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BLUF

1. To-date, military women’s health and performance 
research has resolved many myths and stereotype issues

2. With women now allowed to participate at every level 
and role, we will make new discoveries in performance 
physiology, resilience, and the estrogen advantage 

3. Solutions should be optimized for women on their own 
terms and no longer be centered on making women fit 
to “old-think” designs intended for an all male military





Thirty Years of Research to Try to Catch Up

Interrelated Performance Topics 

• Impact of ovarian hormones (E2, P)
• Energy balance 
• Body composition
• Bone health and stress fracture risk
• Micronutrition (Vitamin D, iron) 
• Strength (lifting and carrying)
• Anthropometry (equipment design) 
• Occupational exposures
• Pregnancy (safety, RTD standards)
• Neuropsychological factors

• Unique to military women
• High prevalence for military 

women
• High priority to performance 

but low priority elsewhere



Physiological Effects of Ovarian Hormones

Luteal phase

Follicular phase

• Carefully controlled laboratory studies show physiological 
differences, esp. under the influence of increased progesterone  
• These differences have not translated into meaningful 
differences in real world health and performance 

Kolka & Stephenson, 1997
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Loucks & Thuma, 2003

Threshold effects of energy deficit on LH secretion

Professor Anne Loucks
Ohio University

Intense exercise is not a problem if energy requirements are met with 
adequate food intake – for men and for women



TDEE (Std Dev) (MJ/d) TDEE/kg body mass 
(MJ/kg/d)

Activity Women Men Women Men
Norwegian 
cadet training 

21.9 (2.0) 
n=6

26.6 (2.0)  
n=10

0.34 0.35 

US Marine 
recruit crucible

19.8 (0.6) 
n=20

25.7 (0.8) 
n=29

0.34 0.35 

Smoke jumpers 14.8 (3.0)   
n=9

20.3 (3.0)   
n=7

0.23 0.28

US Marine 
recruit training 

9.9 (1.6)   
n=20

16.9 (4.0) 
n=10

0.17 0.23* 

US Army mass 
casualty exerc

12.1 (1.0) 
n=10

16.4 (3.7)   
n=6

0.20 0.19

US Navy sailors 
at sea 

11.6 (1.8) 
n=16

14.4 (3.6)   
n=9

0.17 0.18 

Sex comparison of energy expenditure 

Friedl & Ness, 2008

Men and women 
maintain the same 
intensity of work in 
integrated training



Biology of sex-specific body fat

Kvist et al. 1986

“Women carry more fat on and less in 
their smaller frames”  

Science 1957



Body composition physiology

Body fat equations are focused on the key site reflecting chronic 
underexercise & overnutrition habits:  abdominal and gluteal girths

Neck

Abdomen 
(Waist)

Hips

Height

Females

Neck

Abdomen 
(Navel)

Height

Males 

Circumference-Based Body Fat Measurements:  Practical Estimation 
of Chronic Energy Balance Works Reasonably Well for Men



Postpartum Return to Duty Fitness

Butte et al. 2003

• It takes six months and a concerted effort by individuals 
to approach pre-pregnancy body fat and fitness standards
• Women who fail to gain appropriate amount of weight 
during pregnancy increase risk of obesity in their children

Magann et al. 2014Professor Nancy Butte
Dept Pediatrics-Nutrition
Baylor College of Medicine
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Education and Training in 
Womens Health

Key Recommendations
• Education in women’s hygiene, contraception 
management and menstrual cycle control 
• Increase leader awareness and sensitivity to 
female Soldier health
• Create Clinical Practice Guidelines to standardize 
provider care in deployed environments
• Develop Women in the Military Self Diagnosis 
(WMSD) kits for UTI/Vaginitis
• Training and tools for self-diagnosis and care of 
common gender specific infections
• Improve system for distribution of Female Urinary 
Diversion Devices (FUDD) in the deployment cycle



Effective Health Risk Communication to 
Reduce Unintended Pregnancy and STD   

Professor Cherrie Boyer
Dept of Pediatrics
UC San Francisco

Lt Gen Carol A. Mutter
USMC

Evaluation of a cognitive-behavioral, group, randomized 
controlled intervention trial to prevent sexually transmitted 
infections and unintended pregnancies in young women.  
Prev Med 2005;40:420-31



Vitamin D and bone health

Most Americans are NOT 
deficient for Vitamin D 

One group tends to be 
deficient – young women 
(18-25 yrs)

2011



Calcium and Vitamin D bar  
augments nutritional 
requirements of recruits with 
intense musculoskeletal 
remodeling demands

“Army Creates New Nutritional 
Chocolate Bedtime Snack For 
Basic Trainees”

Enhance musculoskeletal remodeling

Professor Joan Lappe
College of Nursing
Creighton University



Stress Fracture Susceptibility 

Jepsen et al. 2011, 2013

Tibial stiffness
Robustness  (total area/length)
Cortical area 
Tissue-mineral density

COL Rachel Evans

Combat Infantry Caracal Battalion



Performance Equipment Design
Body armor designed to fit women that does not 
impede egress from vehicles, aiming weapons, etc.

IOTV – Improved Outer Tactical Vest



Advances have been made…

Now that every job and role is available to women, we 
will discover a new physiology of resilience



Physical Strength Trainability 

Kraemer et al.  2004

• Specificity of training - e.g., low rep 
resistance exercise can improve task 
performance such as box lift, load carriage
• After 24 wks, resistance trained women 
could run with a 75 lb pack as fast as a 
comparison group of 100 men



Women have a physiological advantage in high stress conditions  
due to estrogen-regulated lipid metabolism 
• are there measureable advantages in decision making?
• is this a metabolic advantage in hot and cold environments? 
• do the elite women have above average bone properties?
• is lean mass better protected in field deployment conditions?
• do all-female teams decide and perform differently? 

Female Elite Warfighters

Ranger Course Graduates 2015

Norwegian Jegertroppen



Action item #1:   Servicewomen need to be involved in 
research to ensure representation in emerging AI technologies  

“Virtual digital twins” 
in precision nutrition
K. Gkouskou et al. 2020



Monitoring emotional status (“affective computing”)
Virtual humans as behavioral health coaches

http://ict.usc.edu/prototypes/simsensei/
Albert "Skip" Rizzo, Institute of Creative Technologies



Action item #2:   Shape technology to serve the needs of military women  
Assessing and Enhancing the Professional Quality of Life of 
Healthcare Professionals with a Virtual Human Support 
Agent System with Embedded Sensing of User State

Telehealth support for mental 
health strain on nurses 
especially in the COVID era



Decide differently:  friend-foe discrimination

Johnson & Merullo, 1999

Weaponeer marksmanship simulator



Action item #3:   Understand the special 
strengths of female leadership behaviors

Are lower rates of heat 
injury in women a 
reflection of better risk 
assessment skills?

Major General Jennie Carignan

“Leadership is the capacity to 
influence people to do things 
for the common good”

How do all-female special operations 
teams behave and make decisions?  



CONCLUSIONS

1. To-date, military women’s health and performance 
research has resolved many myths and stereotype issues

2. With women now allowed to participate at every level 
and role, we will make new discoveries in performance 
physiology, resilience, and the estrogen advantage 

3. Solutions should be optimized for women on their own 
terms and no longer be centered on making women fit 
to “old-think” designs intended for an all male military
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