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We are at a critical juncture as tensions rise in the Indo-Pacific and space emerges as a new
conflict domain, yet we see military recruitment numbers dwindling. Stakeholders —
government, industry, and academia - must invest in individualized training solutions that
optimize human performance for all warfighters. This means developing a better understanding
of the unigue physiological and psychological attributes of women warfighters, including but not
limited to physical fit of gear, fithess peaks in the menstrual cycle, and optimized nutrition. This
research will help us challenge the status quo to create the most intelligent, lethal, and unified
force in the world.

Booz Allen and Sports Innovation Lab (SIL) are leading the charge in identifying research gaps
and developing technology solutions for women warfighters. We are proud to present findings in
this report: What We Don't Know About Women Warriors. The report explores significant gaps
in the knowledge and understanding of the human performance optimization of women
warfighters and offers ideas for innovation.

What We Don't Know About Women Warriors is the first in a series of efforts we are driving to
improve the lives and well-being of all warfighters, particularly women service members. To
support the success of women warfighters and advance the field of human performance
optimization, Booz Allen and the Tactical Athlete Leadership Board (TA-LB) will prioritize the
following actions for 2023-2024:

= |dentify and highlight additional areas for improvement

+ Capture and promulgate best practices
Provide recommendations on topics for further scientific research
Lead the discussion through panels at summits and symposiums

U.S. military strength soars when warfighters confidently operate at peak physical, mental, and
emotional acuity. Booz Allen's global team of experts works with the military to build training
solutions that meet the needs of a diverse warfighting base to improve readiness and enhance
the physical and cognitive abilities of all service members. We actively recruit and hire veterans
and women, integrating their unique perspectives and experiences to better our teams and the
outcomes we deliver to our clients. We are honored to share this report with you.

Sincerely,

Susan Penfield, Chief Technology Officer, Booz Allen
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Executive Summary

With the Department of Defense facing a “recruitment crisis” in recent years and a dwindling pool of
qualified young Americans available to recruit from', maximizing the recruitment and retention of
female warfighters (currently 17.3% of the active duty force of the US Military) presents a great
opportunity for growth.

Optimizing the health and performance of female warfighters is hampered by long-standing gaps
and bias in applied research across the domains of training and testing standards, injury prevention
and rehabilitation, nutrition and supplementation, personal equipment, and human performance
technology. These gaps lead to female warfighters who are at a disadvantage when it comes to
reaching an ideal level of effectiveness in their military occupational skill due to suffering through
equipment and programming that is ill-suited for their needs which often leads to a higher risk of
injury than their male colleagues

The Department of Defense cannot continue to ignore these gaps. The Department of Defense must
look for opportunities to lead new research that will broaden society’s understanding of female
performance, such as how hormones and the menstrual cycle can impact training, recovery,
rehabilitation, and nutrition. Other efforts, such as further research into the impact of energy deficit
on warfighter health, the development of more flexible sizing options for equipment, as well as
exploration into the viability and development of an individualized approach to performance
optimization will offer benefits to all warfighters and increase overall readiness levels across the
military.
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Statement

This report focuses on cisgender female
warfighters' experiences and the gaps in research
and practice that create inequitable treatment
compared to cisgender male warfighters. Sports
Innovation Lab recognizes and affirms the
spectrum of gender and sex; however, given the
complex array of issues that make up the
experience of any individual in the military, we
have centered our research on cisgender female
warfighters to untangle the specific issues this
population faces. While some of the discussions in
this report (for example, the range of body types
across cisgender male and female warfighters) are
highly relevant to anyone's embodied experience
of military service, the unique experience of
transgender female or male warfighters cannot be
directly transferred to the experience of their
cisgender counterparts, either cisgender female or
male. To support their military service, we
recommend conducting similar work on the
experience of and research around transgender
warfighters, given the 2021 policy change allowing
them to openly serve.

This report uses the term “warfighter” to
represent all service members across the
different branches of the US military®
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Introduction

In the past ten years, the Department of
Defense has introduced numerous initiatives in
the field of human performance across the
various branches of the military. The Army
launched a new holistic health system and a
new fitness test. The Air Force and Space Force
rewrote their directives around physical fitness?
and launched various supporting initiatives* .
The Navy is developing a comprehensive
human performance program in-house.® The
Marine Corps continues to develop and expand
its own human performance program’ &,
Meanwhile, the Special Operations Command
is enhancing its Preservation of the Force and
Family effort, a holistic approach to readiness
and resilience.

This focus on optimizing warfighters is crucial
when viewed in concert with the growing
“recruitment crisis” across the uniformed
services’. As the DOD struggles with warfighter
recruitment and retention, the female
population offers an opportunity for growth.

As of 2021, women make up 17.3% of the
active-duty force and 21.4% of the National
Guard and reserves'. Since 50.5% of the US
population in 2020 is female", the recruitment
and retention of female warfighters represents
a key area for growth for the Department of
Defense.

As female representation across all services
continues to grow, there are blind spots specific
to female warfighters in the optimization of the
health and human performance of warfighters.

Research studies and clinical trials across a
variety of fields have long under-represented

females as participants™ "', Whether due to
sociocultural barriers or intentional exclusion”,
this gender bias can lead to both a higher risk of
injury and a feeling of unbelonging in the
military for female warfighters, resulting in
higher rates of attrition™.

This report explores the known gaps in female
warfighter optimization around

e training and testing standards
injury prevention and rehabilitation
supplementation and nutrition
equipment
and human performance technology

Information will also be presented on why
those gaps may exist today and what efforts
are underway to address these problems.

Female Warfighter Perspective

People have a tendency to think about
things from their own lens. Because of
this historical progression, the vast
majority of senior leaders are male,
especially in special operations, where an
extreme majority are male. These male
leaders are thinking through things from
their own lens. And if they don't
individually appreciate those differences
in training women, then it's not going to
become a priority.

Active-duty female SOF officer
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Testing
Standards &
Training

Human performance for warfighters begins
with fitness tests. Every branch of the military
conducts some manner of physical fitness
testing both for new recruits and for current
warfighters. This ensures they keep their
personal level of fitness aligned with
performance expectations and identifies any
operational weaknesses at the individual and
collective level such as non-deployable
personnel or injury risks".

Recent changes in testing attempted to equate
test exercises with the realistic operational
demands on the individual?®. The Army
Combat Fitness Test (ACFT) - in development
since 2013 - is perhaps the most prominent
example of this effort. The ACFT is the first
change to the US Army physical fitness testing
since 1980.

Initial studies done by the Army on the ACFT's
ability to simulate and predict performance
across common Soldier demands drew
criticism for a lack of female representation.
The highest proportional representation of
female warfighters across the initial three
studies completed was only 16.2%. While this
mirrored overall representation of female
warfighters in the Army, there were concerns
that the validation was weighted towards the
physical characteristics of male warfighters? 2.

These concerns contributed to the replacement
of the ACFT's leg tuck by the plank. This
replacement occurred after studies showed the

leg tuck was not a strong predictor of the
movements associated with the common
Soldier tasks®**. For the time being, the Army
is moving forward with different scoring
requirements for age-bands and gender®.

Only 23% of young Americans are eligible for
service due to poor physical fitness, medical
disqualification, or other reasons?. The
Department of Defense must find a balance
between combat readiness and recruiting
targets. For example, the Army offers the
Future Soldier Preparatory Course, a pre-basic
training course, which provides additional
training for possible recruits to prepare for the
fitness and education requirements of the
military?’ 8.

In other branches of the military, there is a mix
of gender-specific (different scoring criteria or
test design for males and females) and
gender-neutral (same standards for all genders)
standards?.

The fitness standard is only half of the
equation. Physical training to develop and
maintain a level of fitness is the other key
component.

Exercise science as a field, by and large,
neglects specific female needs with just five
percent of studies focused exclusively on
women?°. Two significant blind spots in
knowledge today are the menstrual cycle and
how fluctuations in hormones impact the
female body's response to training.

Some research points to the follicular phase
(pre-ovulation) as an optimal time for training:
arise in estrogen can assist in building muscle
mass and strength as well as help with
recovery® *?3, Meanwhile, the luteal phase
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(post-ovulation) is less ideal for this type of
training, as progesterone accelerates muscle
breakdown and lengthens recovery times®*.
However, studies are inconclusive on the exact
impact of the menstrual cycle on performance,
and this area requires further investment and

research 3¢,

Along with a lack of research consensus, there
is also substantial variation between women
throughout the phases of their menstrual cycle,
as well as variation in individual women's
cycles®. This means that generalized guidance,
even if supported by research, may not be
optimal for any particular female based on their
own cycle. Furthermore, published research
does not explore how the usage of hormonal
contraceptives (and the variation across
different types of birth control) impacts
performance.

Where does this leave female warfighters?
Female warfighters, speaking anonymously,
indicated they often end up looking for training
assistance outside of official military channels.

Some warfighters can afford to seek
individualized training guidance, but this is not
the case for all. For those early in their career or
with dependents, the additional cost for
outside training support may not be feasible.

The benefits, however, are clear. By tailoring
training to an individual’s specific needs and the
standard, warfighters can train more efficiently
or effectively. Increasing individualization in the
approach and delivery of training would
optimize both male and female warfighters.
Although the individualized approach may
present current challenges to scalable
adoption, this is an area where future
technology integration could help reduce the

number of non-deployable warfighters and
improve overall combat readiness across the
military.

Company Spotlight

There are a number of human
performance technology companies
aiming to help female users better
understand how their menstrual cycle
impacts their performance and recovery.

WI-IOOIP

Based on measured values like HRV and
self-reported data on a user's menstrual
cycle, WHOOP now offers individual
recommendations on training and
recovery needs®,

OURA "{I?

Metrics like resting heart rate and sleep
values tracked by the Oura ring can now
be used as inputs in the Wild.Al algorithm
which provides training recommendations
based on the phases of the user’s
menstrual cycle®.

Orreco’s FitrWomen app allows athletes
to track their cycle and symptoms, with
the data all consolidating into their
FitrCoach platform to provide a team
view for more effective training plans and
individualized programming*°.
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Injury Prevention & Rehabilitation

Studies show while the musculoskeletal injury rate for female warfighters may be higher during basic
training compared to male counterparts, these differences decrease substantially as their military
career continues. A proposed factor to explain this decrease is an overall increase in fitness levels in
response to basic training®.

Meta-analysis of injury rates in basic training*

Females Males Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bell 2000 0.7409 0.0842 352 509 8.2% 210[1.78,2.47) =——
Blacker 2008 1.0852 0.0761 1480 11937 8.6% 2.96 [2.55, 3.44] —
Henderson 2000 06775 01077 237 37 7.3% 1.97 [1.59, 2.43] E—
Jones 1993 06115 0.1631 186 124 53% 1.84 [1.34,2.54) e —
Jones 2017 09427 0.0085 41727 143398 10.3% 2.57[2.52,261) -
Kerr 2004 0.5653 0.2587 40 354 3.0% 1.76 [1.06, 2.92]
Knapik 2001 06464 0.081 247 567 8.4% 1.91 [1.63,2.24] —
Knapik 2001hb 0.7299 0.0648 452 733 9.0% 2.07 [1.83,2.36] ——
Knapik 2002 0.649 0.0509 1025 1543 9.5% 1.91 [1.73,2.11) —_
Nye 2016 06235 0.021 14550 52975 10.2% 1.87[1.79,1.94] -
Snedecor 2000 0.7717 0.0319 5250 8660 10.0% 2.16[2.03,2.30 ===
Sulsky 2018 06795 0.0043 21651 139020 10.3% 1.97 [1.95,1.99] .
Total (95% ClI) 87197 360191 100.0% 210 [1.89, 2.33] L 2
Heterogeneity: Tau®= 0.03; Chi*= 779.40, df= 11 (P < 0.00001); F=99% 0?5 U?T 1f5 é

Testfor overall effect Z=13.86 (P < 0.00001) Males Injured More Females Injured More

Meta-analysis of injury incidence rates post basic training®

Females Males Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson 2015 Deployed -0.3384 0.3525 43 727 33% 0.71[0.36,1.42) ——
Anderson 2015 Pre-Deployed 01655 0.1555 43 727 7.6% 1.18[0.87,1.60) T
Anderson 2017 0.2307 0.0526 363 4384 10.5% 1.26 [1.14,1.40) -
Bijur 1997 1 Semester 01478 01278 85 473 85% 1.16 [0.90, 1.49) T
Bijur 1997 2 Semester -0.2027 01691 85 473 7.2% 0.82[0.59,1.14) I
Cosio-Lima 2013 -0.4124 05833 6 143 1.5% 0.66 [0.21, 2.08)
Darakjy 2006 0.6575 01152 6 143 8.8% 1.93[1.54,2.42) I
Fadum 2019 0.0573 0.0543 1068 8100 10.4% 1.06 [0.95,1.18) ™
Grier 2011 05277 0.0419 498 3757 10.7% 1.70 [1.56, 1.84) -
Henderson 2000 AIT 0.2233 0125 287 439 85% 1.25(0.98, 1.60) T
Kovean 2019 -0.6229 0.5006 11 118  2.0% 0.54 [0.20,1.43)
Nye 2014 0.0682 0.0083 6398 61506 11.0% 1.07 [1.05, 1.09) -
Strowbridge 2002 0.514 0.0744 178 3377 10.0% 1.67 [1.45,1.93) —_
Total (95% CI) 9071 84367 100.0%  1.23[1.05,1.43] <>
Heterogeneity: Tau®= 0.05; Chi*=188.62, df=12 (P < 0.00001); = 94% sz 055 é é

Testfor overall effect: Z= 2.63 (P = 0.009) Males Injured More Females Injured More

R R I R e e e e e e L L L L
1
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Looking at musculoskeletal injuries as a whole,
estrogen’s impact on the body is most
commonly referenced when considering the
higher likelihood of ACL knee injuries in females
4243 Some research attributes this increased risk
to the menstrual cycle*!, while others point to
anatomy and biomechanics®.

The sociocultural factors that may make the
body more susceptible to injury throughout
girls' and women'’s development are perhaps
the least considered. These factors are much
more difficult to evaluate and include gendered
behavioral and societal expectations of women
and girls*.

Expert Insight

We tend to talk about women and girls as
being inherently more prone to injury,
especially when we see rates of women
and girls being three to six times more
likely to get knee injuries or ACL injuries
than boys and men. . .. And | think for me,
that's one of the big gaps and one of the
big myths that we . . .need to work on. For
me, we need to move | think a little bit
closer to what I call sociocultural shifts.
So, understanding how women and girls'
bodies are made weaker, or made more
risky or made more prone to injury.

Dr. Sheree Bekker, Assistant Professor,
Department of Health, University of Bath

Post-injury fields also require further research.
Studies are currently underway to design
female-specific rehabilitation programming
that examines this impact and response®’.

Outside of musculoskeletal injuries, another
commonly held statistic is that females suffer a
higher risk of a traumatic brain event than their
male counterparts, including lengthier
concussion recovery times*. A 2020 traumatic
brain event literature review of 25 studies
presented evidence females may be more
susceptible to concussions and suffer from
prolonged symptoms. However, this same
study also reported females were more likely to
report a concussion and highlighted the lack of
research into this area, noting 270 published
articles examined male athletes and

concussion®.
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Nutrition &
Supplements

The Female Athlete Triad, first named in 1992,
references a combination of low energy
availability (with or without an eating disorder),
menstrual dysfunction, and low bone mineral
density*°. More recent studies include this
syndrome under the broader term Relative
Energy Deficiency in Sport (RED-S)*. RED-S
can affect both male and female warfighters
and is highlighted by an energy deficit leading
to numerous physical and cognitive
performance impairments of the warfighter's
system® In short, the body is not receiving
enough dietary energy compared to the energy
being expended, causing numerous disruptions
to occur in body function.

Warfighters may experience disturbances in the
endocrine system, which handles the body’s
hormones. Meanwhile, increases in cortisol can
impact skeletal health. Other symptoms can
include immune system suppression, iron
deficiency, and mood disturbances.

Overall, the impact of RED-S on warfighters
during training courses and field exercise where
energy deficit takes place is vastly
under-researched. There are conflicting studies
on how both physical and mental performance
are impacted by energy deficit, as well as
understanding the long-term effects of energy
deficiency and recovery alongside military
training. Even less is understood on the impact
of energy deficiency on female warfighters.

The energy deficit that leads to RED-S
highlights the importance of nutrition for all
warfighters. Some military branches have

begun efforts to educate warfighters on the
importance of balancing nutrition with
operational and fitness demands®3, but, as with
physical training, warfighters often look for
outside assistance when it comes to optimizing
their dietary needs.

Female Warfighter Perspective

The lack of access to non-broad-brush
nutrition, healthcare, and fitness coaching
is a pink tax. It especially reveals a care
gap for junior enlisted women. | shouldn't
have to pay out of pocket for these
services. But | have the option to do it, if |
so choose, because | have the money to
do it as an officer.

Active-duty female SOF officer

Aligning female warfighter dietary needs with
their menstrual cycle and training provides an
opportunity for further optimization. Some
studies show the body uses carbohydrates
more efficiently during the follicular phase, and
fats and amino acids more efficiently during
the luteal phase®. Other research points to
women taking supplements of collagen and
vitamin C during the follicular phase, as well as
hydration with electrolytes and sodium during
the luteal phase as potentially benefiting
overall performance®.

However, comprehensive nutrition research
throughout the menstrual cycle is lacking and
there is a need to better understand the
relationship between diet, training, and
menstruation®.



https://www.ta-lb.org/

Equipment

Military equipment is often listed as a
contributing factor to injury rates for female
warfighters*, which reveals a hard truth: the
bulk of military equipment was designed with
male warfighters in mind. Whether with the
dimensions and weight of personal equipment
such as backpacks or weapons, or larger items
such as vehicles, female warfighters often deal
with poor ergonomics which results in an
increased risk of injury?®.

Advancements in virtual human technology,
such as Santos and Sophia from the University
of lowa’s Technical Institute, can provide a
means for equipment to be designed in a
virtual environment and tested against
biomechanically accurate digital human models
(both male and female) and iterate on the
design more quickly with lower financial
overhead, compared to full production®’.

The US Government stepped in to ensure
female warfighters have access to correctly
sized body armor and personal protective
equipment (PPE). As part of the Female Body
Armor Modernization Act, the Department of
Defense will track the prevalence of injury
resulting from ill-fitting PPE and ensure that
flexible options are available for all warfighters
to have the optimal fitting equipment?®.

Equipment considerations extend into
uniforms, with some female warfighters
pointing out that basic clothing such as uniform
pants is not always optimal for the average
female form. For example, additional fabric
may potentially impact the effectiveness of
performance and raise injury risk. It was also
noted some female warfighters, after leaving

the service, started their own businesses to
design tactical pants specifically tailored to the
needs of tactical warfighters. Even boots on the
ground for female warfighters are being
considered, with an active study underway by
Army Footwear Researchers in the U.S. Army
Combat Capabilities Development Command
Soldier Center™.

Company Spotlight

KADRI

Developed and led by female veterans,
KADRI clothing makes functional, tactical
clothing designed for women across the
tactical space, including military,
firefighters, EMS, and law enforcement.
With female warfighters sometimes
required to tailor men’s pants to have an
adequate solution, KADRI offers 72
different sizing combinations to allow for
a proper fit without sacrificing
functionality®°.

By providing flexible options around personal
equipment and looking at a broader range of
human body shapes for ergonomic design
decisions, the resulting design and usage of
updated equipment will not only benefit
female warfighters but will optimize the
performance of all warfighters.
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Human
Performance
Technology

As the study of human performance and sport
science continues to gain prominence both
inside and outside of the tactical environment,
a burgeoning human performance technology
market is developing in parallel to assist in
evaluating, monitoring, assessing, and
quantifying performance across various areas
of focus.

However, without underlying research and
understanding around female human
performance, products hitting the market often
suffer from blind spots through basing
algorithms and recommendations on existing
male-dominant research®'. This presents a risk
both for the practitioner in the identification of
outliers and for the subjects themselves.

These risks are further exacerbated by human
performance technologies attempting to
preserve their proprietary approaches and
unique value propositions in a competitive
market. “Black box” systems essentially depend
on blind trust when proceeding with these
recommendations, as inputs are entered into a
deep learning data model and
recommendations are presented without
transparency or visibility®2. These structures are
sometimes knowingly used by human
performance technology systems but
ultimately confuse and fail the practitioner and
subjects.

Even in systems where analysis is transparent
and validated, there are risks associated with

the increased usage of artificial intelligence and
how models are trained®®. Artificial intelligence
has begun to find a role in the analysis and
recommendation of interventions in the
human performance space®*. The risks
presented here for female warfighters can be
attributed to the design and usage of artificial
intelligence models based on misinformed (or
gender-biased) datasets and will only further
propagate incorrect outcomes to females®. For
female warfighters looking to use human
performance technology to optimize their own
performance, these risks could result in injury or
a lack of overall readiness for operational
duties.

Expert Insight

Let's actually start to ask some intelligent
questions about it if we want to actually
move the needle within a female
population. You have to be real. I'm sorry,
we don't fit into a box. I'm sorry, that
we're complicated to have to deal with.
But that's what makes us awesome. We're
so close to unlocking this potential and
understanding so much more about how
the human body functions and operates
and how you can optimize human
performance within that.

Dr. Meg Garvey, Senior Scientist, Nix
Biosensors
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In Conclusion

When forecasting the next twenty years of US
military operations, one fact is immediately
clear: it will look remarkably different from the
past twenty years. This fact places great
emphasis on the importance of recruiting,
retaining, and ensuring the operational
readiness of warfighters across all branches,
including female warfighters.

The gaps in knowledge when it comes to the
optimization and performance of female
warfighters are varied and no single initiative
will overcome the multiple blindspots.
However, concentrated efforts will not only
result in the success of female warfighters but
lead to insights to improve the health and
performance of all warfighters.

Three key areas to explore are:

1) Afully individualized approach to training,
recovery, and nutrition programming may not
be feasible across all forces at this time but
embracing the need now will help inform
future program design and technology
development to bridge that gap in the near
and long term future.

2) The design and procurement of more flexible
sizing options around personal equipment,
and leveraging digital technology with a
diverse set of human models to develop new
equipment and vehicles is another key area of
benefit to all warfighters.

3) Finally, additional research into
understanding the relationship between
energy deficit and injury, as well as
continuation and expansion of pre-basic
training opportunities to improve fitness

levels of potential new recruits, could result in
a military force with lower instances of injury
and higher levels of readiness.

Expert Insight

When we make things better for a certain
population, all populations will benefit.
Our soldiers aren't all the same. They're
not all white men. They have different
heritage, they have different body types,
their bodies work in different ways and
have different forces. When we find
things that are working better, people are
getting hurt less and we're taking better
care of those people that serve us, then
you're going to have an easier time
recruiting them. And we know recruiting
and maintaining individuals in the
services is very challenging right now. So,
it's a win-win for everybody.

Dr. Joellen Sefton, Director, Warrior
Research Center and Professor, Auburn
University

For female warfighters in particular, additional
research into the impact of hormones and the
different phases of the menstrual cycle on
performance, whether that be optimizing
training, recovery, rehabilitation, nutritional
needs or other aspects of human performance
is required.

The female warfighter represents an area of
growth for military recruiting. Improving our
understanding of how to best train and
optimize these warfighters will not only
improve their success and capabilities while
serving but will also contribute to
understanding and improving female
performance in other fields.
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