution to stress decreased by 0.45 in the MT and yoga condition
from Time 1 to Time 4, but only by 0.09 in the training-as-usual
condition. There was a significant time by condition interaction for
each of the pain-related variables.

3.3. Injury-related outcomes

3.3.1. Injury-related medical encounters

Frequencies of injury types and injury regions by condition are
presented in Table 2. Across conditions, 38.6% of trainees (n=612),
or more than one in three trainees, had at least one injury-related
medical encounter over the course of BCT. Trainees in MT and yoga
were 18.4% less likely to have had at least one injury-related medical
encounter compared to training-as-usual, }*(1)=9.99, p=0.002.
After accounting for clustering by platoon with binomial
generalized multilevel modeling, MT and yoga trainees did not
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significantly differ in the number of injury-related medical
encounters compared to training-as-usual; b=-0.35, SE=20,
p=0.073, CI [95%]=0.70 [0.48, 1.03]. Additionally, Poisson
generalized multilevel modeling found that there was no significant
difference in the frequency of injury-related medical encounters
between conditions; b=—-0.28, SE=0.15, p=0.055, CI [95%] =0.75
[0.56, 1.01].

3.3.2. Injury-related diagnoses

In terms of injury diagnoses, most injury diagnoses made
across all trainees were pain diagnoses (n=1,167, 76.4%) and
located in the lower extremities (n=1,268, 83.0%); injury type
and injury region did not differ as a function of condition
(Table 2). After accounting for clustering by platoon, Poisson
generalized multilevel modeling demonstrated that trainees in
MT and yoga had significantly fewer diagnoses compared to
training-as-usual, b=—0.40, SE=0.18, p=0.026, CI [95%] = 0.67
[0.47, 0.95].

3.3.3. Time to first medical encounter

The conditional Cox proportional-hazards model examined
whether trainees differed in their likelihood of a medical encounter as
a function of time. Findings from this model revealed a significant
difference by condition, b=0.26, SE=0.08, p <0.001. The hazard ratio
for condition was 1.30 (95% CI=1.11, 1.52), indicating that trainees
in the training-as-usual condition were 30% more likely than trainees
in MT and yoga to have had at least one injury-related medical
encounter at any time over the course of BCT. A visual assessment of
the inverted Kaplan-Meier survival curve (Figure 2) shows that the
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TABLE 2 Injury-related medical encounters, injury type, and injury region by condition.

Variable

One or more injury-related medical encounters®

Total (n =1,584)

N (percent)

612 (38.6%)

MT and yoga

(n=813)

N (percent)

283 (34.8%)

Condition

(n=771)

N (percent)

329 (42.7%)

10.3389/fpsyg.2023.1214039

Training-as-usual

AOR [95% ClI]

0.70 [0.48, 1.03]

Number of injury-related medical encounters per

0.75[0.56, 1.01]

trainee®
0 972 (61.4%) 530 (65.2%) 442 (57.3%)
1 361 (22.8%) 181 (22.3%) 180 (23.3%)
2 157 (9.9%) 59 (7.3%) 98 (12.7%)
3 61 (3.9%) 28 (3.4%) 33 (4.3%)
4 or more 33(2.1%) 15 (1.8%) 18 (2.3%)

Number of injury-related diagnoses per trainee® 0.67 [0.47, 0.95]
0 972 (61.4%) 530 (65.2%) 442 (57.3%)
1 229 (14.5%) 131 (16.1%) 98 (12.7%)
2 163 (10.3%) 71 (8.7%) 92 (11.9%)
3 72 (4.5%) 27 (3.3%) 45 (5.8%)
4 73 (4.6%) 22 (2.7%) 51 (6.6%)
5 or more 75 (4.7%) 32 (3.9%) 43 (5.6%)

Injury type*
Pain 1,167 (76.4%) 500 (77.2%) 667 (75.9%) 1.03 [0.73, 1.45]
Tendonitis/bursitis 41 (2.7%) 14 (2.2%) 27 (3.1%) 0.67 [0.31, 1.46]
Strain 41 (2.7%) 21 (3.2%) 20 (2.3%) 1.44 [0.76, 2.73]
Fracture 31 (2.0%) 13 (2.0%) 18 (2.0%) 1.18 [0.44, 3.16]
Sprain 26 (1.7%) 11 (1.7%) 15 (1.7%) 1.03 [0.44, 2.40]
Open wound 5(0.3%) 1(0.2%) 4(0.5%) 0.34, [0.04, 3.03]
Dislocation 3(0.2%) 1(0.2%) 2(0.2%) 1.10 [<0.01, 551.0]
Cold weather-related 3(0.2%) 1(0.2%) 2(0.2%) 0.68 [0.06, 7.49]
Traumatic brain injury 2(0.1%) 1(0.2%) 1(0.1%) 1.36 [0.08, 21.74]

Other/not specified

208 (13.6%)

85 (13.1%)

123 (14.0%)

1.00 [0.63, 1.57]

Injury region®

Lower extremity

1,268 (83.0%)

523 (80.7%)

745 (84.8%)

0.75[0.49, 1.15]

Spine 99 (6.5%) 47 (7.3%) 52 (5.9%) 1.28 [0.75, 2.17]
Upper extremity 94 (6.2%) 44 (6.8%) 50 (5.7%) 1.14 [0.57, 2.30]
Torso 19 (1.2%) 11 (1.7%) 8 (0.9%) 1.92 [0.70, 5.32]
Head and neck 7 (0.5%) 2(0.3%) 5 (0.6%) 0.52 [0.07, 4.08]
Unspecified 25 (1.6%) 12 (1.9%) 13 (1.5%) 1.26 [0.57,2.77]
Other/not specified 15 (1.0%) 9 (1.4%) 6 (0.7%) 2.17[0.51, 9.32]

Percentages reported as a total of valid responses. Higher AORs across outcomes reflect greater likelihood of medical encounter or injury in the training-as-usual condition.
*AORs for one or more medical encounters (dichotomized), injury type, and injury region derived from binomial generalized multilevel model predicting dichotomized outcomes with soldiers

nested by platoon.

PAORs for number of injury-related medical encounters and number of injury diagnoses derived from Poisson generalized multilevel models predicting dichotomized outcomes with soldiers

nested by platoon.

proportion of trainees who had a first medical encounter began to
diverge by condition between weeks 3 and 4 of BCT. Moreover, the
proportion of trainees who had a medical encounter were significantly

different by condition at the end of week 5, and remained so through

the end of BCT.
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4. Discussion

This study is the first to examine the effects of MT and yoga on the

physical health of military service members. Results demonstrated

that MT and yoga prevented a decline in self-reported overall health,
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attenuated the impact of pain on training, sleep, mood and stress, and
reduced the likelihood of having an injury-related medical encounter
for trainees at BCT, compared to training-as-usual. These findings
align with previous reports that MT and yoga can benefit physical
health (Tran et al., 2001; Birrer et al., 2012; Petterson and Olson, 2017;
Raj et al., 2021).

In the case of pain, our findings demonstrated that while there
were no significant differences in pain intensity levels over time by
condition, military trainees appeared to benefit from MT and yoga in
terms of how pain impacted them, a potentially relevant benefit given
that the average pain rating was mild to moderate throughout
BCT. These findings are consistent with previous studies that have
suggested MT and yoga may reduce the degree to which pain
interferes with functioning (Reiner et al., 2013; Nambi et al., 2014;
Hilton et al., 2017; Kim, 2020). Given the emphasis on present-
centered sensory awareness in mindfulness and yoga practices, the
intervention may have helped trainees observe their discomfort
without emotional reactivity, have greater awareness of their body in
ways that helped them avoid injury, and use mindfulness practices and
yoga postures that alleviated discomfort so that pain did not distract
them from training, interfere with their sleep, disrupt their mood, or
compound their stress.

Study results regarding medical encounters offer a nuanced
pattern of findings. The most conservative statistical models
demonstrated no overall significant difference between conditions
with respect to the likelihood and frequency of injury-related medical
encounters during BCT. However, trainees in the training-as-usual
condition had significantly more injury diagnoses than trainees
receiving MT and yoga, possibly suggesting the injuries may have
been more complex. These results are consistent with previous studies
demonstrating the impact of MT and yoga on injury prevention and
physical well-being (Birrer et al., 2012; Petterson and Olson, 2017).
Potential mechanisms of action underlying the observed injury results
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could include both physical and psychosomatic elements. For
example, yoga is known to improve flexibility (Tran et al., 2001; Raj
et al, 2021) and balance (Polsgrove et al., 2016), which may have
prepared trainees in the intervention condition for the physical
demands of BCT more than those receiving training-as-usual.
Additionally, trainees receiving MT and yoga may have had fewer
injury diagnoses because they were impacted less by pain than trainees
in the training-as-usual condition, and thus, did not formally report
as many medical concerns.

An analysis of the first injury-related medical encounter over time
found that there was a 30% greater hazard of injury among MT and
yoga relative to training-as-usual. Furthermore, the inverted Kaplan-
Meier curves illustrate that the two conditions diverged at
approximately 3 weeks, and this divergence was maintained through
the remainder of BCT. The timing of this divergence is useful to
consider. Previous research has indicated that physical health benefits
require more than 2 weeks of MT (Cruze and Games, 2021) and
several weeks of yoga practice (Park et al., 2020), suggesting that the
benefits from the MT and yoga intervention also required weeks
of practice.

Study strengths include a real-world occupational setting with
subjective and objective outcomes. It is notable that results for
subjective outcomes (self-reported health and pain-related impact)
were corroborated by objective data that showed a meaningful
condition-wise difference in injury-related medical encounters over
the 10 weeks of BCT and a significant difference in the number of
injury-related diagnoses between conditions. Study constraints
include not being able to disentangle selective or additive effects of the
two components of the intervention condition and not being able to
determine mechanisms of effect. While this study did not examine
causal mechanisms, future research may benefit from a multi-armed
evaluation of intervention components and assessment of mitigating
mechanisms. Such mechanisms could include the degree to which MT
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and yoga interventions contribute to strength, flexibility, body
awareness, and emotion regulation (Tran et al., 2001; Busch et al,,
2012; Veehof et al., 2016; Schmid et al., 2019; Raj et al., 2021).

Future research should also assess the effects of a MT and yoga
intervention beyond BCT and identify ways to support the
continuation of mindfulness and yoga practice once trainees have
joined their first unit of assignment where group schedules may be less
explicitly structured. Building on studies demonstrating the impact of
practice on study outcomes, future research should consider
optimizing practice engagement in an occupational setting (Blanck
et al., 2018; Denkova et al., 2020, 2021; Nassif et al., 2021). Such
studies can also examine the scope of effort required to sustain the
benefits of MT and yoga in these settings. Given the potential
resources that would be involved in a larger roll out of this kind of
program, it would be important to evaluate methods for streamlining
implementation, optimizing effects over time, and determining the
cost-benefit of the investment.

Data availability statement

The datasets presented in this article are not readily available
because of institutional regulations related to human participant
protection requirements but can be made available from the
corresponding author upon reasonable request (may require data use
agreements to be developed). Requests to access the datasets should
be directed to CS, carl.d.smith179.mil@health.mil.

Ethics statement

The studies involving humans were approved by Walter Reed
Army Institute Human Subjects Protections Branch. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

CS led the article writing, with substantial contributions and edits
from TN, IG, AJ, and AA. IG conducted statistical analyses. KJ and
KT provided support regarding data collection and analysis. All
authors provided feedback on the final draft of the manuscript.

References

Amoroso, P. J., Bell, N. S., Smith, G. S., Senier, L., and Pickett, D. (2000).
Viewpoint: a comparison of cause-of-injury coding in U.S. military and
civilian hospitals. Am. J. Prev. Med. 18, 164-173. doi: 10.1016/
S0749-3797(99)00176-2

Bates, D., Machler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-effects
models using Ime 4. J. Stat. Software 67:48. doi: 10.18637/jss.v067.i01

Birrer, D., Réthlin, P.,, and Morgan, G. (2012). Mindfulness to enhance athletic
performance: theoretical considerations and possible impact mechanisms. Mindfulness
3, 235-246. doi: 10.1007/s12671-012-0109-2

Blanck, P, Perleth, S., Heidenreich, T., Kroger, P,, Ditzen, B., Bents, H., et al. (2018).
Effects of mindfulness exercises as stand-alone intervention on symptoms of anxiety and
depression: systematic review and meta-analysis. Behav. Res. Ther. 102, 25-35. doi:
10.1016/j.brat.2017.12.002

Frontiers in Psychology

10.3389/fpsyg.2023.1214039

Funding

This effort was funded by the Training and Doctrine Command and
Military Operational Medicine Research Program, United States Army.

Acknowledgments

We thank Paul E. Funk II, Kevin Bigelman, Yvonne Allard,
Antonio Best, Stephanie Bricault, Sidhartha Chaudhury, Jaesarr De
Guzman, Gery Denniswara, Alexis Dixon, Richard Gonzales, Joy
Hocut, Na Hyun Lee, Peter Mikoski, and Scott Rogers for their
research support.

Conflict of interest

AJ is co-author and a copyright holder of the Mindfulness-Based
Attention Training (MBAT) Program.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Author disclaimer

Material has been reviewed by the Walter Reed Army Institute
of Research. There is no objection to its presentation and/or
publication. The opinions or assertions contained herein are the
private views of the author, and are not to be construed as official,
or as reflecting true views of the Department of the Army or the
Department of Defense. The investigators have adhered to the
policies for protection of human subjects as prescribed in
AR 70-25.

Buckenmaier, C. C. 3rd, Galloway, K. T., Polomano, R. C., McDuffie, M., Kwon, N.,
and Gallagher, R. M. (2013). Preliminary validation of the defense and veterans pain
rating scale (DVPRS) in a military population. Pain Med. 14, 110-123. doi:
10.1111/j.1526-4637.2012.01516.x

Bulzacchelli, M. T., Sulsky, S. I., Rodriguez-Monguio, R., Karlsson, L. H., and
Hill, M. O. (2014). Injury during U.S. Army basic combat training: a systematic review
of risk factor studies. Am. J. Prev. Med. 47, 813-822. doi: 10.1016/j.amepre.2014.08.008

Busch, V., Magerl, W,, Kern, U, Haas, ]., Hajak, G., and Eichhammer, P. (2012). The effect
of deep and slow breathing on pain perception, autonomic activity, and mood processing—
an experimental study. Pain Med. 13, 215-228. doi: 10.1111/j.1526-4637.2011.01243.x

Cruze, E., and Games, K. E. (2021). Mindfulness Training's effect of pain outcomes in

musculoskeletal pain: a systematic review. J. Sports Med. Allied Health Sci. Off. . Ohio
Athletic Trainers Assoc. 7, 1-13. doi: 10.25035/jsmahs.07.02.01

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1214039
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
mailto:carl.d.smith179.mil@health.mil
https://doi.org/10.1016/S0749-3797(99)00176-2
https://doi.org/10.1016/S0749-3797(99)00176-2
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/s12671-012-0109-2
https://doi.org/10.1016/j.brat.2017.12.002
https://doi.org/10.1111/j.1526-4637.2012.01516.x
https://doi.org/10.1016/j.amepre.2014.08.008
https://doi.org/10.1111/j.1526-4637.2011.01243.x
https://doi.org/10.25035/jsmahs.07.02.01

Smith et al.

dela Cruz, A. M., Bernstein, I. H., Greer, T. L., Walker, R., Rethorst, C. D.,
Grannemann, B., et al. (2014). Self-rated measure of pain frequency, intensity, and
burden: psychometric properties of a new instrument for the assessment of pain. J.
Psychiatr. Res. 59, 155-160. doi: 10.1016/j.jpsychires.2014.08.003

Denkova, E., Barry, J., Slavin, L., Zanesco, A. P,, Rogers, S. L., and Jha, A. P. (2021).
Investigating the impact of peer-trainer delivered mindfulness training on cognitive
abilities and psychological health. Mindfulness 12, 2645-2661. doi: 10.1007/
s12671-021-01713-6

Denkova, E., Zanesco, A. P, Rogers, S. L., and Jha, A. P. (2020). Is resilience trainable?
An initial study comparing mindfulness and relaxation training in firefighters. Psychiatry
Res. 285:112794. doi: 10.1016/j.psychres.2020.112794

Hauret, K. G., Jones, B. H., Bullock, S. H., Canham-Chervak, M., and Canada, S. (2010).
Musculoskeletal injuries description of an under-recognized injury problem among
military personnel. Am. J. Prev. Med. 38, S61-S70. doi: 10.1016/j.amepre.2009.10.021

Hepner, K. A,, Litvin Bloom, E., Newberry, S., Sousa, J. L., Chan Osilla, K., Booth, M.,
et al. The impact of mindfulness meditation programs on performance-related outcomes:
Implications for the U.S. Army. RAND Corporation: Santa Monica, CA; (2022).

Hilton, L., Hempel, S., Ewing, B. A., Apaydin, E., Xenakis, L., Newberry, S., et al.
(2017). Mindfulness meditation for chronic pain: systematic review and Meta-analysis.
Ann. Behav. Med. 51, 199-213. doi: 10.1007/s12160-016-9844-2

Hjermstad, M. J., Fayers, P. M., Haugen, D. E, Caraceni, A., Hanks, G. W,, Loge, . H.,
etal. (2011). Studies comparing numerical rating scales, verbal rating scales, and visual
analogue scales for assessment of pain intensity in adults: a systematic literature review.
J. Pain Symptom Manag. 41, 1073-1093. doi: 10.1016/j.jpainsymman.2010.08.016

Jha, A. P, Zanesco, A. P, Denkova, E., Morrison, A. B., Ramos, N., Chichester, K., et al.
(2020). Bolstering cognitive resilience via train-the-trainer delivery of mindfulness
training in applied high-demand settings. Mindfulness 11, 683-697. doi: 10.1007/
s12671-019-01284-7

Jones, B. H., Hauschild, V. D., and Canham-Chervak, M. (2018). Musculoskeletal
training injury prevention in the U.S. Army: evolution of the science and the public
health approach. J. Sci. Med. Sport 21, 1139-1146. doi: 10.1016/j.jsams.2018.02.011

Kim, S. D. (2020). Twelve weeks of yoga for chronic nonspecific lower Back pain: a
Meta-analysis. Pain Manag. Nurs. 21, 536-542. doi: 10.1016/j.pmn.2020.07.002

Ludwig, D. S., and Kabat-Zinn, J. (2008). Mindfulness in medicine. JAMA 300,
1350-1352. doi: 10.1001/jama.300.11.1350

McGeary, C. A., McGeary, D. D., Moreno, J., and Gatchel, R. J. (2016). Military chronic
musculoskeletal pain and psychiatric comorbidity: is better pain management the
answer? Healthcare (Basel). 4:38. doi: 10.3390/healthcare4030038

Miller, S., Gaylord, S., Buben, A., Brintz, C., Rae Olmsted, K., Asefnia, N, et al. (2017).
Literature review of research on chronic pain and yoga in military populations.
Medicines (Basel) 4, 1-11. doi: 10.3390/medicines4030064

Molloy, J. M., Pendergrass, T. L., Lee, I. E., Chervak, M. C., Hauret, K. G., and
Rhon, D. L. (2020). Musculoskeletal injuries and United States Army readiness part I:
overview of injuries and their strategic impact. Mil. Med. 185, el461-e1471. doi:
10.1093/milmed/usaa027

Nambi, G. S., Inbasekaran, D., Khuman, R., Devi, S., and Shanmugananth, J. K. (2014).
Changes in pain intensity and health related quality of life with Iyengar yoga in
nonspecific chronic low back pain: a randomized controlled study. Int. J. Yoga 7, 48-53.
doi: 10.4103/0973-6131.123481

Frontiers in Psychology

09

10.3389/fpsyg.2023.1214039

Nassif, T. H., Adrian, A. L., Gutierrez, I. A., Dixon, A. C., Rogers, S. L., Jha, A. P, etal. (2021).
Optimizing performance and mental skills with mindfulness-based attention training: two field
studies with operational units. Mil. Med. 188, €761-e770. doi: 10.1093/milmed/usab380

Park, J., Krause-Parello, C. A., and Barnes, C. M. (2020). A narrative review of
movement-based mind-body interventions: effects of yoga, tai chi, and qigong for Back
pain patients. Holist. Nurs. Pract. 34, 3-23. doi: 10.1097/HNP.0000000000000360

Petterson, H., and Olson, B. L. (2017). Effects of mindfulness-based interventions in
high school and college athletes for reducing stress and injury, and improving quality of
life. J. Sport Rehabil. 26, 578-587. doi: 10.1123/jsr.2016-0047

Polsgrove, M. J., Eggleston, B. M., and Lockyer, R. J. (2016). Impact of 10-weeks of
yoga practice on flexibility and balance of college athletes. Int. J. Yoga 9, 27-34. doi:
10.4103/0973-6131.171710

Raj, T., Hamlin, M. J., and Elliot, C. A. (2021). Association between hamstring
flexibility and Sprint speed after 8 weeks of yoga in male Rugby players. Int. J. Yoga 14,
71-74. doi: 10.4103/ijoy.JJOY_79_20

R Core Team (2021). R: A Language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing. Available at: https://www.R-project.org

Reiner, K., Tibi, L., and Lipsitz, J. D. (2013). Do mindfulness-based interventions
reduce pain intensity? A critical review of the literature. Pain Med. 14, 230-242. doi:
10.1111/pme.12006

Roy, T. C,, Richardson, M. D, Ritland, B. M., Cushing, R. E., and Nguyen, V. T. (2022).
The occupational military Neuromusculoskeletal injury matrix. Mil. Med. 187, e889-
€897. doi: 10.1093/milmed/usab300

Sammito, S., Hadzic, V., Karakolis, T., Kelly, K. R., Proctor, S. P, Stepens, A., et al.
(2021). Risk factors for musculoskeletal injuries in the military: a qualitative systematic
review of the literature from the past two decades and a new prioritizing injury model.
Mil. Med. Res. 8:66. doi: 10.1186/s40779-021-00357-w

Schmid, A. A., Fruhauf, C. A,, Sharp, J. L., Van Puymbroeck, M., Bair, M. J., and
Portz, J. D. (2019). Yoga for people with chronic pain in a community-based setting: a
feasibility and pilot RCT. J. Evid. Based Integr. Med. 24, 2515690X1986376-
2515690X1986311. doi: 10.1177/2515690X19863763

Toblin, R. L., Quartana, P. J., Riviere, L. A., Walper, K. C., and Hoge, C. W. (2014).

Chronic pain and opioid use in US soldiers after combat deployment. JAMA Intern. Med.
174, 1400-1401. doi: 10.1001/jamainternmed.2014.2726

Tran, M. D, Holly, R. G., Lashbrook, J., and Amsterdam, E. A. (2001). Effects of hatha
yoga practice on the health-related aspects of physical fitness. Prev. Cardiol. 4, 165-170.
doi: 10.1111/§.1520-037X.2001.00542.x

U.S. Army Public Health Center (2022). 2021 Health of the Force. Available at: https://
phc.amedd.army.mil/topics/campaigns/hof.
Vallerand, A. H., Cosler, P, Henningfield, J. E., and Galassini, P. (2015). Pain

management strategies and lessons from the military: a narrative review. Pain Res.
Manag. 20, 261-268. doi: 10.1155/2015/196025

Veehof, M. M., Trompetter, H. R., Bohlmeijer, E. T., and Schreurs, K. M. (2016).
Acceptance-and mindfulness-based interventions for the treatment of chronic pain: a
meta-analytic review. Cogn. Behav. Ther. 45, 5-31. doi: 10.1080/16506073.2015.1098724

Ware, J. E., Kosinski, M., Dewey, J. E., and Gandek, B.. How to score and interpret
single-item health status measures: a manual for users of the SF-8 health survey. Lincoln,
RI: Quality Metric Incorporated (2001); 15:5.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1214039
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.jpsychires.2014.08.003
https://doi.org/10.1007/s12671-021-01713-6
https://doi.org/10.1007/s12671-021-01713-6
https://doi.org/10.1016/j.psychres.2020.112794
https://doi.org/10.1016/j.amepre.2009.10.021
https://doi.org/10.1007/s12160-016-9844-2
https://doi.org/10.1016/j.jpainsymman.2010.08.016
https://doi.org/10.1007/s12671-019-01284-7
https://doi.org/10.1007/s12671-019-01284-7
https://doi.org/10.1016/j.jsams.2018.02.011
https://doi.org/10.1016/j.pmn.2020.07.002
https://doi.org/10.1001/jama.300.11.1350
https://doi.org/10.3390/healthcare4030038
https://doi.org/10.3390/medicines4030064
https://doi.org/10.1093/milmed/usaa027
https://doi.org/10.4103/0973-6131.123481
https://doi.org/10.1093/milmed/usab380
https://doi.org/10.1097/HNP.0000000000000360
https://doi.org/10.1123/jsr.2016-0047
https://doi.org/10.4103/0973-6131.171710
https://doi.org/10.4103/ijoy.IJOY_79_20
https://www.R-project.org
https://doi.org/10.1111/pme.12006
https://doi.org/10.1093/milmed/usab300
https://doi.org/10.1186/s40779-021-00357-w
https://doi.org/10.1177/2515690X19863763
https://doi.org/10.1001/jamainternmed.2014.2726
https://doi.org/10.1111/j.1520-037X.2001.00542.x
https://phc.amedd.army.mil/topics/campaigns/hof
https://phc.amedd.army.mil/topics/campaigns/hof
https://doi.org/10.1155/2015/196025
https://doi.org/10.1080/16506073.2015.1098724

	Impact of mindfulness training and yoga on injury and pain-related impairment: a group randomized trial in basic combat training
	1. Introduction
	2. Materials and methods
	2.1. Design
	2.2. Intervention
	2.3. Measures
	2.3.1. Overall health
	2.3.2. Pain level
	2.3.3. Pain frequency
	2.3.4. Pain-related impact
	2.3.5. Injury-related medical encounters and diagnoses
	2.4. Statistical analysis

	3. Results
	3.1. Participants
	3.2. Self-reported health and pain
	3.2.1. Overall health
	3.2.2. Pain level and frequency
	3.2.3. Pain-related impact
	3.3. Injury-related outcomes
	3.3.1. Injury-related medical encounters
	3.3.2. Injury-related diagnoses
	3.3.3. Time to first medical encounter

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

