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Abstract: Ensuring a balance between training demands and recovery during basic military training
(BMT) is necessary for avoiding maladaptive training responses (e.g., illness or injury). These can lead
to delays in training completion and to training attrition. Previously identified predictors of injury
and attrition during BMT include demographic and performance data, which are typically collected
at a single time point. The aim of this study was to determine individual risk factors for injury
and training delays from a suite of measures collected across BMT. A total of 46 male and female
recruits undertaking the 12-week Australian Army BMT course consented to this study. Injury, illness,
attrition, and demographic data were collected across BMT. Objective measures included salivary
cortisol and testosterone, step counts, cardiorespiratory fitness, and muscular endurance. Perceptions
of well-being, recovery, workload, fatigue, and sleep were assessed with questionnaires. Baseline
and mean scores across BMT were evaluated as predictors of injury and attrition using generalized
linear regressions, while repeated-measures ANOVA was used for the group comparisons. From
the 46 recruits, 36 recruits completed BMT on time; 10 were delayed in completion or discharged.
Multiple risk factors for injury during BMT included higher subjective ratings of training load, fatigue,
and stress, lower sleep quality, and higher cortisol concentrations. Higher ratings of depression,
anxiety, and stress, and more injuries were associated with a higher risk of delayed completion.
Higher concentrations of testosterone and higher levels of fitness upon entry to BMT were associated
with reduced risk of injury and delayed completion of BMT. Ongoing monitoring with a suite of easily
administered measures may have utility in forewarning risk of training maladaptation in recruits and
may complement strategies to address previously identified demographic and performance-based
risk factors to mitigate injury, training delays, and attrition.

Keywords: discharge; injuries; stress; physical training; monitoring; soldier; army

1. Introduction

Basic military training (BMT) prepares military recruits for occupational demands
by exposing them to physically and cognitively demanding activities and simulations [1].
However, balancing stressor exposure and adequate recovery during this period is neces-
sary to avoid a cascade of maladaptive responses which may lead to injury, illness, and
decreased performance [1–6], all of which can result in training attrition or discharge.
Managing allostatic load is challenging in the BMT context given the fixed training pro-
gram and group training environment combined with a heterogenous recruit population.
Results from the U.S. Army illustrate this challenge, at least in part, by demonstrating that
injury risk is highest during BMT and trade-specific training compared with active duty [7].
Furthermore, an examination of the Australian Army BMT course almost 30 years ago
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showed an attrition (i.e., discharge) rate of 14% [8]. While recent unpublished findings
indicate that the discharge rate from the current 12-week BMT course is approximately 10%,
an additional 9% of recruits experienced delayed graduation from BMT (i.e., greater than
12 weeks in training, achieved through what is known as ‘backsquadding’). Delays in train-
ing have downstream impacts on workforce supply, increase training costs and training
inefficiency (i.e., training wastage), and potentially impact career progression [9–11].

Understanding and identifying the antecedents of training delays and attrition may
allow staff to monitor recruits and detect signs of maladaptation before they manifest as
diminished health, performance, musculoskeletal injury, or attrition. Several risk factors
have been consistently identified that predict premature attrition and injury during BMT,
with these factors often overlapping across both adverse outcomes. These include sus-
taining a musculoskeletal injury during training [12–14], injury history prior to military
training [15–19], lower levels of muscular strength and endurance [8,12,13,17,19–21], and
demographic factors such as older age [19,22], female sex [13,18,22], lower education
level [12,15], and smoking status [13,14]. However, these risk factors are typically only
measured once, at recruit entry to BMT.

In sporting contexts, subjective well-being has been used to indicate training status,
response to training loads, and recovery [23,24], with negative psychological symptoms
(e.g., depressed mood) observed during periods of inadequate recovery and/or intensi-
fied training demands. The transition from civilian life to BMT, and the need to meet
various training standards to graduate from BMT, can increase psychological distress in
recruits [4,25,26], with the potential to contribute to recruit dropout [27–29]. Furthermore,
negative psychological and behavioural factors such as history of depression, poor mental
health and higher stress levels during training have been shown to predict attrition in a
few studies [14,15,30]. However, there is a lack of data as to whether subjective ratings
of well-being, stress, or even sleep can predict recruit training delays or attrition. These
markers may have utility alongside physiological and demographic factors as predictors
of attrition, and they may act as surrogate markers of undesirable training loads that may
lead to injury, in line with Andersen and Williams’s [31] model of stress and injury.

Taking a dual approach in measuring a suite of subjective and objective variables in
response to BMT over the course of a 12-week program, via serial measurement, may allow
a more nuanced analysis, compared with either data that are collected at one time point
upon entry to BMT or historical data. Furthermore, although predictors of attrition during
BMT have been investigated, these may not align with factors that may also explain delayed
progression during BMT [8,12,13,19]. The current study offers a valuable opportunity to
differentiate between recruits who completed BMT on time and those who experienced
delays in training or were discharged based on their subjective and objective responses.
Identifying a suite of measures that may have utility in detecting recruits who may be
vulnerable to training delays (inclusive of injury) or attrition is required to: (1) provide
targets of assessment for training readiness and (2) underpin decisions on whether coun-
termeasures should be applied to mitigate risks in particular circumstances. Therefore,
the main aims of this study were to (1) determine the individual risk factors for training
delays or discharge during a 12-week BMT course and (2) compare the responses of recruits
who completed a 12-week BMT course on time with the responses of those who did not
complete on time.

2. Materials and Methods
2.1. Participants

A total of 48 Australian Army recruits (39 men and 9 women) commencing the 12-week
BMT program at the Army Recruit Training Centre (Blamey Barracks, Kapooka) in July
2018 were recruited for this study. The recruits were from two platoons within the same
training company and commenced BMT on the same day. Of these 48, n = 38 completed
BMT on time; two recruits were removed from analysis due to insufficient data (<80% of
data), which was the threshold for inclusion. Thus, the final sample size for analysis was
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n = 46, comprising n = 36 who completed BMT on time and n = 10 who did not complete on
time due to backsquadding (n = 7) or due to discharge (n = 3). Recruits were briefed on the
investigation at the commencement of BMT, prior to providing voluntary, written informed
consent. This study was approved by the Department of Defence and Veteran’s Affairs
Human Research Ethics Committee (021-17). An overview of activities completed during
BMT has been previously described [32,33], while sleep duration for these recruits has also
been reported [33]. Activities included training related to military skills and equipment,
marksmanship, and combat manoeuvres, and culminated in a 10-day field training phase
which involved sleep restriction, physical and cognitive demands, and outdoor sleeping
and night activities (e.g., picket).

2.2. Anthropometry and Body Composition

Height was measured to the nearest 0.1 cm, and body weight was measured to the
nearest 0.01 kg using standard techniques (stadiometer and metric scale, respectively).
Body mass index (BMI) was calculated [weight (kg)/height (m2)].

2.3. Injury, Illness and Training Outcomes

Injury, illness, and training outcome data (on-time BMT completion, delayed BMT
completion, discharge) were obtained from local records at the Army Recruit Training
Centre. Injuries were classified according to body region/area affected [34]. Lower limbs
included: the hip, thigh, knee, ankle, and foot, while the trunk was classified as the chest
and back. Injury type was classified as strain/sprain, which referred to ligamentous injury
or an injury to the musculotendinous complex; stress fracture was indicated as a bone stress
injury. Causal action data were also collected, although all injuries were regarded as strain
in type, except for gradual onset (n = 1) and acute trauma from a falling object (n = 1). The
activity being undertaken at the time of injury was also recorded.

2.4. Salivary Cortisol and Testosterone

Salivary testosterone and cortisol were collected weekly via salivette. To control for the
diurnal rhythm, participants provided saliva samples upon waking, 30 min post-waking,
and immediately before bed. Participants were instructed to refrain from eating or drinking
before sampling and to avoid alcohol for at least 12 h prior to sample collection to reduce
the contamination of samples. The samples were initially stored at Kapooka Health Centre
in a −20 ◦C freezer and then transported by car to Deakin University, where they were
stored (in a −80 ◦C freezer) until analysis. For analysis, all salivettes were centrifuged
for 10 min at 1000 g before saliva was aliquoted and frozen at −20 ◦C. Biomarkers were
analysed in duplicate. Saliva cortisol and testosterone were measured using ELISA kits (IBL
International, Hamburg, Germany) per manufacturers’ recommendations. All analyses
recorded an intra-assay % coefficient of variation (%CV) of <8% and an inter-assay %CV
of <19%.

2.5. Well-Being: Depression Anxiety and Stress Scale (DASS-21)

Symptoms of depression, anxiety, and stress were assessed at weeks 1, 4, 8, and 12,
using the Depression Anxiety and Stress Scale (DASS)-21 [35], a 21-item self-report measure,
with 7 items on 4-point Likert scales for each factor of depression, anxiety, and stress; higher
scores indicate greater anxiety, depression, or stress [36].

2.6. Short Recovery Stress Scale

The Short Recovery Stress Scale assesses both the recovery and stress state of an
individual at the time of surveying [37]. Recovery-related questions assess physical perfor-
mance capability, mental performance capability, emotional balance, and overall recovery.
Stress-related questions assess muscular stress, lack of activation, negative emotional state,
and overall stress. Participants answered eight questions once a week upon waking on
Sunday mornings via pen and paper, indicating the extent to which each statement applied
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to them at the time. Response options range from 0 (does not apply at all) to 6 (fully applies).
Ratings from individual items of each subscale were summed to form composite scores for
recovery and stress, with higher scores indicating greater recovery and stress respectively.

2.7. Subjective Load and Fatigue

The following information was recorded via entry into a recording diary each evening
before bed, along with potential difficulties with data collection procedures that day.
Subjective load was measured via the NASA Task Load Index (NASA-TLX) [38], consisting
of one question for each of six subscales measuring levels of mental, physical, and temporal
demands, performance, effort and frustration along a continuum, with an integer value of
0–100 in 5-point increments. The NASA-TLX is sensitive for the assessment of cognitive
demands of a given workload [38,39]. Participants’ subjective ratings of fatigue (pre-
sleep and post-sleep) were assessed via the Samn-Perelli Fatigue Scale, scored on a seven-
point Likert scale [40]. Developed and validated in occupational settings such as aviation
operations, it is reliable and sensitive to the effects of sleep loss at different times of the day.

2.8. Physical Activity Load

The physical demands of BMT have been previously reported, in regards to intensity
and steps [32]. External load was captured via daily physical activity counts recorded with
an ActiGraph GT9X (Acti-Graph, Pensacola, FL, USA) set at 30 Hz using 60-s epochs, worn
on the non-dominant wrist. The participants wore a device for the entire duration of the
study except for any periods of water immersion (i.e., showering or swimming), and to
charge the units. These devices were collected by research staff Monday night prior to
bedtime; the data were downloaded, and the devices were charged prior to their return
to participants upon waking Tuesday morning. Non-wear time was determined as more
than three hours of consecutive 0 total acceleration per day, except Monday and Tuesday,
where eight hours was used to account for downloading and charging time [41]. The 3-h
non-wear threshold is more stringent than the standard minimum 10-hour/day total wear
time often used in free living adults. Week one accelerometry data were not utilized in the
statistical analysis, as less than four days of data were available after consenting.

2.9. Physical Fitness

Physical fitness was assessed via the maximum number of push-ups in 2 min com-
pleted according to an audio cadence track (maximum 100), and 20-m multi-stage shuttle
test (MSST) performed during weeks 2 and 8 of BMT. MSST performance was used to
estimate

.
VO2max according to Ramsbottom et al. (1988) [42].

2.10. Statistical Analyses

All statistical analyses were conducted using STATA statistical software release 15.0
(STATA, College Station, TX, USA). All data and their residuals were checked for normality.
Participants who completed BMT on time and remained in the study for the 12-week period
were classified as ‘on-pathway’ (ON-P), and those who did not complete BMT on time
or discharged were regarded as ‘off-pathway’ (OFF-P). For the preliminary analyses, we
attempted to gain insight into any differences in the trajectories of objective and subjective
responses that may represent risk factors for injury and attrition, between ON-P and
OFF-P. Repeated-measures ANOVA were conducted, with group as a fixed effect, time
as the repeating unit, and participants included as random effects. The mean weekly
concentrations and scores were used in analyses of objective and subjective measures.
Post-hoc comparisons were made with Bonferroni corrections for multiple comparisons.
As the majority of participants within OFF-P did not provide data to our study beyond
week 6, comparisons between groups were analysed up to and including this timepoint.

For the main analyses, to assess predictors of (a) musculoskeletal injury and (b) devi-
ating off pathway (discharge and delayed completion), baseline scores and mean scores
across training were used. Push-ups and predicted

.
VO2max were only collected at baseline.
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Relative risk (incident risk ratio) for off-pathway and injury was estimated via generalized
linear regression, incorporating a log link and Poisson distribution and estimating a robust
error variance. Due to their role in potentially explaining variance in risk for off-pathway
and injury, sex, mean step count across training, and predicted baseline

.
VO2max were

included as covariates in determining the risk of injury and off-pathway deviation for
the selected variables. To identify independent risk factors for injury and off-pathway
deviation, individual risk factors significantly predicting injury and off-pathway were then
used as covariates using a backward elimination procedure that sequentially removed
variables that did not contribute significantly (p > 0.05) to explaining the risk of attri-
tion or injury. Factors were separated as to whether they explained either higher risk
(RR > 1) or lower risk (RR < 1) for injury and off-pathway. Separate models were subse-
quently run to assess the factors that independently explained either higher risk or lower
risk. As a sub-analysis for attrition, the group OFF-P were further categorized into those
who were delayed in their BMT completion due to backsquadding or other factors [denoted
as delayed completion (DELCOM)], and those who did not complete BMT because they
left the Army (denoted as discharged, DIS). For this, we compared risk ratios for ON-P vs.
DELCOM and DIS. All data are presented as means ± SEM or 95% CI unless stated.

3. Results
3.1. Participants

At baseline (week 1), there were differences in height, push-ups, and steps between
ON-P and OFF-P (Table 1). The nature and number of injuries, the reasons for non-timely
completion, and the time point of injury and attrition are presented in Tables 2 and 3. For
the six participants who sustained injuries in OFF-P, the consequences were: delayed on
march-out (n = 5) and discharged (n = 1).

Table 1. Recruit characteristics at week 1 of BMT.

Characteristics On-Pathway Off-Pathway

N 36 (78%) 10 (22%)
Discharged 3 (7%)
Delayed march-out 7 (15%)
Men, n (%) 31 (86%) 6 (60%)
Women, n (%) 5 (14%) 4 (40%)
Age, year 24.1 ± 6.8 26.4 ± 8.4
Height, cm 178.0 ± 9.7 * 169.4 ± 9.8
Weight, kg 76.0 ± 14.6 72.7 ± 15.8
BMI (kg/m2) 23.9 ± 3.3 25.0 ± 3.1
Injuries, n 11 6
Recruits with injuries, n 6 (16.7%) 6 (60%)
Objective measures
Predicted

.
VO2max, mL·kg−1·min−1 43.2 ± 4.4 40.5 ± 3.6

Push-ups completed, n 32.8 ± 10.9 * 23.9 ± 13.0
Cortisol (ng/mL)
Waking 4.9 ± 1.9 4.6 ± 2.8
30 min post-waking 6.4 ± 2.4 7.1 ± 3.0
Bedtime 0.6 ± 0.4 0.7 ± 0.4

Testosterone (pg/mL)
Waking 180.4 ± 51.5 156.7 ± 78.8
30 min post-waking 158.6 ± 45.9 167.7 ± 76.7
Bedtime 109.6 ± 41.8 104.1 ± 35.9

Steps per week, n 108,608 ± 16,074 * 82,077 ± 26,049
Subjective measures
Short Stress Recovery Scale
Stress Composite 7.7 ± 4.0 10.3 ± 4.9
Recovery Composite 13.8 ± 3.8 11.0 ± 3.0



Int. J. Environ. Res. Public Health 2022, 19, 7271 6 of 16

Table 1. Cont.

Characteristics On-Pathway Off-Pathway

NASA-TLX Average 55.4 ± 9.3 51.3 ± 12.6
Fatigue
Pre-sleep fatigue 4.0 ± 1.0 3.8 ± 1.0
Post-sleep fatigue 3.9 ± 1.0 3.8 ± 0.9

DASS-21
Depression 7.2, 4.0 ± 10 9.5, 5.0 ± 15
Anxiety 8.9, 8.0 ± 12 8.8, 6.0 ± 12
Stress 12.2, 10.0 ± 16 16.0, 14.0 ± 9

Note: Values are mean ± SD except for DASS-21: mean, median ± interquartile range. DASS: Depression
Anxiety and Stress Scale; off-pathway: did not complete basic military training (BMT) on time or were discharged,
on-pathway: completed BMT on time; PSQI: Pittsburgh Sleep Quality Index; NASA-TLX: NASA Task Load Index;
* p < 0.05 compared to off-pathway.

Table 2. The numbers and percentages of musculoskeletal and health complaints reported by the
participants during BMT.

Body Region Nature of Injury/Complaint Complaints, n (%)

Lower limbs
Strain/sprain 9 (52.9%)

Stress fracture 1 (5.9%)

Trunk (incl.back) Strain/sprain 4 (23.5%)

Other Undefined illness/injury 3 (17.6%)

Total 17 (100%)

Activity at time of injury

Physical Training Strength training 5 (29.4%)

Swimming 1 (5.9%)

Running 2 (11.8%)

General Training Pack marching 1 (5.9%)

Training activities 2 (11.8%)

Field training 1 (5.9%)

Unloading/picking up equipment 2 (11.8%)

Other Undefined activity 3 (17.6%)

Total 17 (100%)

Table 3. The time points of musculoskeletal injuries and the off-pathway incidence during BMT.

BMT Week Injuries, n (%) Injuries, Cumulative Total (%) Off-Pathway, n (%) Off-Pathway, Cumulative
Total (%)

Week 1 1 (5.9%) 1 (5.9%) 0 (0) 0 (0%)
Week 2 3 (17.6%) 4 (23.5%) 2 (20%) 2 (20%)
Week 3 1 (5.9%) 5 (29.4%) 2 (20%) 4 (40%)
Week 4 4 (23.5%) 9 (52.9%) 1 (10%) 5 (50%)
Week 5 0 (0%) 9 (52.9%) 0 (0%) 5 (50%)
Week 6 0 (0%) 9 (52.9%) 0 (0%) 5 (50%)
Week 7 0 (0%) 9 (52.9%) 2 (20%) 7 (70%)
Week 8 1 (5.9%) 10 (58.8%) 1 (10%) 8 (80%)
Week 9 0 (0%) 10 (58.8%) 1 (10%) 9 (90%)
Week 10 1 (5.9%) 11 (64.7%) 1 (10%) 10 (100%)
Week 11 4 (23.5%) 15 (88.2%) 0 (0%) 10 (100%)
Week 12 0 (0%) 15 (88.2%) 0 (0%) 10 (100%)
Undefined 2 (11.8%) 17 (100%) 0 (0%) 0 (0%)

Total 17 (100%) 10 (100%)
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3.2. Comparison of Responses between On-Pathway and Off-Pathway
3.2.1. Subjective Measures

There were no between-group differences for the change over time (between week 1
and week 6) for depression, anxiety, and stress subscales of the DASS; the recovery or stress
composites; or any fatigue measures. There was a group by time interaction for perceived
cognitive load (NASA-TLX average subscale score) (p < 0.001; Figure 1), with a significant
difference between groups at week 5 (p < 0.001).
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Figure 1. Mean (±SEM) changes in (A) waking cortisol concentration, (B) 30 min post-waking cortisol
concentration, (C) bedtime cortisol concentration, (D) NASA-TLX six-subscale average during the
first 6 weeks of BMT between those who completed BMT on time (ON-P; solid line; —) and recruits
who did not (OFF-P; dashed line; - - -) * p < 0.05.

3.2.2. Objective Measures

There were no between-group differences for the change over time for testosterone
levels, predicted cardiorespiratory fitness, upper body muscular endurance, or step counts.
For waking cortisol levels, there was a significant difference between groups for the change
over time (p = 0.034); compared with ON-P, OFF-P had significantly higher concentrations
at week 5 (p = 0.03; Figure 1). For 30 min post-waking cortisol levels, there was a significant
difference between groups for the change over time (p = 0.019), OFF-P had significantly
higher concentrations at week 4 (p = 0.043) and week 5 (p < 0.001; Figure 1) compared with
ON-P. For bedtime cortisol levels, there was a significant difference between groups for
the change over time (p = 0.038): OFF-P had significantly higher concentrations at week 5
(p < 0.001; Figure 1).

3.3. Predictors of Injury
3.3.1. Baseline Values as Predictors of Injury Risk

For baseline values, a higher number of push-ups [RR = 0.95 (0.91–0.99), p = 0.022] predicted
.

VO2max [RR = 0.83 (0.76–0.91), p < 0.001] and SRSS Recovery composite [RR = 0.82 (0.72–0.93),
p = 0.002] were associated with lower risk of injury (Table 4). Independent factors for lower
injury risk were higher baseline predicted

.
VO2max [RR = 0.81 (0.73–0.90), p < 0.001] and SRSS

Recovery composite scores [RR = 0.81 (0.68–0.96), p = 0.013].
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Table 4. Factors explaining the risk of recruit injury and off-pathway deviation during BMT.

Injury Risk Risk of Off-Pathway

Factors Risk Ratio
(95% CI) p Value Risk Ratio

(95% CI) p Value

Sex, Females 3.71 (1.63, 8.46) p = 0.002 2.89 (1.01, 8.24) p = 0.047
Non-completion 3.26 (1.40, 7.60) p = 0.006 -

Injury - 4.03 (1.38, 12.2) p = 0.013
Pre-sleep fatigue 1.63 (1.05, 2.55) p = 0.030 0.95 (0.53, 1.71) ns
Post-sleep fatigue 2.02 (1.30, 3.14) p = 0.002 1.42 (0.79, 2.52) ns

Sleep quality 2.15 (1.15, 3.99) p = 0.016 1.26 (0.61, 2.58) ns
SRSS: Stress 1.04 (1.00, 1.09) p = 0.046 1.06 (1.01, 1.11) p = 0.024

SRSS: Recovery 0.80 (0.69, 0.91) p = 0.001 0.85 (0.74, 0.97) p = 0.020
DASS: Depression 0.98 (0.91, 1.04) ns 1.07 (1.03, 1.12) p = 0.025

DASS: Anxiety 0.99 (0.91, 1.09) ns 1.06 (0.97, 1.16) ns
DASS: Stress 1.04 (0.97, 1.11) ns 1.11 (1.04, 1.19) p = 0.003
NASA-TLX:

Subscale Average 1.04 (1.00, 1.09) p = 0.046 1.06 (1.01, 1.11) p = 0.023

Cortisol: waking 1.10 (0.94, 1.28) ns 1.10 (0.89, 1.36) ns
Cortisol: +30 min 1.11 (0.96, 1.29) ns 1.27 (1.09, 1.46) p = 0.002
Cortisol: bedtime 2.03 (1.49, 2.76) p < 0.001 1.77 (0.93, 3.36) ns

Testosterone: waking 0.99 (0.97, 0.99) p < 0.001 0.99 (0.98, 0.99) p = 0.010
Testosterone: +30 min 0.98 (0.97, 0.99) p < 0.001 0.99 (0.98, 1.00) ns
Testosterone: bedtime 0.98 (0.96, 0.99) p = 0.001 0.99 (0.97, 1.01) ns

Step count 0.99 (1.00, 1.00) ns 0.99 (0.99, 0.99) p = 0.002
Note: DASS: Depression Anxiety and Stress Scale; NASA-TLX: NASA Task Load Index; SRSS: Short Recovery
Stress Scale. ns = not significant.

3.3.2. Mean Scores across Training as Predictors of Injury

Recruits categorized as off-pathway were at 3.26 (1.40, 7.60; p = 0.006) times greater
risk of sustaining an injury during BMT compared with those who completed BMT on
time (Table 4), even after adjusting for sex and step counts 2.84 (1.05, 7.71; p = 0.040).
Female recruits were at 3.71 (1.63, 8.46; p = 0.002) times greater risk of sustaining an injury
compared with males, although this was no longer significant after adjusting for predicted
.

VO2max (p = 0.176). Females sustained more injuries than males; 1.1 injuries per female
(10 in total) vs. 0.21 injuries per male (7 in total, p = 0.006). Individual risk factors for injury
incidence were higher mean scores across training in pre- (p = 0.030) and post-sleep fatigue
(p = 0.002), poorer sleep quality (p = 0.016), higher scores on the SRSS Stress composite
(p = 0.046), NASA-TLX total (p = 0.046), and higher concentrations of bedtime cortisol
(p < 0.001). Higher SRSS Recovery scores (p = 0.001) and higher concentrations of testos-
terone at waking (p < 0.001), 30 min post-waking (p < 0.001), and at bedtime (p = 0.001)
were associated with lower risk of injury.

3.3.3. Independent Predictors of Injury

The results of the multivariate general linear model regression analysis indicated that
independent risk factors for greater injury risk were delayed BMT completion [RR = 2.82 (1.16,
6.82); p < 0.001], higher pre-sleep fatigue [RR = 1.78 (1.24, 2.55); p = 0.002], higher mean bedtime
cortisol concentration [RR = 1.92 (1.37, 2.71); p < 0.001], higher mean SRSS Stress composite
[RR = 1.72 (1.52, 1.96); p < 0.001], and higher mean NASA-TLX total [RR = 0.62 (0.52, 0.73);
p < 0.001].

Independent risk factors for lower injury risk were higher mean SRSS Recovery score [RR
= 0.84 (0.73, 0.97), p = 0.020], higher mean testosterone levels 30 min post-waking [RR = 0.97
(0.94–0.99), p = 0.017] and higher predicted

.
VO2max [RR = 0.81 (0.67–0.98), p = 0.033].
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3.4. Predictors of Deviating Off-Pathway during BMT
3.4.1. Baseline Values as Predictors of Off-Pathway (Delayed March-Out or Attrition)

For the baseline scores, higher numbers of push-ups were associated with lower risk
of deviating off-pathway [RR = 0.95 (0.91–0.99), p = 0.012].

3.4.2. Mean Scores across Training as Predictors of Off-Pathway (Delayed March-Out
or Attrition)

Recruits who sustained an injury were at 4.03 (1.38, 12.2; p = 0.013) times greater risk
of deviating off-pathway (OFF-P; Table 4), even after adjusting for sex and step counts 2.84
(1.05, 7.71; p = 0.040). Individual risk factors for off-pathway deviation were mean scores
for the DASS-21 subscales of depression (p = 0.025) and stress (p = 0.003), higher mean
SRSS Stress composite scores (p = 0.024), higher NASA-TLX total scores (p = 0.023), and
higher concentrations of cortisol at 30 min post-waking (p = 0.010). Mean higher waking
testosterone concentration (p < 0.001), higher SRSS recovery composite scores (p = 0.020)
and higher step counts were associated with lower risk of being categorized as off-pathway
(p < 0.001).

3.4.3. Independent Predictors of Off-Pathway (Delayed March-Out or Attrition)

The results of the multivariate general linear model regression analysis indicated
that independent risk factors for off-pathway deviation were injury [RR = 12.3 (4.79, 31.3),
p < 0.001], higher mean NASA-TLX total [RR = 1.09 (1.03, 1.15); p = 0.001], higher mean
30 min post-waking cortisol concentration [RR = 1.36 (1.17, 1.59); p < 0.001], and higher
scores for DASS stress (RR = 1.21 (1.07, 1.36), p = 0.002). Conversely, higher mean testos-
terone waking levels [RR = 0.98 (0.96–0.99), p = 0.028] were associated with decreased risk
of off-pathway.

3.4.4. Risk of Delayed Completion and Discharge for BMT: Off-Pathway Sub Analysis

The baseline characteristics (week 1) for the different subcategories, on-Pathway, De-
layed completion, and Discharged, are presented in Supplementary Table S1. Compared
with ON-P, individual risk factors for the subgroup who were delayed in their completion
of training (DELCOM) were: sustaining an injury (p = 0.010), higher mean SRSS Stress
composite scores (p = 0.041), higher NASA-TLX total scores (p = 0.023), and higher con-
centrations of cortisol at 30 min post-waking (p = 0.047; Table 5). Individual risk factors
for being discharged were higher mean scores for the DASS-21 subscales of depression
(p = 0.018), stress (p = 0.039), and anxiety (p = 0.028).

Table 5. Factors explaining the risk of delayed completion of BMT.

Delayed Completion, n = 7 Discharge, n = 3
Factors Risk Ratio p-Value Risk Ratio p-Value

Sex, Females 2.64 ns 13.2 ns
Injury 11.1 p = 0.010 2.21 ns

Pre-sleep fatigue 0.83 ns 1.33 ns
Post-sleep fatigue 1.32 ns 2.44 ns

Sleep quality 0.98 ns 2.8 ns
SRSS: Stress 1.10 p = 0.041 1.05 ns

SRSS: Recovery 0.80 ns 0.83 ns
DASS: Depression 1.02 ns 1.23 p = 0.018

DASS: Anxiety 0.99 ns 1.22 p = 0.039
DASS: Stress 1.07 ns 1.59 p = 0.028
NASA-TLX:

Subscale Average 1.10 p = 0.039 1.05 ns
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Table 5. Cont.

Delayed Completion, n = 7 Discharge, n = 3
Factors Risk Ratio p-Value Risk Ratio p-Value

Cortisol: waking 1.15 ns 1.01 ns
Cortisol: +30 min 1.41 p = 0.047 1.31 ns
Cortisol: bedtime 2.76 ns - -

Testosterone: waking 0.98 ns 0.99 ns
Testosterone: +30 min 0.99 ns 0.99 ns
Testosterone: bedtime 0.99 ns 0.99 ns

Step count 1.00 ns 1.00 ns

4. Discussion

This study identified risk factors for injury, delayed completion and attrition during
the Australian Army BMT program. Higher subjective ratings of training load, fatigue, and
stress and lower subjective sleep quality were associated with a higher risk of injury, while
higher levels of depression, anxiety, and stress were associated with a greater risk of delayed
march-out or discharge. Increased salivary cortisol was associated with a higher risk of
injury, while higher testosterone was associated with a decreased risk of injury and training
‘wastage’ (i.e., delayed BMT completion, discharge). Higher levels of fitness upon entry to
BMT may also protect against injury and delayed completion of BMT, while the incidence
of injuries predisposed recruits to a higher risk of delayed completion and/or discharge.
The serial measurement of these subjective and objective markers could potentially be used
in larger monitoring systems to indicate whether recruits are coping with training demands,
and the data could signal those at risk of negative training outcomes (e.g., injury, delayed
BMT completion, discharge).

4.1. Risk Factors of Injury

Our study was novel in that we used data collected across BMT to identify a suite
of subjective and objective measures associated with risk of recruit injury and attrition
which may be used to monitor recruit training states across BMT. We observed that females
sustained more injuries and had a higher injury rate than males (1.1 vs. 0.21 injuries/recruit);
however, after adjusting for cardiorespiratory fitness, there was no difference in injury risk
between sexes. This is consistent with recent investigations in both recruits [43] and active-
duty personnel [44]. Several risk factors have been associated with increased risk of injury
during BMT, including pre-BMT injury history [17,18], female sex [18,22], and physical
fitness [8,12,17,21,44]. However, these measures are typically measured once, upon recruit
entry to BMT, and not adjusted for factors that may also influence injury risk. We observed
that subjective measures such as greater pre- and post-sleep fatigue, decreased sleep quality,
greater perceptions of physical training stress, and cognitive load were associated with a
higher risk of injury. In particular, the risk of injury was twice as high in those with higher
ratings of fatigue and poorer sleep quality across BMT. The mechanisms underpinning
these findings are unclear, although poor sleep patterns (e.g., disturbances, sleep loss, poor
sleep quality) are associated with an increased risk of occupational injury [45,46], with
affected workers having a 1.62 times higher risk of being injured than workers without
sleep problems [45]. In military settings specifically, fatigue can increase accidents and
errors in judgement and interpretations [47]. This may further link with theoretical models
of stress and injury [31], which speculate that individuals with higher levels of stress are at a
greater risk of injury and accidents, due to increased muscle tension, peripheral narrowing,
and increased distractibility, confirmed in other research [48].

High workloads, insufficient recovery opportunities, and increased stress during
military training have been linked to a number of maladaptive outcomes, such as mus-
culoskeletal injury, illness, and training attrition [49]. We observed that training load,
objectively measured as step count, was not a significant predictor of injury or deviating
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off-pathway. This may result from recruits undertaking a similar training program, with
minimal variation in load. Conversely, subjective measures of load and perceptions of
recovery and fatigue were linked to a greater risk of injury, delayed completion, and at-
trition. These data suggest that the coping strategies employed by recruits during BMT
may moderate their responses to the training load and partially contribute to training
success or discontinuation. We also showed for the first time that higher concentrations
of salivary cortisol were associated with greater risk of negative training outcomes (in-
jury, delayed completion, and discharge). This infers that the presence or upregulation
of catabolic processes may be a predisposing factor for adverse training outcomes. The
risk of injury was twice as high in those with higher concentrations of bedtime cortisol.
Cortisol has been shown to be a bio-behavioural indicator of training strain in military
contexts [50,51] and is regarded as a classic marker of psychological stress [52], which
may link to injury [31]. In addition, we observed that higher concentrations of salivary
testosterone and greater perceptions of recovery were associated with a decreased risk of
injury and being off-pathway, which suggests that an anabolic state, sufficient recovery op-
portunities, or at least the perception of adequate recovery may mitigate negative training
outcomes. The periodization of recovery periods found within the current BMT course may
explain the associations between higher perceptions of recovery, and higher concentrations
of testosterone, with lower injury risk and attrition. In particular, increases in or maintained
levels of testosterone have benefits for maintaining bone and muscle mass and for positive
adaptations to training stimuli [53]. A lower number of injuries in recruits would reduce
the risk of delayed march-out or discharge. Strategies that can mitigate excessive strain and
perceptions of load may be useful in reducing the risk of injury, particularly as stressors
throughout BMT can cumulatively exceed coping resources.

Lower pre-BMT levels of muscular strength and endurance [17,21] and cardiorespi-
ratory fitness [8,17,20], have been associated with a greater risk of injury in recruits. In
support of this previous research, the current investigation similarly found that lower
baseline cardiorespiratory fitness and muscular fitness were associated with a higher risk
of injury during BMT. In addition, 53% of all injuries occurred within the first four weeks
of BMT, with more than half (59%) of all reported injuries across BMT occurring in the
lower limbs. Collectively, these results suggest that the physical activity exposure, inclu-
sive of physical training, during the initial weeks of BMT exposes recruits with lower
physical fitness to increased injury risk. Future research could investigate the efficacy of
pre-conditioning strategies to improve fitness prior to commencing BMT in order to reduce
the strain experienced during BMT and improve training outcomes.

4.2. Risk Factors of Delayed March-Out and/or Discharge

Some attrition from BMT is inevitable as not all recruits will cope well with the physical
and/or psychological demands. Our findings suggest that the monitoring of well-being
and hormone levels may be beneficial for flagging individuals at increased risk of injury
and attrition. Previous research has indicated that BMT is a psychological stressor [4,25]
that produce behavioural symptoms of overtraining in recruits (e.g., confusion, depression,
fatigue) [4]. However, some authors have reported improvements in scores for depression,
anxiety and stress subscales across BMT [26,54], ascribed to successful integration into the
training program and adequate recovery opportunities. We observed that higher ratings
of depression, anxiety. and stress were associated with a ~10% greater risk of a delayed
march-out/discharge from BMT. Poorer well-being was also specifically associated with
discharge from BMT, albeit in a small subsample (n = 3). However, as a caveat, the majority
of those who had a delayed march-out or were discharged had stopped providing data by
week 6, which limits the generalizability of our findings. Previous research has suggested
that levels of depression, anxiety, and stress are elevated at the start of BMT due to the
unfamiliar and challenging conditions of military training and low confidence, which
gradually subsides over the course of training [26,55,56]. In the current study, there was a
significant divergence in cognitive load across the first six weeks, when comparing those
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who were on-pathway with those who were off-pathway. Moreover, those not completing
BMT on time exhibited perceptions of load in the initial weeks that increased, before a
subsequent decrease in rating, compared with those completing on time who exhibited
declines after the first week. Perceptions of greater physical training stress and cognitive
load were additionally associated with a higher risk of not completing BMT on time.
Therefore, minimizing depressed moods and enhancing perceived well-being prior to and
during BMT (e.g., through stress resistance strategies) may improve BMT outcomes but
also better prepare recruits for the stressors encountered during a military career.

Given that a higher number of injuries was also associated with a greater risk of
delayed march-out or discharge, it is unclear if higher ratings for depression and stress are
corollaries of injury incidence and can lead to training attrition or whether stress and injury
interact to compound the risk of attrition. Those with delayed march-out or attrition also
exhibited higher concentrations of morning cortisol across weeks 1–6, compared with those
who completed the study, which may suggest an elevated stress response. Increases in
waking salivary cortisol concentration have been reported in depressed individuals [57], in
response to psychological stress and anxiety [58], and in conjunction with repeated episodes
of psychological stress and/or burn-out [59]. This suggests that hypothalamic-pituitary axis
dysregulation may be related to poorer mood, lower ratings of well-being and higher levels
of perceived stress, all of which can compromise performance and training progression.
The measurement of cortisol in saliva therefore provides a reliable tool for investigations
of HPA activity and could be measured in a serial manner over the course of BMT, to flag
those who require well-being intervention, and ultimately mitigate the risk of delayed
march-out and training attrition.

Levels of muscular fitness may also influence the timely completion of BMT through
direct links with injury risk and indirect associations with well-being. We observed that a
higher level of muscular fitness reduced the risk of delayed completion of BMT. Previous
research has proposed that well-being or perceptions of stress during BMT may be shaped
by factors such as fitness levels, resiliency, and hardiness [60–62], and these factors may
further interact to influence attrition risk. Physical fitness may have protective effects in
buffering the adverse effects of stress [63,64], while physical training may confer benefits to
well-being through increased self-efficacy and self-esteem [65], which may in turn reduce
the risk of attrition. Given the proposed relationships between greater physical fitness and
increased resiliency in soldiers [66], the associations between well-being, fitness levels, and
attrition require further evaluation.

Collectively, close attention is required to monitor recruits across the first four to six
weeks, when the majority of injuries and off-pathway deviations occurred for this cohort,
to identify those who are not responding well to the training program. Early identification
of these individuals at risk may allow for appropriate risk mitigation strategies to avoid
injury and attrition. Risk mitigation strategies may include counselling, targeted changes to
the BMT program for individuals or strategic backsquadding to reduce the risk of serious
injury or discharge. Additional strategies may include early education or intervention with
mental skills training to improve recruit resilience and introduce coping strategies, which
may assist with recruit expectation management and self-perceptions of fatigue, recovery,
and coping.

Based on estimates from 1996, the current cost associated with enlistment and training an
Australian Army recruit is approximately $47,000 [67], which is consistent with U.S. data [7].
This estimate has been utilized to understand the direct economic cost of training wastage
during the Australian Army BMT. Rates of 10% attrition and 9% delayed completion results
in an estimated cost of $5.16 M per 1000 recruits (Supplementary Table S2). It is acknowl-
edged that this projected cost may not be entirely accurate, but the authors suggest that this
nonetheless helps to illustrate the cost of training wastage, especially considering that muscu-
loskeletal injury is a major cause of both discharge and delayed completion [12–14], and chronic
overuse injuries comprise the majority of injuries. Therefore, strategies such as pre-enlistment
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pre-conditioning strategies and well-being monitoring during BMT have potential utility in
decreasing preventable training wastage.

4.3. Strengths/Limitations

There are a number of strengths associated with this study. To the best of our knowl-
edge, this is the first study to conduct serial measurement of objective and subjective
markers during BMT and to evaluate their associations with injury and non-timely com-
pletion of BMT. There are also limitations which must be considered when interpreting
the results. Due to the study aims, factors known to influence hormonal levels were not
included (e.g., pre-enlistment activity history, nutritional status), but it is acknowledged
they may have influenced findings [68]. Second, as we used an average of ratings and
levels across BMT, it is not possible to determine the periods or activities within BMT
that predispose recruits to a greater risk of attrition or injury. Third, a focus of the study
was determining the demographic, fitness, and subjective factors that may be useful in
determining the risk of injury and attrition, with the inclusion of salivary hormones an
exploratory opportunity. However, the majority of recruits in the DELCOM and DIS groups
stopped providing study data by week 6, and a small number from those groups did
not provide any data. For example, step counts and hormone samples may only have
been obtained from in weeks 1–4. For this reason, the generalizability of the attrition data,
compared with those remaining in the study with all 12 weeks of data, should be confirmed
in future studies.

5. Conclusions

In conclusion, a low-burden suite of objective and subjective measures appears to be
useful in monitoring training demands of recruits that if implemented could minimize risk
of injury and attrition. Salivary cortisol was associated with a higher risk of injury, while
higher amounts of testosterone may be useful indicators of lower risk of injury and the
potential to complete BMT on time. Higher levels of fitness upon entry to BMT may also
protect against injury and attrition, while more injuries predisposed recruits to a higher risk
of not completing BMT in a timely manner and/or discharge. Higher subjective ratings
of training load, fatigue, stress, and lower sleep quality were associated with a higher
risk of injury, while higher levels of depression, anxiety, and stress were associated with a
greater risk of delayed completion and/or discharge. Based on our overarching findings,
future work should explore avenues and countermeasures that develop and preserve
cardiorespiratory fitness, strength, and well-being and accelerate perceptions of recovery.
Serial measurement of these markers could potentially be used in larger monitoring systems
to indicate whether recruits are coping with the training stress, and signal those at risk of
injury and attrition.

6. Practical Applications

Perceptual factors should be considered in conjunction with objective measures in
personnel management decisions. Easily administered subjective measures and fitness
measures (e.g., shuttle run, push-ups) at baseline, and monitored throughout BMT, ap-
pear to be effective markers for a recruit’s susceptibility to injury and attrition, which by
extension may infer training readiness.

Understanding and identifying the factors that precipitate injury and attrition may
allow staff to better monitor recruits and detect signs of maladaptation, providing the
opportunity to intervene before adverse outcomes occur. This may include a slight increase
in the sleep opportunity for a given night or two, or a subtle reduction in some individuals’
training loads in some way (i.e., sets/reps in physical training).

Levels of cardiorespiratory fitness and upper body muscular endurance at the com-
mencement of BMT should be enhanced to mitigate injury risk, which suggests that pre-
conditioning programs may play a role.



Int. J. Environ. Res. Public Health 2022, 19, 7271 14 of 16

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.339
0/ijerph19127271/s1, Table S1: Recruit characteristics at week 1 of BMT, Table S2: Estimated cost of training
wastage during basic military training.

Author Contributions: Study concept and design: J.L.T., L.C.M. and J.R.D.; Acquisition of data:
S.B., L.C.M., J.L.T., J.R.D. and P.B.G.; Analysis and interpretation of data: J.L.T., J.R.D. and L.C.M.;
Drafting the manuscript: J.L.T.; Critical revision of the manuscript for important intellectual content:
J.L.T., J.R.D., S.B., P.B.G. and L.C.M. All authors have read and agreed to the published version of
the manuscript.

Funding: The results reported herein correspond to specific aims of a grant from the Commonwealth
of Australia represented by the Defence and Science Technology Group of the Department of Defence.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and was approved by the Department of Defence and Veteran’s Affairs Human Research
Ethics Committee (021-17), and participants gave informed consent.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the participants to publish this paper.

Data Availability Statement: All data pertaining to this study is included in the manuscript.

Acknowledgments: The authors wish to thank the recruit participants and training staff of the
Australian Army for their cooperation, time, and efforts in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nindl, B.C.; Barnes, B.R.; Alemany, J.A.; Frykman, P.N.; Shippee, R.L.; Friedl, K.E. Physiological consequences of US Army Ranger

training. Med. Sci. Sports Exerc. 2007, 39, 1380–1387. [CrossRef] [PubMed]
2. Nindl, B.C.; Leone, C.D.; Tharion, W.J.; Johnson, R.F.; Castellani, J.; Patton, J.F.; Montain, S.J. Physical performance responses

during 72 h of military operational stress. Med. Sci. Sports Exerc. 2002, 34, 1814–1822. [CrossRef] [PubMed]
3. Hamarsland, H.; Paulsen, G.; Solberg, P.A.; Slaathaug, O.G.; Raastad, T. Depressed Physical Performance Outlasts Hormonal

Disturbances after Military Training. Med. Sci. Sports Exerc. 2018, 50, 2076–2084. [CrossRef] [PubMed]
4. Booth, C.K.; Probert, B.; Forbes-Ewan, C.; Coad, R.A. Australian army recruits in training display symptoms of overtraining. Mil.

Med. 2006, 171, 1059–1064. [CrossRef] [PubMed]
5. Meeusen, R.; Duclos, M.; Foster, C.; Gleeson, M.; Nieman, D.; Raglin, J.; Rietjens, G.; Steinacker, J.; Urhausen, A. Prevention,

diagnosis, and treatment of the overtraining syndrome: Joint consensus statement of the European College of Sport Science and
the American College of Sports Medicine. Med. Sci. Sports Exerc. 2013, 45, 186–205. [CrossRef]

6. Beckner, M.E.; Main, L.; Tait, J.L.; Martin, B.J.; Conkright, W.R.; Nindl, B.C. Circulating biomarkers associated with performance
and resilience during military operational stress. Eur. J. Sport Sci. 2022, 22, 72–86. [CrossRef]

7. Molloy, J.M.; Pendergrass, T.L.; Lee, I.E.; Chervak, M.C.; Hauret, K.G.; Rhon, D.I. Musculoskeletal injuries and United States
Army readiness part I: Overview of injuries and their strategic impact. Mil. Med. 2020, 185, e1461–e1471. [CrossRef]

8. Pope, R.P.; Herbert, R.; Kirwan, J.D.; Graham, B.J. Predicting attrition in basic military training. Mil. Med. 1999, 164, 710–714.
[CrossRef]

9. Knapik, J.J. Injuries and injury prevention during foot marching. J. Spec. Oper. Med. A Peer Rev. J. SOF Med. Prof. 2014, 14, 131–135.
[CrossRef]

10. Knapik, J.J.; Graham, B.; Cobbs, J.; Thompson, D.; Steelman, R.; Jones, B.H. A prospective investigation of injury incidence and
injury risk factors among army recruits in military police training. BMC Musculoskelet. Disord. 2013, 14, 32. [CrossRef]

11. Knapik, J.J.; Graham, B.; Cobbs, J.; Thompson, D.; Steelman, R.; Jones, B.H. A prospective investigation of injury incidence and
risk factors among army recruits in combat engineer training. J. Occup. Med. Toxicol. 2013, 8, 5–14. [CrossRef] [PubMed]

12. Canham-Chervak, M.; Hauret, K.; Hoedebecke, E.; Laurin, M.J.; Cuthie, J. Discharges during US Army basic training: Injury rates
and risk factors. Mil. Med. 2001, 166, 641–647. [CrossRef]

13. Swedler, D.I.; Knapik, J.J.; Williams, K.W.; Grier, T.L.; Jones, B.H. Risk factors for medical discharge from United States Army
basic combat training. Mil. Med. 2011, 176, 1104–1110. [CrossRef]

14. Larsson, H.; Broman, L.; Harms-Ringdahl, K. Individual risk factors associated with premature discharge from military service.
Mil. Med. 2009, 174, 9–20. [CrossRef] [PubMed]

15. Booth-Kewley, S.; Larson, G.E.; Ryan, M.A. Predictors of Navy attrition. I. Analysis of 1-year attrition. Mil. Med. 2002, 167,
760–769. [CrossRef]

16. Sulsky, S.I.; Bulzacchelli, M.T.; Zhu, L.; Karlsson, L.; McKinnon, C.J.; Hill, O.T.; Kardouni, J.R. Risk factors for training-related
injuries during US army basic combat training. Mil. Med. 2018, 183 (Suppl. 1), 55–65. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph19127271/s1
https://www.mdpi.com/article/10.3390/ijerph19127271/s1
http://doi.org/10.1249/MSS.0b013e318067e2f7
http://www.ncbi.nlm.nih.gov/pubmed/17762372
http://doi.org/10.1097/00005768-200211000-00019
http://www.ncbi.nlm.nih.gov/pubmed/12439088
http://doi.org/10.1249/MSS.0000000000001681
http://www.ncbi.nlm.nih.gov/pubmed/29927875
http://doi.org/10.7205/MILMED.171.11.1059
http://www.ncbi.nlm.nih.gov/pubmed/17153542
http://doi.org/10.1080/17461391.2012.730061
http://doi.org/10.1080/17461391.2021.1962983
http://doi.org/10.1093/milmed/usaa027
http://doi.org/10.1093/milmed/164.10.710
http://doi.org/10.55460/38TR-TEUP
http://doi.org/10.1186/1471-2474-14-32
http://doi.org/10.1186/1745-6673-8-5
http://www.ncbi.nlm.nih.gov/pubmed/23497620
http://doi.org/10.1093/milmed/166.7.641
http://doi.org/10.7205/MILMED-D-10-00451
http://doi.org/10.7205/MILMED-D-03-7407
http://www.ncbi.nlm.nih.gov/pubmed/19216293
http://doi.org/10.1093/milmed/167.9.760
http://doi.org/10.1093/milmed/usx147


Int. J. Environ. Res. Public Health 2022, 19, 7271 15 of 16

17. Robinson, M.; Siddall, A.; Bilzon, J.; Thompson, D.; Greeves, J.; Izard, R.; Stokes, K. Low fitness, low body mass and prior injury
predict injury risk during military recruit training: A prospective cohort study in the British Army. BMJ Open Sport Exerc. Med.
2016, 2, e000100. [CrossRef]

18. Billings, C.E. Epidemiology of injuries and illnesses during the United States Air Force Academy 2002 Basic Cadet Training
program: Documenting the need for prevention. Mil. Med. 2004, 169, 664–670. [CrossRef]

19. Reis, J.P.; Trone, D.W.; Macera, C.A.; Rauh, M.J. Factors associated with discharge during marine corps basic training. Mil. Med.
2007, 172, 936–941. [CrossRef]

20. Chassé, E.; Laroche, M.-A.; Dufour, C.-A.; Guimond, R.; Lalonde, F. Association between musculoskeletal injuries and the
Canadian Armed Forces physical employment standard proxy in Canadian military recruits. Mil. Med. 2020, 185, e1140–e1146.
[CrossRef]

21. Blacker, S.D.; Wilkinson, D.M.; Bilzon, J.L.; Rayson, M.P. Risk factors for training injuries among British Army recruits. Mil. Med.
2008, 173, 278–286. [CrossRef] [PubMed]

22. Kucera, K.L.; Marshall, S.W.; Wolf, S.H.; Padua, D.A.; Cameron, K.L.; Beutler, A.I. Association of injury history and incident injury
in cadet basic military training. Med. Sci. Sports Exerc. 2016, 48, 1053. [CrossRef] [PubMed]

23. Saw, A.E.; Main, L.C.; Gastin, P.B. Monitoring the athlete training response: Subjective self-reported measures trump commonly
used objective measures: A systematic review. Br. J. Sports Med. 2015, 50, 281–291. [CrossRef] [PubMed]

24. Kellmann, M.; Bertollo, M.; Bosquet, L.; Brink, M.; Coutts, A.J.; Duffield, R.; Erlacher, D.; Halson, S.L.; Hecksteden, A.;
Heidari, J.; et al. Recovery and performance in sport: Consensus statement. Int. J. Sports Physiol. Perform. 2018, 13, 240–245.
[CrossRef] [PubMed]

25. Martin, P.D.; Williamson, D.A.; Alfonso, A.J.; Ryan, D.H. Psychological adjustment during Army basic training. Mil. Med. 2006,
171, 157–160. [CrossRef]

26. Tait, J.L.; Bulmer, S.; Drain, J.R.; Main, L.C. Associations between inflammatory markers and well-being during 12 weeks of basic
military training. Eur. J. Appl. Physiol. 2021, 121, 849–860. [CrossRef]

27. Epstein, Y.; Yanovich, R.; Moran, D.; Heled, Y. Physiological employment standards IV: Integration of women in combat units
physiological and medical considerations. Eur. J. Appl. Physiol. 2013, 113, 2673–2690. [CrossRef]

28. Wyss, T.; Boesch, M.; Roos, L.; Tschopp, C.; Frei, K.M.; Annen, H.; La Marca, R. Aerobic Fitness Level Affects Cardiovascular and
Salivary Alpha Amylase Responses to Acute Psychosocial Stress. Sports Med. Open 2016, 2, 33. [CrossRef]

29. Nindl, B.C.; Jaffin, D.P.; Dretsch, M.N.; Cheuvront, S.N.; Wesensten, N.J.; Kent, M.L.; Grunberg, N.E.; Pierce, J.R.; Barry, E.S.; Scott,
J.M.; et al. Human Performance Optimization Metrics: Consensus Findings, Gaps, and Recommendations for Future Research.
J. Strength Cond. Res. 2015, 29, S221–S245. [CrossRef]

30. Cigrang, J.A.; Carbone, E.G.; Todd, S.; Fiedler, E. Mental health attrition from Air Force basic military training. Mil. Med. 1998,
163, 834–838. [CrossRef]

31. Andersen, M.B.; Williams, J.M. A model of stress and athletic injury: Prediction and prevention. J. Sport Exerc. Psychol. 1988, 10,
294–306. [CrossRef]

32. Corrigan, S.L.; Bulmer, S.; Roberts, S.S.; Warmington, S.; Drain, J.; Main, L.C. Monitoring Responses to Basic Military Training
with Heart Rate Variability. Med. Sci. Sports Exerc. 2022; online ahead of print. [CrossRef]

33. Bulmer, S.; Aisbett, B.; Drain, J.R.; Roberts, S.S.; Gastin, P.B.; Tait, J.L.; Main, L.C. Sleep of recruits throughout basic military
training and its relationships with stress, recovery, and fatigue. Int. Arch. Occup. Environ. Health 2022, 1–12. [CrossRef] [PubMed]

34. Bahr, R.; Clarsen, B.; Derman, W.; Dvorak, J.; Emery, C.A.; Finch, C.F.; Hägglund, M.; Junge, A.; Kemp, S.; Khan, K.M.; et al.
International Olympic Committee consensus statement: Methods for recording and reporting of epidemiological data on injury
and illness in sports 2020 (including the STROBE extension for sports injury and illness surveillance (STROBE-SIIS)). Orthop. J.
Sports Med. 2020, 8, 2325967120902908. [CrossRef] [PubMed]

35. Lovibond, S.H.; Lovibond, P.F. Manual for the Depression Anxiety Stress Scales; Psychology Foundation of Australia: Sydney,
Australia, 1995.

36. Lovibond, P.F.; Lovibond, S.H. The structure of negative emotional states: Comparison of the Depression Anxiety Stress Scales
(DASS) with the Beck Depression and Anxiety Inventories. Behav. Res. Ther. 1995, 33, 335–343. [CrossRef]

37. Kellmann, M.; Kölling, S. Recovery and Stress in Sport: A Manual for Testing and Assessment; Routledge: London, UK, 2019.
38. Hart, S.G.; Staveland, L.E. Development of NASA-TLX (Task Load Index): Results of empirical and theoretical research. Adv.

Psychol. 1988, 52, 139–183.
39. Matthews, G.; Reinerman-Jones, L.E.; Barber, D.J.; Abich, I.V.J. The psychometrics of mental workload: Multiple measures are

sensitive but divergent. Hum. Factors 2015, 57, 125–143. [CrossRef]
40. Samn, S.W.; Perelli, L.P. Estimating Aircrew Fatigue: A Technique with Application to Airlift Operations: School of Aerospace Medicine

Brooks; USAF: Washington, DC, USA, 1982.
41. Ridgers, N.D.; Fairclough, S. Assessing free-living physical activity using accelerometry: Practical issues for researchers and

practitioners. Eur. J. Sport Sci. 2011, 11, 205–213. [CrossRef]
42. Ramsbottom, R.; Brewer, J.; Williams, C. A progressive shuttle run test to estimate maximal oxygen uptake. Br. J. Sports Med.

1988, 22, 141–144. [CrossRef]
43. Fallowfield, J.L.; Leiper, R.G.; Shaw, A.M.; Whittamore, D.R.; Lanham-New, S.A.; Allsopp, A.J.; Kluzek, S.; Arden, N.K.;

Sanchez-Santos, M.T. Risk of injury in Royal Air Force training: Does sex really matter? Mil. Med. 2020, 185, 170–177. [CrossRef]

http://doi.org/10.1136/bmjsem-2015-000100
http://doi.org/10.7205/MILMED.169.8.664
http://doi.org/10.7205/MILMED.172.9.936
http://doi.org/10.1093/milmed/usaa011
http://doi.org/10.7205/MILMED.173.3.278
http://www.ncbi.nlm.nih.gov/pubmed/18419031
http://doi.org/10.1249/MSS.0000000000000872
http://www.ncbi.nlm.nih.gov/pubmed/26765627
http://doi.org/10.1136/bjsports-2015-094758
http://www.ncbi.nlm.nih.gov/pubmed/26423706
http://doi.org/10.1123/ijspp.2017-0759
http://www.ncbi.nlm.nih.gov/pubmed/29345524
http://doi.org/10.7205/MILMED.171.2.157
http://doi.org/10.1007/s00421-020-04554-8
http://doi.org/10.1007/s00421-012-2558-7
http://doi.org/10.1186/s40798-016-0057-9
http://doi.org/10.1519/JSC.0000000000001114
http://doi.org/10.1093/milmed/163.12.834
http://doi.org/10.1123/jsep.10.3.294
http://doi.org/10.1249/mss.0000000000002930
http://doi.org/10.1007/s00420-022-01845-9
http://www.ncbi.nlm.nih.gov/pubmed/35226165
http://doi.org/10.1136/bjsports-2019-101969
http://www.ncbi.nlm.nih.gov/pubmed/32118084
http://doi.org/10.1016/0005-7967(94)00075-U
http://doi.org/10.1177/0018720814539505
http://doi.org/10.1080/17461391.2010.501116
http://doi.org/10.1136/bjsm.22.4.141
http://doi.org/10.1093/milmed/usy177


Int. J. Environ. Res. Public Health 2022, 19, 7271 16 of 16

44. Anderson, M.K.; Grier, T.; Dada, E.O.; Canham-Chervak, M.; Jones, B.H. The role of gender and physical performance on injuries:
An Army study. Am. J. Prev. Med. 2017, 52, e131–e138. [CrossRef]

45. Uehli, K.; Mehta, A.J.; Miedinger, D.; Hug, K.; Schindler, C.; Holsboer-Trachsler, E.; Leuppi, J.D.; Künzli, N. Sleep problems and
work injuries: A systematic review and meta-analysis. Sleep Med. Rev. 2014, 18, 61–73. [CrossRef] [PubMed]

46. Salminen, S.; Oksanen, T.; Vahtera, J.; Sallinen, M.; Härmä, M.; Salo, P.; Virtanen, M.; Kivimaki, M. Sleep disturbances as a
predictor of occupational injuries among public sector workers. J. Sleep Res. 2010, 19, 207–213. [CrossRef] [PubMed]

47. Harrison, E.; Glickman, G.L.; Beckerley, S.; Taylor, M.K. Self-reported sleep during US Navy operations and the impact of
deployment-related factors. Mil. Med. 2017, 182 (Suppl. 1), 189–194. [CrossRef] [PubMed]

48. Andersen, M.B.; Williams, J.M. Athletic injury, psychosocial factors and perceptual changes during stress. J. Sports Sci. 1999, 17,
735–741. [CrossRef] [PubMed]

49. Schram, B.; Canetti, E.; Orr, R.; Pope, R. Injury Rates in Female and Male Military Personnel: A Systematic Review and
Meta-Analysis. In Proceedings of the Poster Session Presented at World Physiotherapy Congress 2021, Online, 9–11 April 2021.

50. Santtila, M.; Kyrolainen, H.; Hakkinen, K. Serum hormones in soldiers after basic training: Effect of added strength or endurance
regimens. Aviat Space Env. Med. 2009, 80, 615–620. [CrossRef]

51. Drain, J.R.; Groeller, H.; Burley, S.D.; Nindl, B.C. Hormonal response patterns are differentially influenced by physical conditioning
programs during basic military training. J. Sci. Med. Sport 2017, 20, S98–S103. [CrossRef]

52. Hellhammer, D.H.; Wüst, S.; Kudielka, B.M. Salivary cortisol as a biomarker in stress research. Psychoneuroendocrino 2009, 34,
163–171. [CrossRef]

53. Saldanha, C.J.; Duncan, K.A.; Walters, B.J. Neuroprotective actions of brain aromatase. Front. Neuroendocr. 2009, 30, 106–118.
[CrossRef]

54. Lieberman, H.R.; Karl, J.P.; McClung, J.P.; Williams, K.W.; Cable, S. Improved mood state and absence of sex differences in
response to the stress of Army Basic Combat Training. Appl. Psychol. Health Well-Being 2016, 8, 351–363. [CrossRef]

55. Lieberman, H.R.; Kellogg, M.D.; Bathalon, G.P. Female marine recruit training: Mood, body composition, and biochemical
changes. Med. Sci. Sports Exerc. 2008, 40 (Suppl. 11), S671–S676. [CrossRef]

56. Lieberman, H.R.; Karl, J.P.; Niro, P.J.; Williams, K.W.; Farina, E.K.; Cable, S.J.; McClung, J.P. Positive effects of basic training on
cognitive performance and mood of adult females. Hum. Factors 2014, 56, 1113–1123. [CrossRef] [PubMed]

57. Bhagwagar, Z.; Hafizi, S.; Cowen, P.J. Increased salivary cortisol after waking in depression. Psychopharmacology 2005, 182, 54–57.
[CrossRef] [PubMed]

58. Kirschbaum, C.; Prussner, J.C.; Stone, A.A.; Federenko, I.; Gaab, J.; Lintz, D.; Schommer, N.; Hellhammer, D.H. Persistent
high cortisol responses to repeated psychological stress in a subpopulation of healthy men. Psychosom. Med. 1995, 57, 468–474.
[CrossRef] [PubMed]

59. Pruessner, J.C.; Hellhammer, D.H.; Kirschbaum, C. Burnout, perceived stress, and cortisol responses to awakening. Psychosom.
Med. 1999, 61, 197–204. [CrossRef] [PubMed]

60. Crowley, S.K.; Wilkinson, L.L.; Wigfall, L.T.; Reynolds, A.M.; Muraca, S.T.; Glover, S.H.; Wooten, N.R.; Sui, X.; Beets, M.W.;
Durstine, J.L.; et al. Physical fitness and depressive symptoms during army basic combat training. Med. Sci. Sports Exerc. 2015,
47, 151. [CrossRef] [PubMed]

61. Jones, N.; Whelan, C.; Harden, L.; Macfarlane, A.; Burdett, H.; Greenberg, N. Resilience-based intervention for UK military
recruits: A randomised controlled trial. Occup. Environ. Med. 2019, 76, 90–96. [CrossRef]

62. Skomorovsky, A.; Sudom, K.A. Psychological well-being of Canadian forces officer candidates: The unique roles of hardiness and
personality. Mil. Med. 2011, 176, 389–396. [CrossRef]

63. Sui, X.; Laditka, J.N.; Church, T.S.; Hardin, J.; Chase, N.; Davis, K.; Blair, S.N. Prospective study of cardiorespiratory fitness and
depressive symptoms in women and men. J. Psychiatr. Res. 2009, 43, 546–552. [CrossRef]

64. Dishman, R.K.; Sui, X.; Church, T.S.; Hand, G.A.; Trivedi, M.H.; Blair, S.N. Decline in cardiorespiratory fitness and odds of
incident depression. Am. J. Prev. Med. 2012, 43, 361–368. [CrossRef]

65. White, K.; Kendrick, T.; Yardley, L. Change in self-esteem, self-efficacy and the mood dimensions of depression as potential
mediators of the physical activity and depression relationship: Exploring the temporal relation of change. Ment. Health Phys. Act.
2009, 2, 44–52. [CrossRef]

66. Casey, G.W., Jr. Comprehensive soldier fitness: A vision for psychological resilience in the US Army. Am. Psychol. 2011, 66, 1.
[CrossRef] [PubMed]

67. Rudzki, S.J. The effect of a modified physical training program in reducing injury and medical discharge rates in Australian Army
recruits. Mil. Med. 1999, 164, 648–652. [CrossRef] [PubMed]

68. Hackney, A.C.; Viru, A. Research methodology: Endocrinologic measurements in exercise science and sports medicine. J. Athl.
Train. 2008, 43, 631–639. [CrossRef] [PubMed]

http://doi.org/10.1016/j.amepre.2016.11.012
http://doi.org/10.1016/j.smrv.2013.01.004
http://www.ncbi.nlm.nih.gov/pubmed/23702220
http://doi.org/10.1111/j.1365-2869.2009.00780.x
http://www.ncbi.nlm.nih.gov/pubmed/19840241
http://doi.org/10.7205/MILMED-D-16-00078
http://www.ncbi.nlm.nih.gov/pubmed/28291472
http://doi.org/10.1080/026404199365597
http://www.ncbi.nlm.nih.gov/pubmed/10521004
http://doi.org/10.3357/ASEM.2479.2009
http://doi.org/10.1016/j.jsams.2017.08.020
http://doi.org/10.1016/j.psyneuen.2008.10.026
http://doi.org/10.1016/j.yfrne.2009.04.016
http://doi.org/10.1111/aphw.12075
http://doi.org/10.1249/MSS.0b013e31818943b3
http://doi.org/10.1177/0018720813519472
http://www.ncbi.nlm.nih.gov/pubmed/25277020
http://doi.org/10.1007/s00213-005-0062-z
http://www.ncbi.nlm.nih.gov/pubmed/15991000
http://doi.org/10.1097/00006842-199509000-00009
http://www.ncbi.nlm.nih.gov/pubmed/8552738
http://doi.org/10.1097/00006842-199903000-00012
http://www.ncbi.nlm.nih.gov/pubmed/10204973
http://doi.org/10.1249/MSS.0000000000000396
http://www.ncbi.nlm.nih.gov/pubmed/24870581
http://doi.org/10.1136/oemed-2018-105503
http://doi.org/10.7205/MILMED-D-10-00359
http://doi.org/10.1016/j.jpsychires.2008.08.002
http://doi.org/10.1016/j.amepre.2012.06.011
http://doi.org/10.1016/j.mhpa.2009.03.001
http://doi.org/10.1037/a0021930
http://www.ncbi.nlm.nih.gov/pubmed/21219041
http://doi.org/10.1093/milmed/164.9.648
http://www.ncbi.nlm.nih.gov/pubmed/10495636
http://doi.org/10.4085/1062-6050-43.6.631
http://www.ncbi.nlm.nih.gov/pubmed/19030142

	Introduction 
	Materials and Methods 
	Participants 
	Anthropometry and Body Composition 
	Injury, Illness and Training Outcomes 
	Salivary Cortisol and Testosterone 
	Well-Being: Depression Anxiety and Stress Scale (DASS-21) 
	Short Recovery Stress Scale 
	Subjective Load and Fatigue 
	Physical Activity Load 
	Physical Fitness 
	Statistical Analyses 

	Results 
	Participants 
	Comparison of Responses between On-Pathway and Off-Pathway 
	Subjective Measures 
	Objective Measures 

	Predictors of Injury 
	Baseline Values as Predictors of Injury Risk 
	Mean Scores across Training as Predictors of Injury 
	Independent Predictors of Injury 

	Predictors of Deviating Off-Pathway during BMT 
	Baseline Values as Predictors of Off-Pathway (Delayed March-Out or Attrition) 
	Mean Scores across Training as Predictors of Off-Pathway (Delayed March-Out or Attrition) 
	Independent Predictors of Off-Pathway (Delayed March-Out or Attrition) 
	Risk of Delayed Completion and Discharge for BMT: Off-Pathway Sub Analysis 


	Discussion 
	Risk Factors of Injury 
	Risk Factors of Delayed March-Out and/or Discharge 
	Strengths/Limitations 

	Conclusions 
	Practical Applications 
	References

