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Executive Summary 
Narrative Review Purpose and Scope 

Given the complexity of Service member and military community readiness, health, and well-
being, achieving holistic health and well-being requires that leaders, health promotion and 
integrated primary prevention advocates, and policymakers develop strategies to address 
modifiable fitness, health, and well-being behaviors, practices, and beliefs that have been 
demonstrated to support Force protection. There is a need for a multifaceted and holistic 
approach to military readiness that addresses physical, environmental, financial, medical and 
dental, nutritional, psychological, social, and spiritual health needs of both the Force at large as 
well as individual Service members and the communities that support them. This literature 
review was developed through the lens of health and fitness as an eight-domain framework, as 
described in the Chairman of the Joint Chiefs of Staff Instruction (CJCSI) 3405.01, Chairman’s 
Total Force Fitness Framework, and highlights the interrelatedness of these eight domains, 
wherein health, fitness, and well-being specific to an individual domain can impact these 
attributes within the other domains. Moreover, while military branches may differ in culture as 
well as occupational demands and risks, most of the factors aligned with with these domains 
are universal, with evidence to support their vital nature in both military and civilian 
populations.  

Thus, this narrative review was developed with the following primary objectives: 

1. Provide a comprehensive synthesis of the available scientific, peer-reviewed literature 
demonstrating relationships of health and fitness-related behaviors, practices, and 
beliefs with military-relevant outcomes, including readiness, health, and well-being, at 
both the individual Service member and military community levels. 

2. Demonstrate relationships among the eight domains of holistic health and fitness and 
discuss how these intersections influence military-relevant outcomes, including 
readiness, health, and well-being, at both the individual Service member and military 
community levels. 

3. Provide a foundational document that may serve as a resource for the identification of 
future public health program, policy, and research priorities. 

Gaps Filled by this Narrative Review 

This narrative review was developed to serve as a foundational resource in response to the 
need for a better understanding of current literature regarding military-relevant outcomes 
addressed by the eight health and fitness domains. Although these eight domains have been 
identified as important contributors to a fit and ready fighting military force, previous reviews 
and summaries of evidence supporting  the application of such multi-dimensional frameworks 
of health have focused predominantly on the contribution of one or two domains to outcomes 
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of interest. To date, there has not been a comprehensive synthesis of the current scientific, 
peer-reviewed evidence demonstrating association of eight dimensions of health and fitness-
related with both military-relevant outcomes and each other. Thus, this narrative review aims to 
summarize and synthesize the empirical evidence examining associations of various health and 
fitness-aligned behaviors, practices, and beliefs, and interactions among them, with military-
relevant outcomes.  

Limitations to the Narrative Review 

This is not a systematic review; therefore, no meta-analysis or evaluation of the strength of the 
evidence was performed. The synthesis of the available literature may include potentially 
conflicting evidence, as well as instances where evidence suggests pro-health behaviors, 
practices, and beliefs may have no influence on or be detrimental to military-relevant outcomes. 
Evidence presented in this literature review is the result of studies that may vary in terms of 
rigor (e.g., volunteer sampling approach, study design, analytical approach), which may impact 
generalizability. According to the 2022 Demographics Profile of the Military Community, 19.1% 
of the total DoD Military Force and 17.5% of the active-duty Military Force were female, and the 
distribution of male and female Service members may vary by Service (DoD 2022c). Given the 
demographic make-up of the U.S. Military, volunteer enrollment of study samples that mirror 
the demographics of the Force in original research studies is often challenging. Therefore, the 
findings of some studies may have limited generalizability to military populations. This narrative 
review, while developed and intended to be as comprehensive as possible, may have 
unintentionally excluded some currently available peer-reviewed literature. This document is 
intended to serve only as a synthesis of the current evidence, and no recommendations based 
on the evidence presented have been developed. Therefore, no recommendations aside from 
the identification of research gaps will be provided as part of this review. 

How to Read this Narrative Review 

The synthesized research was organized around six categories of military-relevant outcomes. 
These categories, included as primary sub-sections within the section titled, “The Domains of 
Health and Fitness and Service Member Outcomes,” are as follows: 

1. Cognitive Performance 

2. Behavioral Health 

3. Physical Performance 

4. Physical Health 

5. Recruitment and Retention 

6. Community and Family Readiness 
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These six categories are further divided into secondary sub-sections representing the domains 
of health and fitness for which empirical evidence was identified. It is at this level that 
relationships between domain-specific factors and individual outcomes of interest are 
summarized and synthesized. Each primary sub-section ends with a table or brief narrative 
demonstrating interactions of the domains and how these interactions contribute to the 
category of military-relevant outcomes. A summary of identified evidence gaps, which may be 
helpful for determining topic areas for future investigation, is also included. This narrative 
review was designed to be read either in its entirety or by section or sub-section of interest 
(e.g., impact of psychological health and fitness on physical performance). 

Who May Find this Narrative Review Useful 

The audience for this narrative review consists primarily of public health, health promotion, and 
integrated primary prevention personnel, researchers, and policymakers/proponents. The 
findings synthesized in this narrative review may serve as a useful tool for these audiences to 
better understand how health and fitness-related behaviors, practices, and beliefs may 
influence Service member outcomes. The information contained here may be employed as a 
reference for the development of public health policies and health promotion activities and 
programs; the development of logic models to explain the connections between health and 
fitness-related behaviors, beliefs, and military relevant outcomes; the assessment or evaluation 
of health promotion activities and programs; the development of research proposals aiming to 
address knowledge gaps to further military readiness; the identification of appropriate metrics 
and development of measurement frameworks across the domains of health and fitness; and 
the development of content designed to communicate the importance of readiness, health, and 
well-being-related behaviors, practices, and beliefs to a wider military audience. This narrative 
review may also serve as a resource for follow-on projects designed to carefully and 
systematically analyze and evaluate the strength of evidence pertaining to relationships 
between specific health and fitness-related behaviors, practices, and beliefs and individual 
outcomes of military relevance. 

What this Narrative Review Captures, and Key Takeaways 

The evidence synthesized in this narrative review represents more than 900 original studies and 
systematic reviews that detail more than 50 individual outcomes across the eight domains of 
health and fitness. The amount of empirical evidence synthesized within each domain reflects 
the available science and may indicate potential research biases toward some domains over 
others rather than inclusion preference by the authors of the review. 

A substantial body of evidence, some of which is listed below, suggests that various health and 
fitness-related behaviors, practices, and beliefs influence military-relevant outcomes. 

● Multiple studies provide evidence that, despite the universal availability of both dental 
and medical preventive care in the U.S. Military, barriers to Service member medical 
and dental preventive health remain, including Service member access to care; 
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knowledge and accurate understanding of risks and benefits of some medical 
preventive procedures, such as screenings and immunization; social and personal 
stigmas; misinformation; healthcare provider training and knowledge; and continuity of 
care.  

● Healthy nutrition behaviors appear to cluster, e.g., regular breakfast eating practiced in 
conjunction with healthier dietary patterns.  

● Multiple studies suggest that, to improve and even optimize all aspects of physical 
fitness, Service members should participate in physical activities and training that span 
a variety of modalities, to include aerobic, strength, power, and agility training. Evidence 
also suggests that training specific to occupational tasks may support or improve 
occupational task performance. 

● Evidence suggests that social support, including unit cohesion and morale, may mitigate 
the relationship among exposures such as traumatic experiences, injuries, or moral 
injury and adverse outcomes, including posttraumatic stress disorder (PTSD), experience 
of adverse somatic symptoms, and sleep disturbances. 

In many instances, the behaviors, practices, and beliefs within one domain may have 
meaningful impacts on those within another domain. Some examples of these 
interrelationships follow. 

● In addition to clustering with one another, healthy nutrition behaviors may also 
influence the practice of other healthy behaviors across the domains of health and 
fitness, including increased physical activity, following sleep duration 
recommendations, and practicing healthy dental hygiene behaviors such as 
toothbrushing and yearly dental check-ups. 

● Psychological constructs such as resilience and mental toughness may be important for 
successful completion of physical tasks such as rigorous military training and 
occupational tasks. 

● Evidence suggests that spiritual health may be a key factor for psychological resilience, 
acting as a protective factor for the prevention of both physical and psychological 
burnout and emotional exhaustion among Service members, and this effect may be 
further supported by higher degrees of social health. 

● Financial health may serve as one important leverage point in suicide prevention for 
both Service members and veterans. 

● There is considerable evidence that exposure to environmental factors such as 
extreme heat, humidity, and cold may adversely influence a wide variety of Service 
member outcomes, including cognition and cognitive performance; behavioral health, 
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particularly sleep, mood, and risk for depression symptoms; physical and occupational 
performance; and physical health and well-being. 

Table 1 provides additional examples of the linkages among health and fitness-aligned 
behaviors, practices, and beliefs and military-relevant outcomes that will be discussed in this 
review.  

These relationships support the concept of health and fitness as a series of  interconnected 
factors that work synergystically to influence Service member readiness, health, and well-being. 
While considerable and growing evidence already suggests that Service members’ practice of 
healthy behaviors across all eight domains of health and fitness is vital to ensuring an ever-
ready Force, gaps specific to the military research literature will need to be addressed through 
future studies. These gaps include understanding how health and fitness-related behaviors, 
practices, and beliefs across multiple domains may synergistically influence military-relevant 
outcomes; how wearable technologies aligned with one or more health and/or fitness-related 
metrics may be developed and leveraged to improve Service member health, performance, and 
readiness; and a more robust, scientifically supported (i.e., less anecdotally-based) 
understanding of how the unique military culture and environment may influence the practice 
of healthy behaviors, practices, and beliefs. As these gaps are addressed, it will be important for 
military science professionals and health promotion, integrated primary prevention, and public 
health personnel to maintain a finger on the pulse of this growing evidence base so new 
findings and conclusions may be applied across programs and policies designed to support and 
improve the readiness, health, and well-being of Service members across all U.S. Military 
Services. 
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Table 1. Health and Fitness Domain Relationships with Military-relevant Outcomes 

Domain Factor Relationship 

Environmental 
Health 

Extreme climates 

● Adverse influences on cognitive performance. 

● Adverse impacts on sleep, mood, and mental health. 

● Adverse impacts on physical and occupational performance. 

● Adverse impacts on physical health. 

● Proper acclimation may mitigate some impacts on performance, mood, and physical health. 

High altitude and hypoxia 

● Similar adverse impacts as extreme climate exposure, but via different mechanisms. 

● Proper acclimatization, when possible, may mitigate some adverse impacts of high altitude 
exposure. 

Air quality, continuous noise, 
toxic exposures, dangerous flora 

and fauna, disease vectors 

● May have detrimental impacts on readiness, physical and mental health, and well-being. 

● Generally, cannot be overcome by acclimatization and require different mitigation strategies.  

Domain interaction 
● Environmental health interacts with multiple domains, including Psychological, Nutritional, and 

Physical health; environmental impacts on Service member readiness may be exacerbated by 
concurrent exposures (e.g., sleep deprivation, inadequate nutrition, low physical fitness). 

Financial Health Financial stability 

● Important leverage point for suicide prevention. 

● Financial stability and security support Service member retention and military family 
satisfaction. 
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Financial health prior to 
transition out of military ● Key indicator of military-to-civilian transition success. 

Domain interaction 

● Financial health may influence nutritional health by addressing food insecurity and increasing 
access to high-quality, nutrient-dense foods. 

● Better Financial health may positively impact Psychological, Social, and Medical and Dental 
Preventive health (e.g., mental health, substance use risk, family strain, and interaction with 
healthcare system). 

Medical and Dental 
Preventive Health 

Non-ready classification; 
issuance of medical/dental 

waivers for deployment 

● Increases risk for in-theater medical evacuation, adverse personnel safety and mission impacts, 
and costs. 

Medical provider and Service 
member knowledge and training 

● Better medical training of providers removes barriers that may improve healthcare access. 

● Education of Service members can eliminate healthcare-related stigmas and misinformation 
about medical procedures such as immunization and screenings, improving medical and dental 
outcomes. 

● Better training can improve the availability and level of care provided to Servicewomen, who 
have unique healthcare needs. 

Access to care 

● Improves Service member readiness and deployability. 

● Access to timely care can improve recovery prognosis. 

● Access to even basic medical treatment, such as treatment for severe acne, can have beneficial 
psychological impacts. 

Tobacco use 

● Significantly degrades fitness across all eight health and fitness domains. 

● Increases risk of musculoskeletal injury, failure to recover from injuries and/or surgical 
procedures, and attrition. 
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● Evidence supports effectiveness of intensive campaigns and efforts to support tobacco cessation 
and uptake prevention, but there are still challenges to preventing tobacco use specific to 
military populations. 

Immunizations 

● Decreases Service member morbidity, reducing lost training and work time and adverse mission 
impacts. 

● Protects both military Service members and the civilian communities in which they live, work, 
and are deployed. 

Primary and secondary 
preventive screening ● Increases Service member health and readiness and may improve military retention. 

Domain interaction 

● Medical and Dental Preventive health influence spans the remaining seven domains; reciprocity 
in many of these relationships is evident in the literature (e.g., components of social health may 
influence uptake of medical preventive services such as preventive screenings or 
immunizations). 

Nutritional health 

Dietary patterns 

● Healthy dietary patterns (e.g., consuming adequate amounts and quality of protein, 
carbohydrates, and fats; recommended intakes of fruits and vegetables) support not only 
physical health and well-being but also cognitive, physical, and occupational performance. 

● Consumption of foods rich in micronutrients (i.e., vitamins and minerals) is a protective factor 
against musculoskeletal injury. 

● Unhealthy dietary patterns degrade Service member readiness by adversely impacting body 
composition, chronic disease risk, and injury risk. 

Eating behaviors 

● Influence physical performance. 

● Cluster together; cluster with other healthy behaviors across domains of health and fitness (e.g., 
sleep, physical activity, and dental preventive health). 

Food availability and access ● High nutrition standards at military dining facilities can positively influence Service member diet 
quality. 
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● Poor dietary patterns may be associated with perceptions of limited access to high quality 
foods; improving access to high quality foods can encourage adoption of healthier dietary 
patterns. 

● Making the “healthy choice the easy choice” by reducing access to low-quality foods (e.g., fast 
food restaurants) and increasing healthy dining options can encourage healthy eating. 

Domain Interaction 

● Nutritional health can influence Physical health, as unhealthy behaviors such as skipping 
breakfast may decrease physical activity levels and be associated with lower cardiorespiratory 
fitness, while better overall diet quality may improve physical and occupational performance.  

● Nutritional health may improve Psychological health by decreasing symptoms associated with 
poor mental health. 

● Nutritional health can influence Medical and Dental Preventive health through the effects that 
dietary quality may have on oral, acute, and chronic disease risks. 

Physical Fitness 

Cardiorespiratory fitness 

Muscular endurance 

Strength 

Power 

Agility 

● Support better physical and occupational performance. 

● Support healthier body composition and ability to meet military body composition standards. 

● Support better ability to acclimatize to extreme environments. 

Training modalities 

● Training that incorporates multiple modalities better supports occupational task performance. 

● Multi-modal training supports better physical fitness outcomes. 

● Training specific to occupational tasks can support or even improve task performance. 
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Domain interaction 

● Physical fitness can influence environmental health, as poor physical fitness can degrade the 
ability to acclimatize to extreme environments, increasing injury risk. 

● Physical fitness may influence Psychological health through participation in physical activity and 
training, which can positively impact mental health; however, symptoms of mental illnesses 
such as depression may include decreased motivation to participate in physical activity. 

Psychological 
Health 

Positive Psychological 
characteristics ● Support successful completion of rigorous military training and occupational task performance. 

Mental health 

● Evidence supports reciprocal relationships between mental health and health behaviors such as 
physical activity and building social support networks. 

● Psychological health was the only domain for which there was published evidence from studies 
of military populations for associations with each of the outcomes examined in this literature 
review. 

Coping styles and behaviors 

● Coping behaviors such as active problem-focused coping and positive emotion-focused coping in 
response to various stressors may be associated with better outcomes, including less anxiety, 
lower perceived stress, and fewer symptoms of depression or post-traumatic stress disorder. 

● Mindfulness practice has consistently been demonstrated to positively influence cognitive 
performance, emotion regulation, and stress management. 

Resilience 
● Service members who have greater trait resilience may perform better in stressful conditions. 

● Higher levels of resilience may act as a driver for the practice of health-related behaviors. 

Substance use/misuse 

● Evidence suggests strong bi-directional relationships between alcohol misuse and mental illness 
in Service members. 

● Stress in response to a high OPTEMPO, deployment, and/or combat exposure may exacerbate 
prescription drug misuse, substance abuse, or heavy alcohol use in U.S. Military personnel. 

Domain interaction 
● Evidence supports linkages of psychological health with all other domains of health and fitness, 

suggesting that psychological health is likely paramount for ensuring holistic Service member 
readiness, health, and well-being.  
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Social Health 

Social connectedness and unit 
cohesion 

● Large social networks support both the physical and mental well-being of Service members and 
their families. 

● Social support, including unit cohesion, can buffer the negative impact of traumatic exposures 
and injuries with adverse outcomes, including posttraumatic stress disorder, adverse somatic 
symptoms, and sleep disturbances. 

● Interpersonal support in the workplace can positively influence occupational performance, well-
being, and motivation. 

● Perceptions of military community connectedness may positively influence civilian spouses’ 
satisfaction with military life. 

● Social connectedness can mitigate the stresses of military life on military families and decrease 
spouse and child psychosocial symptoms. 

Leadership 

● Supportive leadership styles can facilitate unit cohesion, better occupational performance, and 
motivation and can positively influence military retention. 

● Negative leadership styles (i.e., abusive or laissez-faire styles) can degrade motivation, well-
being, and occupational performance. 

Hazing and bullying behavior 
● Increase risk for suicidality. 

● Can degrade unit cohesion and performance. 

Domain interaction 

● Social health may influence multiple domains of health and fitness, as participation in social 
groups (e.g., units, teams, or family units) can influence behavior in many of the other domains 
and may serve as significant facilitators or barriers to the practice of healthy behaviors. 

● Social health may directly influence Spiritual health, as a higher degree of social health can 
support greater spiritual health. 

Spiritual Health Spirituality ● Has been a protective factor against harmful behaviors as spirituality and belief in a higher 
power can be associated with a sense of purpose and meaning in life.  
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● Protective factor for prevention of physical and psychological burnout and emotional 
exhaustion. 

Feelings of purpose and meaning ● Serves as a protective factor for suicide prevention. 

Chaplain services 

● Mental health interventions that integrate Chaplain or Unit Ministry leader services may 
improve mental health outcomes. 

● Chaplain- or Unit Ministry leader-provided resources for spiritual health may improve Service 
member spirituality, resilience, family coping, marital satisfaction, and military satisfaction. 

Domain interaction ● Spiritual health may positively impact psychological health through increased resilience, which 
may lower symptoms associated with mental illnesses such as posttraumatic stress disorder. 
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SERE  Survival, Evasion, Resistance, and Escape 

STI  Sexually transmitted infection 

T2DM  Type 2 diabetes mellitus 

TBI  Traumatic brain injury 

USPSTF U.S. Preventive Services Task Force 

USU  Uniformed Services University 
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VO2 max Maximum volume of oxygen consumption during exercise 

WHO  World Health Organization 

WTST  Warrior task simulation test 
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Introduction: What are the Eight Domains of Health and 
Fitness? 

The Need for and Establishment of the Multi-Dimensional Approach to 
Health 

Force protection to ensure Service member readiness is a key component of maintaining a 
ready and lethal Force and may be best accomplished through 1) expeditious remediation of 
illness and/or injuries when they occur; 2) early identification and treatment of sub-clinical 
issues before they reach clinical levels; 3) proactive approaches that prevent mental or physical 
health conditions before they can begin; and 4) the proactive building of competencies that 
contribute to optimized Service member health and performance. Historically, military health 
has demonstrated a more reactive approach, with interventions aimed at alleviating health, 
well-being, and readiness issues already present (Messina and Park 2023). This approach may 
not be optimal for ensuring that the Force is continually ready and able to meet mission 
demands. Department of Defense Directive (DoDD) 6200.04, Force Health Protection, mandates 
that all Service members should be physically and mentally fit to carry out their missions (DoDD 
2004). The need to meet this requirement furnished the impetus to develop a framework 
designed to holistically provide a preventive, or “left of bang,” approach to multiple aspects of 
readiness that include medical, nutritional, and physical fitness considerations, as well as the 
psychological, social, spiritual, and other needs of Service members (Messina and Park 2023). By 
implementing an approach to Force protection that is comprehensive and proactive, issues 
associated with non-readiness (e.g., injury, illness, and other potentially disqualifying 
conditions) may be prevented before they have an opportunity to develop. To this end, The 
Chairman’s  Total Force Fitness Framework serves as an integrative framework by which Service 
member readiness may be addressed through eight domains of fitness: environmental, 
financial, medical and dental preventive, nutritional, physical, psychological, social, and 
spiritual. The identification of and guidance for application of this framework are provided in 
the Chairman of the Joint Chiefs of Staff Instruction (CJCSI) 3405.01, Chairman’s Total Force 
Fitness Framework, published in 2011. This instruction establishes the Total Force Fitness 
framework as a key component of the Department of Defense’s (DoD) Force Health Protection 
Program, specifies the framework be applied across the DoD wherever Service members are 
assigned, and directs that it include both active and reserve components of the U.S. Army, Navy, 
Air Force, Marine Corps, Space Force, and the National Guard, Air Guard, and Coast Guard 
(CJCSI 2011).  

The Total Force Fitness Framework 

Department of Defense Instruction (DoDI) 1010.10, Health Promotion and Disease Prevention, 
(DoD 2014) states that Total Force Fitness is the DoD methodology for understanding, assessing, 
and optimizing Service members’ ability to meet mission requirements in accordance with CJCSI 
3405.01, Chairman’s Total Force Fitness Framework CJCSI 3405.01 (CJCSI 2011). According to 
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CJCSI 3405.01, this framework “is a methodology for understanding, assessing, and maintaining 
the fitness of the Armed Forces” (CJCSI 2011). Thus, the Total Force Fitness framework aims to 
sustain Force protection and lethality by maintaining Service member health, well-being, and 
readiness through a holistic approach that recognizes the integral and interrelated contributions 
of the eight domains to Service member fitness. According to the Military Health System 
website, an important aspect of this framework of health and fitness is the recognition that 
addressing a single domain, or even just one or two domains, is unlikely to be sufficient to 
adequately address holistic health, readiness, and wellness (DHA 2024). Just as the various 
support beams of a scaffold serve to buttress one another at their points of intersection, so, too, 
do the individual domains of a holistic health framework serve to reinforce and even augment 
each other. 

In addition to identifying a holistic framework for health and fitness, CJCSI 3405.01 describes 
five tenets that inform the interrelated functionality of the eight domains (CJCS 2011):  

1. Total fitness extends beyond the Service member; total fitness should strengthen 
resilience in families, communities, and organizations. 

2. A Service member’s family’s health plays a key role in sustained success and must be 
incorporated into any definition of total fitness. 

3. Total fitness metrics must measure positive and negative outcomes and must show 
movement towards total fitness. 

4. Total fitness is linked to the fitness of the society from which the Service members 
are drawn and to which they will return. 

5. Leadership is essential in achieving total fitness. 

These tenets provide additional context pertaining to the intention of the Total Force Fitness 
framework: to address fitness in a holistic fashion, which means not only addressing the 
domains of health and fitness for an individual Service member but also addressing these 
domains on a larger scale as a means by which to promote Force protection since “… a total 
force that has achieved total fitness is healthy, ready, and resilient, capable of meeting 
challenges and surviving threats” (ADM Mullen 2010).  
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An Introduction to The Domains of Health and Fitness 

Table 2 provides an overview of the individual factors of health considered within each domain 
and which informed the literature review. 

Table 2. Factors Commonly Used to Operationalize the Domains of Health and Fitness 

Domain Factors 

Environmental Health 

Air quality 

Built environment 

Elevation/Altitude 

Noise  

Thermal stress 

Whole-body vibration 

Financial Health 

Financial capability 

Financial literacy 

Financial planning  

Financial saving 

Financial stability 

Income variability  

Money and debt management skills 

 

Medical and Dental Preventive Health 

Cardiometabolic health 

Dental hygiene 

Dental preventive care 

Hearing loss prevention 

Immunization 

Health screening 

Men’s health and screening 
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Sexual health 

Tobacco use 

Vision loss prevention 

Women’s health and screening 

Nutritional Health 

Dietary patterns 

Diet quality 

Dietary supplement use 

Food access 

Macronutrients 

Micronutrients 

Physical Fitness 

Aerobic capacity 

Agility 

Body composition 

Endurance 

Flexibility 

Mobility 

Muscular endurance 

Physical training modalities 

Strength 

Psychological Health 

Alcohol abuse 

Behavioral health practices 

Coping strategies 

Emotional regulation 

Mental wellness 
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Mental toughness 

Perseverance 

Resilience 

Sleep  

Substance use or misuse 

Social Health 

Community engagement 

Family relationships 

Interpersonal relationships 

Leadership style and skills 

Social connectedness and engagement 

Unit cohesion 

Spiritual Health 

Ethics 

Ideology 

Meaning in life 

Moral injury 

Purpose 

Religiosity 

Spirituality 

Environmental Health 

CJCSI 3501.01 defines environmental fitness as “the ability to perform mission-specific duties in 
any environment” (CJCSI 2011). Other publications provide ancillary context, adding that 
environmental health ensures Service members can “withstand the stressors of deployment and 
war,” although in many cases metrics for this domain remain incompletely defined for most 
environments (O'Connor et al. 2010). The literature identifies numerous environmental factors 
reported to influence Service member performance or readiness, particularly those associated 
with extreme environments, including thermal stress-inducing climates and extreme altitudes. 
However, in addition to challenges presented by climate or the natural environment, 
environmental stressors may also include manmade environmental factors such as noise, air 
quality, and whole-body vibration (USU 2022). Furthermore, the built environment, which may 
include office buildings, housing, or dining facilities, may also contribute to environment-related 
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stress of Service members and should therefore be included in considerations of Service 
member health, well-being, and performance. Exposure to any of these environmental 
variables, whether natural or manmade, has the potential to manifest as adverse physical and 
psychological outcomes in unprepared Service members. Thus, environmental health may be 
considered as preparedness of Service members to maintain their health, well-being, 
performance, and, ultimately, lethality despite potentially challenging or adverse environmental 
conditions.  

Financial Health 

The inclusion of a recommendation to “promote Service members’ financial literacy” in the 
Report of the Military Compensation and Retirement Modernization Commission demonstrates 
the DoD’s recognition of the role that financial literacy and associated fitness play in Service 
member readiness and well-being (MCRMC 2015). Resources, such as the Human Performance 
Resources on the CHAMP website, define financial fitness as “the combination of attitude, 
knowledge, and skills to make and exercise money management decisions that best support [an 
individual’s] life circumstances” (USU 2022). Specific examples include an individual’s money 
and debt-management skills, ability to plan for potential emergencies and unforeseen 
circumstances, ability to set and meet financial goals, and recognition of the value of 
investment-wealth strategies (DHA 2024). Gaps in any of these areas potentially impact Service 
member financial readiness, which is defined in Department of Defense Instruction (DoDI) 
1322.34, Financial Readiness of Service Members, as “The state in which successful 
management of personal financial responsibilities supports a Service member’s ability to 
perform their duties" (DoD 2021). DoD’s adoption of a multi-faceted, holistic approach to 
assessing a Service member’s financial health and its impact on readiness is also informed by 
work of the Consumer Financial Protection Bureau, which defines financial well-being as a state 
of being wherein a person can fully meet current and ongoing financial obligations, can feel 
secure in their financial future, and is able to make choices that allow enjoyment of life (CFBP 
2024).    

Medical and Dental Preventive Health 

According to the Chairman’s Total Force Fitness Framework, medical and dental preventive 
fitness is “the ability to meet established standards for medical readiness” (CJCSI 2011). For U.S. 
Military Service members, these standards include being free from conditions or physical 
defects that would require excessive lost duty time or adversely affect performance of duties 
(CJCSI 2011). United States Medical Standards for Military Service lists these conditions or 
defects, to include factors such as chronic diseases and musculoskeletal or other injuries (DoD 
2022a, 2022b). Military medical standards also require that Service members are up to date on 
dental and medical wellness exams; attend required vision, hearing, and health screenings; 
adhere to immunization requirements; and are free of communicable diseases (DoD 2022a, 
2022b). However, medical and dental preventive health may also include Service member 
health behaviors such as tobacco-free living, daily dental hygiene practices, regular use of vision 
and hearing protection devices, and safe sex knowledge and practices, as well as 
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sociodemographic considerations such as healthcare access, social stigmas, and other barriers. 
Notably, many of these factors align with the U.S. Department of Health and Human Services’ 
Healthy People Goals, Objectives, and Evidence-based Resources (DHHS 2024) and are 
specifically cited in DoDI 1010.10, Health Promotion and Disease Prevention (DoD 2014). This 
suggests these factors are important indicators for Service member health, well-being, and 
readiness, as well as general population health.  

Nutritional Health 

Nutritional fitness is defined in CJCSI 3501.01 as “the ability to recognize and select the requisite 
nutrition to sustain and optimize physical and cognitive performance and health” (CJCSI 2011), 
and as “the provision and consumption of foodstuffs in quantities quality, and proportions 
sufficient to preserve mission performance and to protect against disease and/or injury” in Total 
Force Fitness for the 21st Century: A New Paradigm (Montain, Carvey, and Stephens 2010). 
Additional resources further note that nutritional health refers to “…finding the right ‘fuel’ so 
[individuals] perform at [their] best” and add that a good diet is not only healthy but also 
habitual (DHA 2024). Furthermore, nutrition, along with physical activity and obesity, is cited as 
a leading health indicator in both Healthy People Goals, Objectives, and Evidence-based 
Resources (DHHS 2024) and Health Promotion and Disease Prevention (DoD 2014), suggesting 
that nutrition is a vital aspect of both general population and Service member health, well-
being, and performance. To this end, nutritional health has been operationalized using a variety 
of metrics, including the consumption of macro- and micronutrients based on mission 
requirements, selection of nutrient-dense foods, the type and quantity of dietary supplement 
use, and access to high-quality foods (USU 2022). Thus, nutritional health can be thought of as 
the quality of foods Service members consume, how much of those foods they consume, and 
how accessible, affordable, and acceptable those foods are.  

Physical Fitness 

Much like nutritional health, physical fitness has been consistently included and defined in 
various forums and is also included as one of the leading health indicators cited in both Healthy 
People Goals, Objectives, and Evidence-based Resources (DHHS 2024) and Health Promotion and 
Disease Prevention (DoD 2014). As defined in CJCSI 3405.01, Chairman’s Total Force Fitness 
Framework, physical fitness is, “the ability to physically accomplish all aspects of the mission 
while remaining healthy and uninjured” (CJCSI 2011), a definition echoed verbatim in Defining 
Total Force Fitness for the 21st Century: A New Paradigm (Roy et al. 2010), which also adds that 
physical fitness can be divided into four components: endurance, mobility, strength, and 
flexibility. This domain is further operationalized through metrics of strength and agility, aerobic 
capacity or VO2max, muscular endurance, functional mobility, physical training modalities, 
indices such as the body mass index (BMI), and body composition metrics such as lean mass and 
percent body fat (USU 2022).  
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Psychological Health 

As defined in CJCSI 3405.01 Chairman’s Total Force Fitness Framework, psychological fitness 
refers to “the ability to effectively cope with the unique mental stressors and challenges needed 
to ensure mission readiness” (CJCSI 2011). While this is a precise and succinct definition of 
psychological fitness, it does not address the wide range of factors and spectrum of 
characteristics that contribute to psychological health or the health, well-being, and mission 
readiness of Service members. To this end, Human Performance Resources by CHAMP, 
developed by the Consortium for Health and Military Performance (CHAMP), provides 
additional detail, adding that “mental fitness—including toughness and resilience—contributes 
to the overall goal of optimum performance” (USU 2022). Total Force Fitness for the 21st 
Century: A New Paradigm further states that psychological fitness is “the integration and 
optimization of mental, emotional, and behavioral capacities to optimize performance and 
strengthen the resilience of [Service members]” (Bates et al. 2010). This underlines the concept 
of identifying and employing strategies for improving psychological health to address a variety 
of factors, including mental toughness and resilience,  cognitive performance, coping skills, 
emotional regulation, sleep, mental health behavioral practices, and alcohol and substance use 
or misuse.  

Social Health 

Social fitness is defined by CJCSI 3405.01 Chairman’s Total Force Fitness Framework as “the 
ability to engage in healthy social networks that promote overall well-being and optimal 
performance” and is often presented in the context of social cohesion for Service members 
(CJCSI 2011; USU 2022). Total Force Fitness for the 21st Century: A New Paradigm stresses the 
scientific support for the importance of social cohesion and morale in military populations. The 
authors note that in the context of military sociology, social cohesion is a Force strength 
multiplier and “the strengthening and psychologically protective effect of stable, socially 
cohesive units is not scientifically speculative, ambiguous, or uncertain” (Coulter, Lester, and 
Yarvis 2010). Thus, social health reflects both an individual’s ability to form healthy social bonds 
and the intertwined nature of the individual with the larger structure of family and community 
relationships, all of which are “crucial to [Service member] health and performance” (USU 
2022). Thus, assessment of a Service member’s social health should consider not only the 
fitness of an individual, but also the fitness of family and social groups with which an individual 
may interact, recognizing that there are likely reciprocal relationships between the fitness of an 
individual and that of the social networks (familial or otherwise) and environments with which 
an individual interacts (McCarthy et al. 2023). However, assessment of social health can be 
challenging, as the construct is complex and multifactorial, often involving complicated factors 
such as the nature of individual social engagement, interpersonal relationships, family 
relationships, community engagement, the nature and quality of professional relationships, 
culture, peer-to-peer networks, social development, and leadership (McCarthy et al. 2023). 
These various constructs demonstrate the influential nature of social health at essentially all 
levels of the socioecological model and may be considered as the cumulative effect of both 



25 

positive and negative relationships among family and community members, professional 
colleagues, and leadership.  

Spiritual Health 

Although spiritual health as a field of study is relatively new, the understanding of its 
importance in health and well-being has been growing steadily. Defined in Chairman’s Total 
Force Fitness Framework as “the ability to adhere to beliefs, principles, or values needed to 
persevere and prevail in accomplishing missions” (CJCSI 2011), the spiritual health of Service 
members includes their beliefs about the meaning of life or a non-physical dimension of life, 
often within the framework of religious belief (Huffard, Fritts, and Rhodes 2010). However, the 
definition of spiritual health also extends beyond theological aspects and the practice of 
religious beliefs to encompass ideology, or “a systematic body of concepts especially about 
human life or culture” (Merriam-Webster 2024). In this sense, spiritual health in the military 
context can be conceptualized as encompassing identity and belonging, awareness of meaning 
and purpose, embracing Service core values, and the ability to cope, as defined by Human 
Performance Resources by CHAMP (USU 2022). It is important to recognize that spirituality and 
spiritual health may look very different to different people and that the favoring of one spiritual 
tradition over another would be inappropriate for the U.S. Military; instead, spiritual fitness in 
the military context should focus on the personal intersection of spirituality, ideology, and 
ethics, which provides room for the development of guidelines, recommendations, and policy 
without favoring one spiritual tradition over another (Huffard, Fritts, and Rhodes 2010). 
Importantly, spirituality may also include access to spiritual, ideological, and philosophical 
support services to further develop and support health in this domain. 

The Narrative Literature Review 

Background 

Despite general population evidence suggesting associations of various behaviors, beliefs, and 
practices with outcomes likely relevant to military populations, understanding whether and how 
these associations translate to military Service members is an important aspect of developing 
health promotion and integrated primary prevention campaigns, programs, interventions, and 
policies. Knowledge of gaps in the available body of evidence can assist research and analytic 
partners in identifying potential areas for future study, facilitating effective and efficient use of 
funding and the development of partnerships to answer remaining questions. This literature 
review was undertaken as an important first step to addressing the need for better awareness 
of the available literature as well as to identify where gaps remain, with the objective of 
providing a clear picture of the current body of evidence as it pertains to factors and metrics in 
alignment with the domains of health and fitness as well as the potential relationships between 
those factors and metrics and military-relevant outcomes. Thus, this review aims to serve as a 
foundational document for the development of future health promotion-related assessments, 
programs, and evaluations, the institution of new policies, and the identification of health 
promotion research needs. 
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Approach  

This literature review was purposefully developed to be broad in scope to capture a 
comprehensive depiction of the available military-specific research regarding health and fitness-
related behaviors, practices, and beliefs, and their associated military-relevant outcomes. 
Therefore, inclusion criteria for this narrative literature review were as follows: 

1) Literature addressed one or both of two guiding questions: 
a. What does scientific evidence suggest regarding associations of Service member 

behaviors, beliefs, and/or practices that align with one or more of the domains of 
health and fitness with outcomes of military relevance, including but not limited 
to Service member health, well-being, and readiness? 

b. What does scientific evidence suggest regarding the interrelatedness of the 
domains of health and fitness and how relationships between the domains 
and/or aligned behaviors, beliefs, and practices influence outcomes of military 
relevance, including but not limited to Service member health, well-being, and 
readiness? 

2) Literature underwent the peer-review process and was published in research journals 
(i.e., gray literature was out of scope for this review). 

3) Literature was specific to research studies conducted with military populations. While 
primary focus was placed on U.S. Military populations, studies conducted with foreign 
militaries were also included, with primary consideration given to North Atlantic Treaty 
Organization countries. 

4) Literature was published in or after January 2000. 

Literature considered within scope included both qualitative and quantitative original research 
studies, systematic reviews, meta-analyses, and, in some cases, narrative literature reviews. 
Search terms for the literature review included each health and fitness domain and how it 
relates to an a priori determined list of military-relevant outcomes. These outcomes were 
identified based on discussions with subject matter experts. PubMed and PsychInfo databases 
were searched between March and July 2023, with additional iterative searches extending to 
November 2023. After exclusion of literature that did not meet all inclusion criteria, a total of 
1,227 articles were extracted into the literature database for inclusion in the literature review.  

Table 3 provides counts for the total number of published, peer-reviewed studies identified for 
each of the eight domains of health and fitness, as well as the overall number of published, 
peer-reviewed studies identified.  
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Table 3. Identified Literature Counts by Health and Fitness Domain 

Domain Total Count 

Environmental 230 

Financial 45 

Medical/Dental Preventive 308 

Nutritional 171 

Physical 199 

Psychological 146 

Social 57 

Spiritual 71 

Overall 1,227 
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The Domains of Health and Fitness and Service Member 
Outcomes  

Cognitive Performance 

Health and Fitness Domains with Evidence Pertaining to Cognitive Performance 

Environmental Financial Medical/ 
Dental Nutritional Physical Psychological Social Spiritual 

        

Introduction  

Cognitive performance generally refers to multiple mental abilities including learning, thinking, 
reasoning, remembering, problem solving, decision making, and attention (Harvey 2019). 
Preservation and improvement of cognitive performance, both higher order processes such as 
executive function as well as more basic functions, such as vigilance, have been topics of 
interest in the general population (Falck et al. 2017; Petersson and Philippou 2016; Sabia et al. 
2009; Solfrizzi et al. 2017) and military populations alike, especially given the high cognitive 
demands placed on Service members and the high-stakes nature of many military occupations. 
For example, the inability to simultaneously employ sustained vigilance and effectively process 
and reason through received stimuli during guard duty tasks could have life or death 
consequences for Service members. A recent systematic review of 60 studies noted that among 
health-related behaviors, practices, and beliefs, factors associated with improved Service 
member cognition included aerobic fitness and dietary and nutritional supplementation, while 
factors such as fatigue, dehydration, and undernutrition were associated with poorer cognitive 
function (Martin et al. 2020). Thus, the extent to which factors within each of the eight 
dimensions of health might serve to preserve or augment Service member cognitive 
performance is likely to be of interest to both Service members and military leaders.  

Environmental Health and Cognitive Performance 

Environmental factors such as thermal stress and high altitude can impact cognitive 
performance. 

Environmental heat exposure and cognition 

Research with the general population and military Service members suggests environmental 
exposures, particularly severe environments such as those with extreme hot or cold climates, or 
those at high elevation, may have significant and often adverse effects on cognitive 
performance (Buoite Stella and Morrison 2022; de Aquino Lemos et al. 2012; Falla et al. 2021; 
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Hancock et al. 2007; Martin et al. 2019; Muller et al. 2012). For example, exposure to a hot, 
humid climate during sustained field training was reported to result in severe decrements in the 
reaction time, vigilance, short-term spatial memory, motor learning, attention, short-term 
memory, and grammatical reasoning of U.S. Army officers (Lieberman et al. 2005). However, 
some studies have reported no impact of heat-induced thermal stress on cognitive functions 
(Ashworth et al. 2021; Caldwell et al. 2011; Tikuisis and Keefe 2005), while others have noted a 
variety of potentially confounding factors, including sustained and intense physical activity, 
inadequate nutrition, sleep deprivation, and dehydration, all of which may also impact Service 
member cognition. For instance, field training exercises that include severe sleep restriction 
coupled with high energy expenditure have been reported to degrade cognitive alertness 
(Ponce et al. 2023). Thus, when investigating the association of heat exposure with cognitive 
performance in the context of field training or other sustained operations, it is important to also 
consider potential mediating or moderating effects these factors may have on this relationship, 
as they may have implications for results interpretation. This was demonstrated in controlled-
environment laboratory studies in which no change was observed in cognitive performance or 
performance on military-relevant functional tasks when adequately fed and hydrated male and 
female Service members were exposed to heat strain (Ashworth et al. 2021; Caldwell et al. 
2011; Tikuisis et al. 2002).  

Environmental heat exposure duration and cognition 

Heat exposure duration may also be an important variable in studies of thermal stress effects on 
cognition (Martin et al. 2019). In a meta-analysis of 49 studies,  there was a systematic effect of 
increasing heat exposure duration on declining performance of cognition-related functional 
tasks intended to assess perception and psychomotor response (Hancock et al. 2007). However, 
there remains disagreement regarding the nature of this relationship, as at least one meta-
analysis suggested that shorter exposure at higher temperatures may result in larger 
decrements of cognitive function (Pilcher et al. 2002). In support of the latter, laboratory-
controlled studies that achieved only relatively mild elevation of the core temperature found 
little or no association between the heat-induced thermal stress and cognitive performance 
(Ashworth et al. 2021; Caldwell et al. 2011). However, a systematic review of 124 studies 
suggests the complexity of the cognitive task may play a mediating role in determining the 
magnitude of cognitive deficit resulting from thermal stress (Martin et al. 2019). Together, these 
studies suggest thermal stress resulting from heat exposure may adversely affect Service 
member cognitive performance, but exposure duration, temperature, and complexity of the 
cognitive task or function in question may be important factors when considering the 
magnitude of cognitive decrement.  

Environmental cold exposure and cognition 

Perhaps more so than heat exposure, there is compelling evidence to suggest that exposure to 
extreme cold may elicit decrements in cognitive performance relevant to military tasks, 
including time to detect targets, reaction time, sustained attention, and visual vigilance (Adam 
et al. 2008; Kallinen and Ojanen 2023; Lieberman et al. 2009). In a systematic review of studies 
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conducted with participants exposed to either cold air or cold water, a significant decrease in 
cognitive function was observed for both cold conditions, even after accounting for other 
confounding factors. Notably, in 15 of the 18 studies included in this systematic review, cold 
exposure significantly impaired performance in cognitive domains, including attention, 
executive function, and memory, even prior to the onset of accidental hypothermia (Falla et al. 
2021). Evidence also suggests that, such as thermal strain resulting from heat exposure, the 
duration of cold exposure may play an important role in the degree of cognitive function 
decrement resulting from cold-associated thermal strain (Hancock et al. 2007), although 
exposure to cold, even temperatures at or below 64◦F, may have more profound effects on 
cognition as compared with heat exposure, as suggested in one systematic review and meta-
analysis of 23 studies (Pilcher et al. 2002). However, on this point, there is disagreement among 
systematic reviews (Hancock et al. 2007).  

Similar to studies conducted with Service members in hot climates, there may be other factors 
that influence the association between cold exposure and cognitive outcomes. For example, a 
study of male Finnish military personnel exposed to extreme cold during field training reported 
that study subjects exhibited impaired cognitive function but also underwent sustained physical 
exertion, sleep deprivation, and energy deficit, all of which may have also contributed to the 
observed decline in cognitive function (Kallinen and Ojanen 2023). Likewise, a study examining 
the effects of laboratory-induced cold stress on male trainees during recovery following 
intensive U.S. Army Ranger training found that visual vigilance decreased over the course of 
recovery while other cognitive factors, such as reaction time, pattern recognition, learning, and 
reasoning, improved. Based on this finding, the authors concluded that, in this scenario, it was 
the rigors of field training that had the more profound influence on cognition (Lieberman et al. 
2009). Two earlier studies of reserve and active- duty male and female Canadian Service 
members also found that in a controlled laboratory environment designed to isolate the effects 
of thermal strain, moderate cold stress did not negatively impact performance on cognitively 
demanding marksmanship tasks; in some cases, precision and accuracy were improved (Tikuisis 
and Keefe 2005; Tikuisis and Keefe 2007). 

High-altitude flight and cognitive function 

Exposure to high-altitude flight resulting in hypoxia, particularly exposure to lower partial 
pressure of oxygen (McMorris et al. 2017), has been reported in both the general population 
(Pun et al. 2018) and military populations to adversely influence both executive function and 
more basic aspects of cognitive function such as working memory, attention, perception, and 
concentration (Aebi et al. 2020; Bliemsrieder et al. 2022; Malle et al. 2013; McMorris et al. 
2017). While the underpinnings of this process are not well-characterized, it is likely that arterial 
desaturation and associated compensatory biological mechanisms affecting cerebral 
metabolism are responsible for altitude-associated impairments in cognitive performance (Ando 
et al. 2020).  

The effects of high-altitude exposure experienced by military pilots on cognition and functional 
capacity for cognitively demanding tasks during flight may be considerable, as suggested in a 
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study of male military helicopter pilots exposed to mild hypoxia during flight simulations at 
14,000 feet versus 8,000 feet (Bouak et al. 2018). A study of male and female U.S. Marine Corps 
and Navy aircrews found that acute exposure to an altitude of 20,000 feet in a pressure-
controlled chamber rapidly induced significant impairment of cognitive functions, particularly 
among learning and memory domains, such that participants failed to encode new memories 
when administered a standardized learning task (Nation et al. 2017). This finding is supported 
by a preceding study of male French military personnel showing adverse effects of high-altitude 
hypoxia on working memory (Malle et al. 2013). Similarly, a small study of male and female U.S. 
Navy pilots found the ability to complete simple timed math problems and auditory monitoring 
tasks declined significantly at 18,000 feet and at 25,000 feet, although sessions typically were 
not sustainable for longer than 5 minutes because of low oxygen saturation, pilot-requested 
descent, or pilots becoming unresponsive (Beer et al. 2017). Acute exposure to hypoxia may 
adversely influence executive aspects of functional cognitive performance, as demonstrated in a 
study of pilots who were asked to perform flight tasks under particularly challenging simulated 
flight conditions, including hypoxia (Temme et al. 2010). During the hypoxic condition, pilot 
control of the aircraft was significantly more variable than during the normoxic condition, and 
there was a large effect size of the hypoxic condition on pilot ability to maintain both speed and 
altitude. Results of this study demonstrate that tests designed to assess individual domains of 
Service member cognition, such as vigilance, attention, or memory, may be inadequate to 
capture the decrements in performance that can occur with high altitude exposure. Thus, 
studies designed to assess performance on flight-related functional tasks that require 
combinations of cognitive functions may be more effective for demonstrating how altitude can 
meaningfully and negatively influence pilot cognition (Temme et al. 2010). Recommendations to 
help mitigate the adverse effects of altitude on cognitive performance of pilots and other flight 
personnel flying unpressurized aircraft include oxygen supplementation for the first 30 minutes 
at altitudes above 10,000 feet (Fabries et al. 2022).  

High elevation environments, acute mountain sickness, and cognitive function 

High elevation environments such as those in high mountain regions can also present challenges 
to Service members, as exposure to high altitudes and the low partial pressure of oxygen, 
especially in cases of rapid ascent (e.g., elevation increases of approximately 2000 feet or more, 
or abrupt ascent to more than 9,800 feet), can result in altitude sickness and alterations in 
cognitive function for the unacclimatized (Fabries et al. 2022). Research suggests that these 
decrements in cognitive performance induced by exposure to high elevations can be 
exacerbated or even facilitated by sleep deprivation, highlighting the importance of sleep for 
Service members, especially those traveling to high elevation environments (de Aquino Lemos 
et al. 2012; Fabries et al. 2022; Figueiredo et al. 2022). 

Evidence suggesting the importance of proper acclimatization for the prevention of altitude 
sickness and associated effects on cognition has been provided by studies of the general 
population (Bliemsrieder et al. 2022; Pun et al. 2018; Zhang et al. 2013). In addition to gradual 
acclimatization, studies of the general population suggest that moderate exercise may improve 
cognitive performance at high altitude (Ando et al. 2020). However, some effects of hypoxia 
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exposure on cognition may persist beyond initial acclimatization and may take up to 24 hours to 
resolve (Phillips et al. 2015). At least one general population study suggests there may be 
important differences in the physiologic responses to hypoxia in normobaric versus hypobaric 
altitude exposure, as hypoxia in a simulated normobaric environment induced different 
cardiovascular and sympathetic nervous system responses as compared with hypoxia in a 
hypobaric environment (Hohenauer et al. 2022), a finding that may have implications for the 
interpretation of hypoxia research conducted in the two different environments.  

While understanding the influence of environmental heat, cold, and altitude exposure on 
Service member cognitive function and performance is important for determining how to best 
prevent the adverse effects these factors may have on Service members’ ability to think and 
react, these variables represent only a small sample of the various environmental exposures 
that could potentially affect Service members. For instance, associations of toxic environmental 
exposures common during deployment, including burn pits, pesticides, and exhaust fumes, with 
chronic multi-symptom illness, which includes symptoms related to cognitive changes, have 
been reported in veterans of the wars in Iran and Iraq (DeBeer et al. 2017). Additional research 
into how other environmental exposures, including natural exposures (e.g., hypobaric pressure) 
man made exposures (e.g., carbon monoxide or carbon dioxide gases, or particulate matter 
suspended in the air), and occupational exposures (e.g., whole-body vibration, hazardous noise, 
and exposure to chemicals via inhalation or dermal contact) may either augment or degrade 
Service member cognitive function and performance will likely be an important aspect of 
ensuring that Service members are ready and able to perform at their best, regardless of 
environmental conditions.  

Medical and Dental Preventive Health and Cognitive Performance 

Evidence suggests that medical and dental preventive health may support aspects of Service 
member cognitive function. There is evidence demonstrating the importance of both abstaining 
from tobacco use and preserving adequate hearing ability for cognitive function and 
performance in military populations (Giannakoulas et al. 2003; Job et al. 2018). 

Tobacco withdrawal and cognitive performance 

Evidence suggests that tobacco use may have adverse effects on cognition as a result of 
withdrawal symptoms associated with mandated abstinence. A study of male Hellenic Air Force 
pilots reported adverse effects on pilot concentration, alertness, and reaction time following 
mandatory 12-hour abstinence from smoking prior to flight duties (Giannakoulas et al. 2003). 

Hearing conservation for preservation of cognitive performance 

Hearing is vital for Service member lethality and survivability (Abel 2008; Keller et al. 2017; 
Sheffield et al. 2017). For example, impaired hearing may impact the ability to effectively hear 
vital communications and commands (Keller et al. 2017) which could have dire consequences in 
combat scenarios. In one study of U.S. Sailors, impaired speech intelligibility interfered with 
their ability to interpret and respond to auditory information and commands and their ability to 
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pay attention to visual information (Keller et al. 2017). Furthermore, blast exposure or 
consistent exposure to factors such as continual loud or moderately loud noise may be sufficient 
to impair cognitive function even without obvious hearing loss (Grant et al. 2021; Irgens-Hansen 
et al. 2015). Exposure to factors that may threaten auditory function are often unavoidable in 
many military occupational specialties (MOS). For example, personnel aboard naval ships may 
be exposed to 77 dB of continual average background noise, which approaches the 84 dB noise 
threshold for hazardous continuous noise set by the DoD and individual Service branches (DoD 
2019). In one study of Royal Norwegian Navy personnel, cognitive testing revealed that 
continual loud noise exposure may have impaired reaction time on visual attention tests even 
after accounting for alertness, workload, the amount of sleep on the night preceding cognitive 
testing, and hearing protection device (HPD) use (Irgens-Hansen et al. 2015). Moreover, in this 
study, self-reported HPD use by military personnel with the highest levels of noise exposure may 
have attenuated the magnitude of association between increasing noise exposure and delayed 
reaction time, suggesting the effects of continuous noise exposure may have been worse had 
participants not worn hearing protection (Irgens-Hansen et al. 2015). Even low-frequency noise 
exposure may adversely impact higher cognitive functions such as logical reasoning and 
mathematical calculations, as suggested in a systematic review of eight studies (Liang et al. 
2024).  

Hearing conservation aims to ensure Service members are protected from and educated about 
exposure to various occupational hazards that may adversely affect their auditory function, 
including noise, blasts, and ototoxic substances (Fuente et al. 2019; Kaufman et al. 2005). 
Although HPD use is encouraged and demonstrated to be effective in preserving Service 
member hearing (Batchelor et al. 2020; Cleveland 2009; Paakkonen and Lehtomaki 2005), 
consistent use of HPDs by military Service members is mixed (Abel 2008; Acchiardo et al. 1991; 
Jones and Pearson, 2016). When asked about facilitators and barriers to HPD use, Service 
member responses vary, but common themes include inability to hear commands or other vital 
communications, reduced situational awareness, poor fit, and discomfort (Abel 2008; Acchiardo 
et al. 1991). In some cases, HPD educational programs may be ineffective as they do not address 
these concerns (Jones and Pearson, 2016). Studies suggest training Service members to 
correctly and effectively fit and self-test HPDs may improve the attenuation rating achieved 
when Service members use HPDs (Federman and Duhon 2016; Federman et al. 2021). Devices 
specially designed to meet the unique needs of Service members, such as active earmuffs, use 
advanced digital technology to enhance certain sounds such as speech while suppressing or 
attenuating loud noises and can facilitate communication and help to ameliorate 
communication-related concerns (Clasing and Casali 2014; Federman et al. 2022; Giguere et al. 
2015; Manning et al. 2017). 

Among the potential long-term auditory-related consequences of noise, blast, and/or ototoxic 
exposures is the development of tinnitus. This condition causes intermittent or persistent 
ringing in the ears, which may be detrimental to cognitive function (Lewis et al. 2023). In a study 
examining the relationship between tinnitus and cognitive function, male and female Service 
members and veterans affected by tinnitus exhibited significantly impaired inhibitory control as 
compared to those without, although in this case the authors determined that tinnitus 
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appeared to influence cognitive efficiency more than performance (Sherlock and Brungart 
2021). Earlier studies of tinnitus provide additional support for these findings, noting that 
tinnitus was associated with impaired attention, concentration, reading, speech, hearing, and 
understanding, as well as sleep disorders (Henry et al. 2019; Job et al. 2018). Together, these 
findings suggest that medical and dental preventive health, namely hearing conservation, may 
be a way to help ensure continued Service member cognitive function and performance.  

Nutritional Health and Cognitive Performance 

There is mixed evidence on the benefits of dietary supplements to improve cognitive 
performance. 

Dietary supplements 

Evidence supporting the use of dietary supplements for the sustainment or improvement of 
cognition is relatively small for military populations, likely due to strict standards and 
restrictions for Service members, coupled with a relative lack of robust evidence (Crawford et al. 
2021). Nevertheless, studies suggest there may be benefits associated with some dietary 
supplements in terms of improving or sustaining Service member cognition (Austin et al. 2014; 
Dretsch et al. 2014; Oliver et al. 2021; Stephens et al. 2014; Zwilling et al. 2020; Samadi et al. 
2022). A recent randomized, controlled trial suggested that co-supplementation of beta-alanine 
and creatine for 28 days improved mathematical processing performance of male Soldiers over 
time as compared with beta-alanine supplementation alone (Samadi et al. 2022). Caffeine is 
often touted as having beneficial effects on cognition, as suggested in a recent meta-analysis in 
which caffeine in the form of energy drinks elicited small improvements in cognitive reaction 
time but not accuracy (Oliver et al. 2021). However, while consumption of energy drinks and 
shots for the purposes of improving mental alertness and endurance is common among U.S. 
Service members, these supplements may also be associated with adverse physiological 
reactions, including heart palpitations and difficulty sleeping (Stephens et al. 2014), highlighting 
the fact that Service members must be cautious in the use of dietary supplements. In addition 
to caffeine, dietary supplements in the form of vitamin, mineral, and/or herbal ingredient 
blends that may not be accurately represented on product labels are often targeted to Service 
members with claims of increasing cognitive performance, despite a lack of robust research to 
support such claims (Crawford et al. 2020; Crawford, Boyd, and Deuster 2021). A recent study 
evaluated scientific-sounding claims and employed an educational tool designed to flag 
potentially unsafe and/or banned substances coupled with laboratory testing to investigate 12 
popular dietary supplements claiming to enhance cognition (Crawford et al. 2020). The majority 
(67%) of products examined had at least one ingredient listed on the label that could not be 
identified through laboratory testing, while 83% of the tested products contained one or more 
ingredients not listed on the label (Crawford et al. 2020). Furthermore, the study identified 
multiple scientific-sounding claims made by the supplement manufacturers that were not 
scientifically supported (Crawford et al. 2020). 
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Dietary supplementation may augment the effects of other interventions designed to improve 
Service member cognitive performance. For example, in a novel physical training program, a 
dietary supplement consisting of β-hydroxy β-methylbutyrate, lutein, phospholipids, 
docosahexaenoic acid (DHA), and various micronutrients was provided to male and female U.S. 
Air Force study participants. This combination led to improvements in various cognitive 
domains, including working memory, reaction time, and processing efficiency by almost 10% 
over the novel physical activity intervention alone (Zwilling et al. 2020). However, while some 
studies have suggested associations of dietary supplement use with cognitive outcomes ranging 
from mood states to coordination, there is currently little biological mechanistic evidence or 
studies on causality to explain or support these relationships (Austin et al. 2014). Furthermore, 
some studies have failed to identify relationships between dietary supplementation and 
cognitive performance, including a study of primarily male (93.0%) active-duty U.S. Soldiers 
which found that an omega-3 fatty acid supplement consisting of DHA, eicosapentaenoic acid 
(EPA), and docosapentaenoic acid had no significant effect on measures of neurocognitive 
functioning (Dretsch et al. 2014). Likewise, a double-blind randomized controlled trial 
conducted with primarily male (98.6%) U.S. Army officers suggested no association of fatty acid 
supplementation with attention, cognitive processing speed, or executive control (Marriott et al. 
2021). However, compliance in these studies was generally poor, which may have contributed to 
the outcomes (Dretsch et al. 2014; Mariott et al. 2021). Finally, a randomized controlled trial of 
vitamin D supplementation among male and female active-duty Service members had similar 
results, reporting no significant improvement of cognitive test scores despite significant 
improvement in vitamin D status (McCarthy et al. 2019). Together, the findings of these studies 
suggest that more robust study designs and adequately powered studies may be needed to 
substantiate previous findings (Marriott et al. 2021). 

Carbohydrate supplementation during calorie deprivation and cognitive performance 

Supplementation with carbohydrate in the context of inadequate calorie consumption (e.g., two 
meals, each consisting of approximately 765 kilocalories (kcal) over the course of 10 hours) may 
help to enhance measures of both mood and cognitive vigilance in Service members during 
sustained aerobic activity, as suggested in at least one double-blind, placebo-controlled study of 
male U.S. Soldiers (Lieberman, Falco, and Slade 2002). However, the relatively small number of 
studies to support this association suggest that additional studies are warranted (Lieberman, 
Falco, and Slade 2002). There is mixed evidence regarding the effects of sustained caloric 
deprivation (as low as 266 kcal per day) on cognitive performance and ambulatory vigilance 
measured repeatedly over the course of the deprivation period, even when coupled with high 
levels of physical exertion, with some studies noting significant decrement in cognitive function 
while others report no effect (Lieberman et al. 2008; Lieberman et al. 2017; Giles et al. 2019; 
Beckner et al. 2023). Disagreement among studies and a lack of study populations 
representative of the U.S. Military provide further evidence of a need for additional research. 

Physical Fitness and Cognitive Performance 

Evidence suggests physical activity can preserve and even improve cognitive function. 
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Physical fitness metrics and cognitive performance 

Among the factors recognized as playing an important role in supporting cognitive function, 
physical fitness and activity are perhaps two of the most well-studied. Physical fitness is often 
operationalized with metrics including cardiorespiratory fitness (CRF), measures of physical and 
occupational function and performance, and exercise frequency. Studies of the general 
population support robust associations between physical fitness and various aspects of 
cognitive performance across the lifespan, including studies seeking to understand the 
biological mechanisms behind these associations (Alvarez-Bueno et al. 2020; Angevaren et al. 
2008; Clouston et al. 2013; Moore et al. 2022; Suarez-Manzano et al. 2018; Zou et al. 2023). 
Likewise, there is evidence for positive associations of physical fitness and activity with cognitive 
function and performance in Service members. For example, in a study of female military 
recruits, reaction times to correct responses on tests of grammatical reasoning, psychomotor 
vigilance, and working memory were found to have improved at the completion of basic military 
training (BMT) as compared with baseline scores obtained at the start of BMT (Lieberman et al. 
2014). At the opposite end of the military lifecycle spectrum, research with older male and 
female military veterans suggests that consistent physical activity after leaving military service 
may be protective against cognitive decline (Pitts et al. 2020).  

Physical training modalities and cognitive performance 

In addition to improved physical fitness, the physical training modality, that is, the type of 
physical training a Service member undertakes, may also play a role in improving Service 
member cognitive performance. A study conducted with male and female U.S. Air Force 
technical training students in which a standard military training protocol consisting of 
calisthenics and running was compared to a novel agility training program found that 
participants in the agility training group improved performance on continuous memory and 
visual vigilance tasks and performed the test tasks significantly more quickly than the standard 
military training group (Lennemann et al. 2013). Similarly, a randomized, controlled trial 
compared a unimodal program consisting of aerobic training only versus a multi-modal program 
consisting of both aerobic and strength training in active-duty male and female U.S. Air Force 
personnel. The authors reported that the multi-modal training group improved memory, 
processing efficiency, executive function reaction time, and fluid intelligence accuracy, while the 
unimodal training group did not (Zwilling et al. 2020).  

Physical fitness to preserve cognition 

Physical fitness may also act as a protective factor for cognitive performance during times of 
high operational tempo or other physically and/or mentally stressful events (Beckner et al. 
2021; Sekel et al. 2023). In fact, adaptive tactical decision-making ability during times of intense 
operationally induced stress has been reported to be greater for male Service members with 
high aerobic capacity as compared to those with lower aerobic fitness (Sekel et al. 2023). In a 
small study of male U.S. Army active-duty and reserve Service members and ROTC cadets 
performing tests of executive function after 48 hours of energy deficiency and sleep restriction, 
participants with the greatest CRF demonstrated more stable measures of vigilance and working 
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memory as compared with participants with lower aerobic fitness (Beckner et al. 2021). 
Moreover, participants with lower CRF also had a greater propensity for risk-taking behaviors 
associated with occupational stress exposure (Beckner et al. 2021). In addition to aerobic 
training, strength training has been suggested as a means by which to mitigate the adverse 
influence of stress-related hormonal factors on working memory during physical fatigue, 
although the currently available evidence supporting this is limited (Shia et al. 2015). However, 
there remains some disagreement regarding the association between physical training and 
cognition, as at least one mixed-population study (i.e., Service members, veterans, ROTC cadets, 
and civilians) reported no association between physical fitness and cognition as assessed via 
performance on mental math problems, suggesting more research, including studies conducted 
with representative sample populations, is needed to understand whether and how cognition 
may be influenced by physical fitness (Stein et al. 2022).  

Psychological Health and Cognitive Performance 

In many ways, psychology and cognition are interrelated concepts, since many cognitive 
processes such as learning, attention, perception, and thinking directly influence and may even 
have reciprocal relationships with constructs and comorbidities that define the human 
psychological experience, while psychological principles such as emotion and mood may also 
influence cognition (Storbeck and Clore 2007).  

Sleep and cognitive performance 

Sleep and meditation practices play important roles in cognitive performance. There is evidence 
that sleep may influence Service member cognitive performance, particularly response time and 
decision-making capabilities (Rice and Schroeder, 2019; Smith et al. 2019), though conclusions 
from systematic reviews of general population studies are mixed (Cardenas-Egusquiza and 
Berntsen 2022; Pearson et al. 2023). In a cross-sectional study of male and female U.S. Military 
active-duty and veteran personnel, self-reported sleep disturbances and poor sleep quality were 
associated with slower response times and poor response accuracy on cognitive tests of 
reaction time (Rice and Schroeder, 2019). However, poor sleep may have increased feelings of 
anxiety in this study, suggesting the association between sleep and cognitive test scores might 
have been mediated to some extent by anxiety, making interpretation of these findings 
challenging (Rice and Schroeder, 2019). In a study on sleep deprivation and shooting accuracy 
conducted with male active-duty U.S. Soldiers in which participants were restricted to 2 hours of 
sleep every 24 hours over the course of 72 hours, Service members’ ability to successfully strike 
targets did not change, while their ability to correctly distinguish between friend and foe targets 
was significantly degraded (Smith et al. 2019). Importantly, in this study, study participants 
believed that their performance on the friend-foe discrimination task did not change over time, 
suggesting that Service members may not recognize when sleep deprivation has adversely 
influenced cognitive performance (Smith et al. 2019). Thus, given the importance of sleep for 
optimal cognitive function, strategies to address the adverse effects of sleep deprivation on 
cognition may be important for ensuring Service member readiness and performance, since 
periods of little to no sleep are common for Service members during field training, combat, and 
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other high operational tempo conditions. The strategy of “sleep banking” or “sleep extension”, 
by which Service members extend their nightly sleep duration in the days or even weeks leading 
up to periods of anticipated inadequate sleep or sleep deprivation, has been suggested as an 
approach to proactively mitigate declines in cognitive performance that may accompany sleep 
deprivation (Ritland et al. 2019; Rupp et al. 2009). Though the body of evidence supporting the 
utility of this approach in the Service member population is relatively small, at least one 
randomized controlled trial, conducted with male and female U.S. ROTC cadets, supports sleep 
banking as a potentially effective means by which to preserve cognitive performance during 
times of high operational demands (Ritland et al. 2019); however, given the small sample size (n 
= 50) and lack of additional supporting studies, further research on this topic is warranted.  

Psychological resilience and cognitive performance 

Military operational stress, often marked by sleep deprivation, undernutrition, and sustained 
activity, may adversely impact cognitive performance, hindering military tactical decision-
making capability (Sekel et al. 2023). In a study of male active-duty and reserve component 
Service members and ROTC cadets, participants who self-reported greater psychological 
resilience were found to respond better to simulated military operational stress exposures; in 
fact, adaptive decision-making capabilities of these individuals were observed to improve, 
rather than decline, throughout the 96-hour simulated military operational stress protocol 
(Sekel et al. 2023). Additional research has provided further support for this association, with 
Service members scoring higher on objective measures of trait resilience (i.e., Conner-Davidson 
Resilience Score) experiencing less severe declines in vigilance during a 48-hour simulated 
military operational stress protocol (Beckner et al. 2021). However, additional research on this 
topic, including studies incorporating participant groups representative of the U.S. Military 
population, is warranted. 

Mindfulness meditation and cognitive performance 

Mindfulness, which has origins in Eastern traditions, involves the self-regulation of attention to 
present-moment experiences and the development of non-judgmental awareness of moment-
by-moment experience, including thoughts, emotions, or sensations that arise, even if 
unpleasant or unwanted (Brintz et al. 2020). Mindfulness meditation is a specific form of 
meditation practice that involves paying attention, on purpose, to the present moment without 
judgment (Kabat-Zinn, 2012). Mindfulness meditation has been shown to improve attention and 
executive function in the general population (Ai Holzel et al. 2011), although a meta-analysis on 
mindfulness found that, while such programs improved participants’ working memory, they 
appear to have limited effect on attention, declarative memory, and cognitive aging (Whitfield 
et al. 2022). Nevertheless, a systematic review suggests there may be specific cognitive benefits 
of mindfulness meditation for Service members, including improved attention, emotion 
regulation, and impulsivity control (Hepner et al. 2022). Mindfulness may also benefit decision-
making, morale, productivity, and readiness in military populations, although the number of 
studies supporting these associations is relatively low (Hepner et al. 2022).  
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Mobile applications and wearable devices for cognitive performance 

Technology-based approaches to improving Service member cognitive performance through 
psychological intervention have also been explored, including the use of mobile device 
applications. While research in the general population (Bruehlman-Senecal et al. 2020; 
Economides et al. 2018; Huberty et al. 2019; Sasaki et al. 2021) is promising, evidence for 
effectiveness among Service members is mixed (Adler et al. 2017; Ben-Avraham et al. 2022). 
While at least one study of ActiGraph use for tracking and improving sleep reported 
encouraging results of improved self-reported sleep quality and quantity in a sample of 
predominantly male (92.4%) active-duty U.S. Soldiers (Adler et al. 2017), a second study 
conducted with male and female Israeli Army personnel assessing the use of a mobile device 
application for cognitive control training reported low feasibility and effectiveness, primarily due 
to difficulty of consistent, daily use (Ben-Avraham et al. 2022). Commonly reported barriers to 
consistent device use include lack of consistent internet connection in remote locations, time 
constraints due to the high operational tempo of military training or occupational demands, and 
inconsistent access to personal mobile devices during field training and missions (Ben-Avraham 
et al. 2022). Development of future mobile devices and other technology applications for 
Service member use will need to consider the unique demands and needs of military Service 
members to ensure practicality, utility, and effectiveness.  

Interaction of the Health and Fitness Domains and Cognitive Performance 

An important aspect of this multi-dimensional framework is the interaction of the eight 
domains and how such interactions contribute to Service member health, well-being, and 
readiness (Table 4). While literature pertaining specifically to the influence of domain 
intersections on Service member cognitive performance is sparse, there is some evidence 
demonstrating how factors in multiple health dimensions may work together to preserve or 
even augment cognition. 

Table 4. Interaction of Health and Fitness Domains and Their Influence on Cognitive 
Performance 

Outcome Interacting Domains Findings Reference 

Memory, Processing 
efficiency, Reaction time, 
accuracy 

Physical Fitness 
Nutritional Health 

Combined intervention of aerobic 
and strength training and 
nutritional beverage improved 
cognitive function 

Zwilling et al. 
2020  

Vigilance, memory, risk 
propensity 

Physical Fitness 
Psychological Health 

High trait resilience combined with 
high CRF buffered effect of 
occupational stress on cognitive 
function 

Beckner et al. 
2021   

Cognitive function 
during high altitude 

Environmental Health 
Psychological Health 

Adequate sleep mitigated effects of 
high altitude 

Figueiredo et al. 
2022  
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Cognitive function 
during cold weather 
training 

Physical fitness 

Environmental Health 

Nutritional Health 

Strenuous physical exertion coupled 
with inadequate nutrition during 
extended cold weather field 
training degraded cognitive 
function 

Kallinen and 
Ojanen 2023 

 

Gaps and Calls to Action in Cognitive Performance 

Despite the importance of high-level cognitive function for Service members, there remain 
relatively few studies that provide empirical evidence across the eight domains of health and 
fitness pertaining to how health-related behaviors, practices, and beliefs influence Service 
members’ cognitive functioning. Identified gaps in the evidence and potential areas for 
additional study include:  

1. Factors associated with improved Service member cognitive performance. Many of the 
studies pertaining to health and fitness domain factors and cognitive function or 
performance discussed in this review focused on those associated with degraded 
cognitive function. There is a need for research investigating means by which to improve 
Service member cognitive performance. Based on studies conducted with the general 
population, factors anticipated to positively impact Service member cognition span all 
eight domains, and may include nutrition, physical activity, sleep, stress management, 
social connectedness, and spirituality. Moreover, there are likely interactions among 
some or all health and fitness domains that may further support and even augment 
Service member cognitive performance, but little research with Service members to this 
effect is currently available. Additional areas for future research include investigation of 
the aspects of cognitive performance most beneficial for human performance and how 
to define optimized cognitive performance. 

2. The influence of thermal stress on Service member cognitive function. Given the mixed 
findings regarding the effect of thermal stress, particularly in hot climates, on Service 
member cognition, clarification of the impact that exposure to hot environmental 
conditions has on various domains of cognition, including attention, reaction time, and 
executive performance, may have important implications in terms of policies and 
procedures mandated for managing Service members’ acclimatization, training, and 
fighting in such environments. Additionally, understanding the potential mediating or 
moderating influence of short-term versus prolonged thermal stress and the impact of 
other environmental factors such as humidity, high levels of physical activity, nutritional 
status, and physical fitness on these relationships would serve to identify areas that may 
be addressed to limit declines in cognitive performance that might accompany military 
occupational tasks performed in hot environments.  

3. Multi-exposure interactions. There is a need for improved understanding of the potential 
interaction of multiple exposures, either with the same domain (e.g., the interaction of 
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cold climate and high altitude) or among domains (e.g., the influence of aerobic fitness 
on cognitive performance at high altitudes) on Service member cognitive performance. 
There is little information on the combined influence of multiple domain factors on 
Service member cognitive performance, even though Service members are likely to 
encounter such combinations in real-life training and combat situations. Even for studies 
in which the likely contribution of other factors, often those from other domains of 
health and fitness, was acknowledged, minimal attempts were made to further explore 
the nature and magnitude of potential interaction effects on cognitive performance, 
such as the effects of cross-tolerance (e.g., training in heat to improve performance at 
higher altitudes). Practically, however, studies encompassing multiple exposures are 
challenging to undertake; nevertheless, exploration of these relationships and their 
interactions as they pertain to Service member cognitive function and performance 
would provide important information to individuals tasked with developing means by 
which to mitigate adverse impacts and take advantage of potential augmenting effects 
on cognition.  

4. The influence of chronic illnesses on cognition. Despite evidence from systematic reviews 
of primarily general population research suggesting associations of chronic conditions 
such as type 2 diabetes mellitus (T2DM), hypertension, dyslipidemia, and even chronic 
pain disorders with cognition (Geijselaers et al. 2015; Malfliet et al. 2017; van den Berg 
et al. 2009), there is a relative absence of such literature investigating these associations 
in military Service members. Although the Service member population may be expected 
to be less prone to developing these conditions, some of which may even be 
disqualifying in nature, studies assessing the prevalence of chronic illnesses in the U.S. 
Military suggest that they may be more common than generally expected (Hruby et al. 
2017; Shrestha et al. 2019; Walker et al. 2019). Thus, there is a need for improved 
understanding of how chronic illnesses may affect various domains of Service member 
function and performance, including cognition.  

5. Technology to bolster overarching cognition and/or specific domains of cognitive 
performance. Development of mobile device-based or wearable technologies designed 
to improve various aspects of cognition may benefit Service members by improving 
cognition-related occupational skills and decision-making capabilities. However, 
thoughtful consideration must be given to the unique needs of and demands placed on 
military personnel to ensure that such devices and digital applications retain their utility 
and therefore effectiveness. Moreover, there is a need for careful, robust study and 
testing of currently available cognitive performance wearables, as claims regarding their 
efficacy have not generally been examined via high-quality research studies. Future 
research into effective ways to accomplish these requirements is needed to drive 
development and implementation of such products.  

6. Studies incorporating female Service members. Many of the studies discussed in this 
section utilized all-male Service member samples, resulting in a gap regarding 
understanding of how female Service member cognitive performance may or may not be 
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influenced by environmental exposures. Given the increasing proportion of female 
Service members in the U.S. Military, as well as the opening of combat roles to these 
individuals, additional research into how to capitalize on and optimize their strengths 
and mitigate their weaknesses, as has been examined for their male counterparts, will 
be crucial for ensuring cognitive performance and effectiveness, both of which influence 
lethality, survival, and well-being of the Force as a whole. 

Behavioral Health 

Health and Fitness Domains with Evidence Pertaining to Behavioral Health 

Environmental Financial Medical/ 
Dental Nutritional Physical Psychological Social Spiritual 

        

 

Introduction 

According to the American Medical Association, behavioral health refers to, “mental health and 
substance use disorders, life stressors and crises, and stress-related physical symptoms” (AMA 
2022). For the purpose of this narrative literature review, mental health and illness, including 
depression, anxiety, adjustment disorders, and PTSD, will also be discussed in the context of 
behavioral health. This approach aligns with how behavioral health is defined within the 
Defense Centers for Public Health, a component of Defense Health Agency Public Health 
(DHAPH 2024). Behavioral health has been one of the foremost interests of military researchers, 
public health personnel, and leaders over the last decade or more, largely owing to the 
substantial risks for degraded mental health and substance use disorders associated with 
combat-related and other traumatic experiences that may be associated with military service 
(Goldstein et al. 2017; Geuzinge et al. 2020; Trousselard et al. 2021). Thus, there has been an 
appreciable amount of research conducted to examine means by which the effects of these 
exposures may be mitigated or buffered against, many of which have focused on factors aligned 
with one or more of the eight domains of health and fitness. Taken together, the cumulative 
evidence suggests that a multi-dimensional framework of health may be an effective model by 
which Service member behavioral health outcomes may be improved. 

Environmental Health and Behavioral Health 

Evidence suggests environmental health factors such as altitude, temperature, light, and noise 
may influence behavioral health. Mental health can also be associated with changes to 
environment, such as during field exercises or deployments.  
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Environmental exposures and mental health 

Research has investigated relationships of mental well-being, wellness, and mood with 
environmental factors such as altitude, built environment, thermal stress, and field training 
(Bardwell et al. 2005; Bouak et al. 2018; de Aquino Lemos et al. 2012; Fabries et al. 2022; 
Lieberman et al. 2005; Lieberman et al. 2009; Wang et al. 2022), and suggest that such 
exposures may contribute to significant decrement in multiple behavioral health outcomes. 
Studies suggest that high altitude exposures may be associated with negative mood (Bouak et 
al. 2018; de Aquino Lemos et al. 2012; Fabries et al. 2022) and increased depression in Service 
members (Wang et al. 2022). Field training exercises, which may include sustained physical 
exertion, inadequate nutrition, and little or poor sleep, have been reported to elicit negative 
mood and higher anger levels post-training in studies of male U.S. Marines and Soldiers 
(Bardwell et al. 2005; Lieberman et al. 2005). Similarly, environmental conditions such as noise, 
vibration, ship motion for Service members onboard ocean-going vessels, ambient 
temperature, and poor sleeping or living conditions, as often reported for those on-board ships, 
may all adversely impact Service member sleep, mood, depression or anxiety symptoms, and 
overall job-related well-being (Brooks and Greenberg 2022).

Military housing and behavioral health 

Within an environment, social determinants of health (SDOH), such as housing, transportation, 
and neighborhoods, may impact Service members’ health, well-being, and quality of life 
(Blosnich et al. 2020).  

 
General Population Research: The Built Environment 

 
Research suggests that the built environment has significant effects on physical health (Keralis 
et al. 2020; Nguyen et al. 2021; Renalds, Smith, and Hale 2010; Tarlov et al. 2020; Nguyen et 
al. 2019). Neighborhoods characterized as more walkable and those where crosswalks are 
present are associated with increased physical activity rates and lower obesity rates (Renalds, 
Smith, and Hale 2010), as well as a lower prevalence of all negative health outcomes (Nguyen 
et al. 2019). Neighborhood walkability is also associated with reduced BMI, specifically among 
U.S. veterans (Tarlov et al. 2020). Rural areas are associated with less access to healthy foods 
and dental care, as well as higher obesity, diabetes, physical inactivity, physical distress, mental 
distress, and premature mortality (Nguyen et al. 2019).  
 



44 

Mental illness and the deployment environment 

Deployment to austere environments and challenging conditions is considered a normal 
expectation of Service members and often cannot be controlled. However, awareness of the 
potential impacts of hazards that may be encountered during such deployments can help 
ensure that military leaders recognize and act to mitigate these impacts to the extent possible. 
Environmental health research has examined relationships between mental illness and the 
unique environmental exposures and stressors associated with deployment, which may include 
oil fire smoke, sand and dust, and burn pit smoke (Armed Forces Health Surveillance Center 
2012; Bøg et al. 2018; LaRocca et al. 2020). At least one study of male and female U.S. veterans 
reported an association between these types of environmental exposures, adverse mental 
health outcomes, and PTSD symptom severity (LaRocca et al. 2020), and a systematic review 
found that deployment was associated with increased likelihood for mental health disorders, 
including PTSD, depression, and substance use (Bøg et al. 2018). Because of the adverse effect 
that mental illness may have on Service member readiness, the identification of means by which 
to mitigate the incidence of these behavioral health concerns following deployment is of 
considerable importance. For example, one study suggested that limiting deployments to less 
than nine months may reduce the occurrence of mental illness, especially PTSD (Armed Forces 
Health Surveillance Center 2012).  

Financial Health and Behavioral Health 

Financial health is an important factor in behavioral health, specifically regarding mental illness, 
suicidality, anger and frustration, and substance use and misuse. 

Financial health and mental illness 

Financial health is closely related to financial security, which has been shown in general 
population studies to be associated with mental health outcomes (Yenerall and Jensen 2021; 
Simpson et al. 2021). In military population studies, there is evidence suggesting associations of 
mental health concerns such as PTSD, depression, and even suicidal ideation with financial 
strain or hardship, job loss, and food insecurity, and these associations may be bidirectional  
(Allen et al. 2011; Bell et al. 2014; Beymer et al. 2021; Gibbons et al. 2012; Gomez et al. 2023; 
Gorman et al. 2011; Gorman et al. 2016; Rabbitt et al. 2022; Riviere et al. 2011; Russell et al. 
2017; Schure et al. 2016; Sullivan et al. 2023; Yan et al. 2013; Riviere, Sinclair, and Graham 2024. 
2024). For example, a study of U.S. Army families found that financial strain due to COVID-19 
was related to clinical depression and generalized anxiety (Gomez et al. 2023). Moreover, other 
factors may also act to influence the relationship between financial health and mental health. 
For example, in small study of National Guardsmen following injury, lack of timely behavioral 
health treatment and financial support were linked with decreased mental health and financial 
stability (Gorman et al. 2016). Similarly, a study of male and female Washington State National 
Guard personnel demonstrated that socioeconomic difficulty magnified negative mental health 
outcomes for Service members on Domestic Civil Support (Russell et al. 2017). At least one 
study conducted with U.S. Army personnel suggests financial strain may also adversely impact 
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sleep and anxiety (Bell et al. 2014). Finally, the influence of financial strain on mental health is 
not limited to Service members; it increases stress for military families as well (Allen et al. 
2011).  

Financial health and suicidality 

Considerable evidence supports relationships between financial strain, food insecurity, and 
suicidality in U.S. Service members (Beymer et al. 2021; Bryan and Bryan 2019; Edwards et al. 
2023; Goodin et al. 2019; Hoffmire et al. 2023; Langhinrichsen-Rohling et al. 2011; Skopp et al. 
2019). A qualitative content analysis of case records from 135 predominantly male (96.3%) U.S. 
soldiers who died by suicide found that 17.8% of examined cases had financial problems (Skopp 
et al. 2019), and a study of nearly 53,000 U.S. Air Force members suggests that financial stress is 
an independent predictor of suicidal ideation in both male and female Service members 
(Langhinrichsen-Rohling et al. 2011). Furthermore, sources of financial strain may impact 
suicide risk differently. In a study of male and female U.S. National Guard personnel, financial 
strain was associated with increased risk for suicidal ideation, while credit problems had the 
strongest relationship with suicide attempts, even after controlling for mental health diagnoses 
(Bryan and Bryan 2019). Food insecurity was also related to suicidal ideation in a survey of more 
than 5,000 male and female U.S. soldiers (Beymer et al. 2021). Finally, a case-control study of 
U.S. Army, Navy, Air Force, and Marine Corps personnel demonstrated that both death by 
suicide cases (predominantly male, 92.9%) and suicide attempt (male and female) cases had 
higher prevalence of financial difficulties than a control group of U.S. Army personnel with no 
history of recent suicide behavior (Goodin et al. 2019). Research conducted with U.S. Military 
veterans also suggests that financial security may serve as a protective factor against suicide risk 
(Hoffmire et al. 2023). 

Financial health and well-being 

Supporting Service members by encouraging and developing their financial literacy could have 
important implications for their well-being. In a study of U.S. Army Soldiers, those who reported 
higher credit card debt and lower perceived net worth were found to have impaired subjective 
well-being, conceptualized in the study as self-reported feelings of worry and anxiety and 
difficulty sleeping attributed to financial stress (Bell et al. 2014). Conversely, Soldiers in the 
study who reported greater perceived financial knowledge and having at least $500 in 
emergency funds in savings reported more positive subjective well-being and lower levels of 
financial stress (Bell et al. 2014). In this study, increasing sums of money in savings and 
decreasing amounts of debt were associated with increasing magnitude of positive subjective 
well-being (Bell et al. 2014). 

Financial health and anger and frustration 

In addition to mental health disorders and suicide risk, the financial health literature supports 
associations of financial health, specifically financial strain, financial stress, and difficulty 
meeting basic needs, with Service member anger and frustration (Adler et al. 2020; Adler et al. 
2022; Newby et al. 2003; Russell et al. 2017; Slep et al. 2010). Some of these relationships may 
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be reciprocal in nature, as at least one study of both male and female Army, Navy, Air Force, 
Marine Corps, and Coast Guard personnel reported that problematic anger during the military-
to-civilian transition was associated with increased likelihood of substantial financial insecurity 
approximately 5 years later (Adler et al. 2022). Financial insecurity may also be associated with 
increased risk for intimate partner violence, as suggested by a study of 135 male and female 
U.S. Air Force personnel in which financial stress was an independent predictor of violence 
against intimate partners for both male and female participants (Slep et al. 2010). Similarly, a 
study of female U.S. soldiers found that they showed more aggression toward unemployed than 
employed spouses (Newby et al. 2003). Given these associations and the importance of the 
family unit for Service member readiness, a better understanding of factors that may ameliorate 
financial insecurity is needed. 

Financial health and substance use and misuse 

Substance use, particularly hazardous drinking, has been reported to be relatively prevalent in 
both U.S. and foreign militaries and may be further instigated by factors such as financial strain 
and job loss, although evidence regarding this association is conflicting (Riviere, Sinclair, and 
Graham 2024; Campbell-Sills et al. 2018; Foran et al. 2011a; Foran et al. 2011b; Pyle et al. 2007). 
Moreover, financial strain may exacerbate risk for substance use following experiences such as 
deployment (Campbell-Sills et al. 2018; Foran et al. 2011a). However, literature also suggests 
reciprocal relationships may exist between financial strain and substance or tobacco use, such 
that financial strain may influence increased substance and tobacco use as a coping mechanism, 
while the use of such products may put strain on Service members’ finances, further 
exacerbating the need to cope with negative feelings (Pyle et al. 2007). 

Medical and Dental Preventive Health and Behavioral Health 

Literature supports linkages between Service members’ medical and dental preventive health 
and a variety of behavioral health outcomes, including mental illnesses, acute anxiety, and 
stress reactions.  

Medical and dental preventive health and mental health 

Research suggests improved access to medical care, or even the perception of better access, 
can have profound implications for Service member mental health (Moore et al. 2013). Even 
access to basic dermatological medical treatment may support behavioral health and readiness 
through improvements in Service member self-image, which can have positive effects on mental 
health and well-being, and healthy dental behaviors such as regular oral exams may be 
associated with reduced acute anxiety or stress (Albright et al. 2020; Brahe 2022). Military 
personnel who endorse medical and/or dental prevention-related behaviors may also be more 
likely to report healthy behaviors across multiple domains, which could further contribute to 
lower stress and anxiety (Albright et al. 2020).  

Access to behavioral healthcare outside of a Service member’s command chain may help to 
overcome barriers to help-seeking for those struggling with their mental health by eliminating 
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stigma and fear of reprisal (Waitzkin et al. 2018). However, behavioral health providers within 
the Military Health System are obligated to report any thoughts of harm to self or others, as 
well as any behavioral health symptoms that could adversely impact deployment readiness 
(e.g., major depression, psychosis), requirements that are disclosed to Service members upon 
self-referral for behavioral healthcare.  

Heart rate variability as an indicator of mental health 

Evidence suggests that cardiovascular factors such as low heart rate variability (HRV) may be 
longitudinally associated with risk for PTSD in Service members following deployment 
(Minassian et al. 2015; Pyne et al. 2016), as greater HRV is considered an indicator of better self-
regulation capacity (Pyne et al. 2016; Tomes et al. 2020). In a longitudinal study of male U.S. 
Marines, lower HRV measured approximately one month before deployment was associated 
with higher likelihood of PTSD 6 months after returning from deployment (Minassian et al. 
2015). Improvements in CRF through aerobic training may improve HRV, suggesting important 
linkages between the physical, medical preventive, and psychological domains (Tomes et al. 
2020). For this reason, HRV monitoring has been proposed as a means to assess 
psychophysiological responses of military personnel experiencing acute stress, especially during 
and immediately following exposures to highly stressful situations such as tactical training 
(Tomes et al. 2020). However, a better understanding of the underpinnings of relationships 
between HRV, physical fitness, and psychological stress responses, in addition to studies of more 
representative military populations, is needed before targeted approaches are implemented.  

Hearing loss and mental health 

Hearing loss, hearing-related deficits, and afflictions such as chronic tinnitus are often 
associated with increased risk for social isolation and emotional distress, which may lead to the 
development of other mental health disorders (Parker et al. 2022). In military populations, 
hearing problems and tinnitus have been implicated in worsening sleep, insomnia, and 
depression symptoms and may even increase risk for adverse coping mechanisms such as 
alcohol misuse (Henry et al. 2019; Job et al. 2018; Luha et al. 2020; MacGregor et al. 2021; 
Parker et al. 2022), and evidence suggests this relationship may be bidirectional, as poorer 
mental health and hearing loss were shown to predict incident tinnitus or progression of 
tinnitus symptoms (Clifford et al. 2019). Furthermore, these associations demonstrate the 
importance of measures to prevent hearing loss, such as HPD use (Ahroon et al. 2011; Fuente et 
al. 2019; Hammill et al. 2019; Henry et al. 2019; Kaufman et al. 2005; Moon et al. 2011; Orru et 
al. 2020; Paakkonen and Lehtomaki, 2005; Parker et al. 2022; Schaal et al. 2019).  

Tobacco use and mental health 

Tobacco use prevention and cessation programs are an important aspect of medical and dental 
preventive health, as tobacco use has been identified as a predictor of symptoms associated 
with mental disorders such as PTSD, depression, and anxiety in military personnel (Haddock et 
al. 2007; Smith et al. 2014). Conversely, stress is often cited as a predicating factor for tobacco 
use initiation, although studies of both male and female Service members report those who use 
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tobacco products as a stress-coping mechanism report significantly higher stress and/or anxiety 
levels as compared with those who do not (Pyle et al. 2007; Smith et al. 2014; Stein et al. 2008; 
Vander Weg et al. 2015; Morgan et al., 2017; Godby et al. 2023). Higher levels of stress may also 
be associated with higher levels of cigarette smoking (i.e., more packs per day) or even poly-
product use (e.g., concurrent use of cigarettes and smokeless tobacco products), as observed in 
a tri-Service study of more than 12,000 male and female Army, Navy, Air Force, and Marine 
Corps personnel (Stein et al. 2008). Moreover, new uptake of tobacco use by former non-users 
may indicate mental health distress, with potential for bi-directional associations between 
tobacco use and adverse mental health symptoms (Booth-Kewley and Larson 2005; Hermes et 
al. 2012; Lin et al. 2018; Smith et al. 2014). As an addictive substance, tobacco use restriction 
may elicit withdrawal symptoms in chronic tobacco users that can include anger, irritability, and 
tension or anxiety, which could in turn adversely influence occupational effectiveness, as 
suggested in a study of male Hellenic Air Force pilots (Giannakoulas et al. 2003). Other barriers 
to tobacco cessation include perceptions of cessation program ineffectiveness and infringement 
of rights (Poston et al. 2017; Smith and Malone, 2012). Service members may use smokeless 
tobacco products instead of quitting tobacco all together, believing they are a safe alternative 
(Lin et al. 2020), with cigarette smoking reported to be a leading predictor of both smokeless 
tobacco and/or e-cigarette initiation in military Service members (Ebbert et al. 2006; Klesges et 
al. 2010; Lin et al. 2020). A 2023 study of 2014 Health Related Behaviors Survey data showed 
that approximately 8% of the 45,986 male and female survey respondents reported using e-
cigarettes at least once in the past year, and of those reporting any e-cigarette use, almost half 
(49%) reported using e-cigarettes exclusively (Godby et al. 2023). Among survey respondents, 
the prevalence of exclusive e-cigarette use was highest for White, male, Navy-affiliated Service 
members whose self-reported yearly income was less than $45,000 (Godby et al. 2023). 

Despite these considerations, studies suggest that tobacco cessation interventions may have 
some effectiveness, particularly those designed to educate Service members on the various 
harms associated with all types of tobacco products (Klesges et al. 2006; Little et al. 2016; Little 
et al. 2021; Severson et al. 2009; Sobell et al. 2017). Additionally, some research suggests that 
medical provider messaging regarding the risks of e-cigarette use may be an effective deterrent 
of these products (Godby et al. 2023). Other studies suggest that interventions, including 
complete tobacco use restriction, are ineffective in preventing tobacco use initiation, suggesting 
that different approaches for targeting non-users may be warranted (Hermes et al. 2012; 
Klesges et al. 2006; Little et al. 2020; Little et al. 2016; Patten et al. 2019; Vander Weg et al. 
2015).  

Medical visit screening and alcohol misuse intervention 

Research examining post-deployment screening records of U.S. Army personnel suggests that 
alcohol misuse and alcohol use disorder may be prevalent in military populations, particularly 
for Service members returning from deployment (Adams et al. 2019). Studies conducted within 
U.S. Military treatment facilities suggests that routine screening of Service members in the 
medical treatment facility setting, conducted during annual exams, post-deployment exams, or 
in the emergency room setting, may be a viable way to ensure that Service members with 
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alcohol use disorder are identified and receive timely intervention and access to treatment 
services (Reed et al. 2021; Adams et al. 2019). 

Nutritional Health and Behavioral Health 

Evidence suggests nutritional health, in particular dietary patterns, may be associated with 
mental health.  

Dietary patterns and mental health 

Optimal Service member behavioral health involves the knowledge of and decision to make 
healthy lifestyle choices, including those related to food and beverages. Unhealthy dietary 
behaviors such as skipping breakfast and underconsuming fruits, vegetables, and whole grains 
are common among Service members (Fagnant et al. 2022; Smith et al. 2013), and evidence 
suggests that these types of health behaviors tend to cluster (Fagnant et al. 2022). In a study of 
492 male and female U.S. Soldiers, study participants had a mean HEI-2015 score of 59.9 out of 
100, suggesting relatively poor dietary intakes (Rittenhouse, Scott, and Deuster 2021). In this 
study, dietary components with the highest scores were refined grains, greens and beans, total 
protein food, and whole fruit, whereas components with the lowest scores included whole 
grains, sodium, and fatty acids (Rittenhouse, Scott, and Deuster 2021). Aside from affecting 
physical health, dietary choices have the potential to impact psychological health. For example, 
in a cross-sectional study of male and female Army and Air Force recruits, those with higher 
self-reported diet quality, particularly the consumption of fruit and dark green vegetables, were 
more likely to score highly on tests of resilience (Lutz et al. 2017). However, there may be 
differences in such associations depending on the nutrient or study population being examined, 
as a study of predominantly male (98.6%) U.S. Army officers suggested approximately 20 weeks 
of omega-3 fatty acid supplementation did not influence measures of resilience (Marriott et al. 
2021). That said, dietary omega-3, as provided through a Mediterranean-style diet, may be 
associated with reduced clinical depression or ADHD symptoms among Service members 
(Hibbeln and Gow 2014). Omega-3 fatty acid status of U.S. Soldiers has shown to be well below 
the recommended level of greater than 8% and likely reflective of low dietary intake 
(Rittenhouse, Scott, and Deuster 2021). At least one study of male and female U.S. Soldiers 
suggests diets low in fruits or vegetables or high in sweetened beverages may increase odds for 
screening positive for depression or anxiety (Forys-Donahue et al. 2020). Healthy dietary 
patterns have also been reported to associate with reduced symptoms of generalized anxiety 
disorder and major depressive disorder (MDD) among male and female U.S. Soldiers, 
particularly when paired with regular physical activity (Oakey-Frost et al. 2022), supporting the 
benefit of concurrent practice of positive health behaviors. Factors such as food insecurity may 
also contribute to stress and negatively impact mental health among male and female U.S. 
Soldiers (Beymer et al. 2021), as self-reported stress has been associated with symptoms of 
mental health disorders, including psychological distress, PTSD, and depression among male and 
female U.S. Service members across all DoD components (Smith et al. 2014). Thus, increasing 
access to healthy foods may be a way to help improve Service member mental health outcomes 
(Brooks and Greenberg 2022). 
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Finally, diet quality also impacts the consumption of micronutrients, including vitamin D, with 
insufficiency common among Service members, likely due to poor diet quality and unhealthy 
dietary behaviors (Fagnant et al. 2022; Rittenhouse, Scott, and Deuster 2021; Lutz et al. 2017). 
Importantly, associations between vitamin D deficiency and depression diagnosis have been 
reported among male and female active component U.S. Soldiers (Schaad et al. 2019).  

 
Healthy Dietary Patterns and Behaviors in the General Population 

 
Maintaining a balanced and nutrient-dense diet, as suggested by the Dietary Guidelines for 
Americans, outlined in the chart that follows, is crucial for reducing risk of chronic illnesses 
and promoting overall well-being. Research has extensively demonstrated links between 
dietary habits and health outcomes, and it is widely acknowledged that healthy lifestyle 
behaviors significantly reduce the risk of chronic diseases at every stage of life. However, the 
general population in the United States struggles with maintaining healthy eating patterns 
and behaviors. Many do not consume enough fruits and vegetables, and exceed 
recommended intake levels of sodium, saturated fat, caffeine, alcohol, and sugar. If left 
unchanged, these unhealthy diet behaviors ultimately increase susceptibility to chronic 
diseases and other health problems. 
A considerable number of general population studies have explored the association 
between healthy dietary patterns and various health-related outcomes, many of which have 
been further examined via systematic reviews and meta-analyses, providing substantial 
support for the beneficial relationships between healthy dietary patterns and better health-
related outcomes. These outcomes include lower risk for obesity (Rezagholizadeh et al. 
2017); metabolic syndrome (Fabiani, Naldini, and Chiavarini 2019); cardiovascular disease, 
coronary heart disease, and stroke (Kontogianni and Panagiotakos 2014; Jayedi et al. 2020; 
Morze et al. 2020; T. Wang et al. 2023; Rodriguez-Monforte, Flores-Mateo, and Sanchez 
2015); breast and colorectal cancers (Brennan et al. 2010; Grosso et al. 2017; Hou et al. 
2019; Morze et al. 2020; Bu et al. 2022; Steck et al. 2015); type 2 diabetes mellitus (Alhazmi 
et al. 2014; Jayedi et al. 2020; Morze et al. 2020; Maghsoudi, Ghiasvand, and Salehi-
Abargouei 2016); renal disease (Soltani and Jayedi 2022); hypertension (Ndanuko et al. 
2016; Wang, Shen, and Liu 2016); and both cardiovascular and all-cause mortality (English et 
al. 2021; Morze et al. 2020). Moreover, systematic review and meta-analysis of existing 
general population studies suggest that healthy dietary patterns may be associated with 
better health-related quality of life (Vajdi and Farhangi 2020) and healthy aging (Milte and 
McNaughton 2016; Nguyen et al. 2021; Denova-Gutierrez et al. 2018). The results of at least 
one systematic review suggest that healthier dietary patterns at midlife may confer lower 
risk for age-related cognitive decline (Gauci et al. 2022). Many of these studies also suggest 
that unhealthy dietary patterns may contribute to worse health-related and aging outcomes. 
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* U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020–2025. 9th Edition, 
December 2020.  
† Depending on caloric needs. Lower calorie needs may be met by consuming quantities at the lower end of the range for these items. 
‡ AR 40-25 recommends a higher minimum of 2.5 and 2 cups per day of vegetables and fruits, respectively, regardless of differences in calorie 
intake. 
¥ From AR 40-25, Nutrition and Menu Standards for Human Performance Optimization  

Guidelines for Healthy Eating Patterns and Behaviors* 

Guideline Behaviors 

Follow a healthy dietary pattern 
consisting of nutrient-dense forms of 
foods and beverages across all food 
groups, in recommended amounts, 
and within calorie limits. 

Vegetables Consume 2 to 4 cup-equivalents per day†‡ 

Fruits Consume 1.5 to 2.5 cup-equivalents per day† 

Grains Consume 5 to 10 ounce-equivalents per day† 

Dairy Consume 3 cup-equivalents per day 

Protein foods Consume 5 to 7 ounce-equivalents per day† 

Oils Consume 22 to 44 grams per day† 

Beverages 
Consume primarily calorie-free beverages, 
especially water, or those that contribute 
beneficial nutrients (e.g., fat-free or low-fat milk).  

Consume nutrient dense foods and 
beverages. 

Prepare healthy meals at home as often as possible. 

Use the USDA MyPlate Plan as a guide at each meal.¥ 

Avoid skipping meals.  

Customize nutrients dense foods and beverages to reflect personal 
preferences, cultural traditions, and budgetary considerations. 

Limit added sugars, saturated fat, 
sodium, alcoholic beverages, and 
caffeine. 

Consume less than 10% of daily calories as added sugars.  

Consume less than 10% of daily calories as saturated fat. 

Consume less than 2,300 mg per day of sodium. 

Do not drink alcohol at all, or limit alcohol intake by drinking in 
moderation: 2 drinks or less per day for men and 1 drink or less per day 
for women.  

Limit caffeine intake to 400 mg per day or less. 
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Physical Fitness and Behavioral Health 

Physical activity may be an important factor for the prevention and treatment of mental illness. 
Evidence also suggests that there may be important reciprocal relationships between physical 
activity and mental health. 

Physical fitness, activity, and mental illness 

More physically fit Service members have been shown to report fewer depression symptoms or 
lower perceived stress at the end of rigorous training, such as that encountered during BMT or 
highly stressful Survival, Evasion, Resistance, and Escape training, a relationship that may be 
mediated in some part by greater resilience in such individuals (Sekel et al. 2023; Proessl et al. 
2022; Tuch et al. 2017; Barringer et al. 2016; Crowley et al. 2015; Taylor et al. 2008). For 
example, a longitudinal study of predominantly male (95.5%) U.S. Army personnel found that 
participants who endorsed exercising and playing sports as mechanisms for coping with 
depression and anxiety had fewer symptoms of anxiety, stress, or depression (Morgan et al. 
2017). Similar associations between regular, consistent physical activity and depression or post-
traumatic stress symptoms have also been reported in older military veteran populations, even 
among veterans with a genetic propensity for increased depression risk (Adams et al. 2020; Pitts 
et al. 2020; Pitts et al. 2019). Furthermore, evidence suggests male and female Service 
members of all DoD components who meet or exceed the current Physical Activity Guidelines 
for Americans (DHHS 2018), may have a lower likelihood of self-reported symptoms of anxiety 
disorder, depression, or PTSD (Hruby et al. 2021). There is also evidence that behavioral health 
therapies designed to incorporate physical activity may be effective mental illness treatment 
approaches (Meerwijk et al. 2022; Walter et al. 2023; Young-McCaughan et al. 2022). For 
example, in a longitudinal study of almost 100,000 predominantly male (92.2%) active-duty U.S. 
Solders with chronic pain, prescriptive exercise therapy had a protective effect in terms of 
number of prescribed opioids, incident alcohol or substance use, and suicidal ideation, 
particularly among those who participated consistently (Meerwijk et al. 2022). However, there 
is some evidence to suggest that leisure time physical activity specifically may have the 
strongest association with improved mental health outcomes, and encouragement of such 
activities may be important for supporting better mental health of U.S. Service members 
(Brooks and Greenberg 2018; Walter et al. 2023). This is an area of research that remains 
relatively unexplored within the military community.  

Research also suggests that there may be bi-directional relationships between physical activity 
and mental health. For example, a cross-sectional study found that male and female Service 
members who reported symptoms of depression or generalized anxiety were significantly more 
likely to also report lower levels of physical activity and higher levels of obesity (Hruby et al. 
2021), while other studies have suggested inverse associations between depression symptoms 
or psychological stress and sports participation, CRF, and even military fitness test performance, 
such that individuals who reported symptoms of depression or psychological stress were less 
likely to report participation in or desire to participate in physical activity (Lin et al. 2020; 
Morgan et al. 2017; Russell et al. 2019). Together these studies suggest that, while physical 
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activity may be beneficial for Service member mental health, those who are experiencing 
mental distress may find it challenging to consistently participate in physical activities, 
underscoring the importance of timely recognition of mental distress indicators so that timely 
intervention can be achieved.  

Body composition and mental distress or illness 

Body composition may influence mental and behavioral health. Studies conducted with large, 
representative samples of male and female Service members across all U.S. Military branches 
suggest that individuals with obese BMI may be more likely to report symptoms of depression, 
anxiety disorder, or PTSD (Hruby et al. 2021; Knapik et al. 2023). It is possible these 
relationships may be mediated by the stress and negative perceptions about body image that 
can accompany higher BMI, which may be common for military Service members who must 
adhere to military body composition standards (Stukenborg et al. 2021). Given the importance 
of identifying sources of mental distress to Service member behavioral health, this is an area for 
which additional research may be warranted. It is important to note, however, that BMI is not 
an indicator of body composition but rather a ratio of height to weight-squared that does not 
provide information regarding an individual’s lean or fat mass. Military studies suggest that 
body mass or equations utilizing total body mass may be poor predictors of Service member 
performance (Pierce et al. 2017; Pletcher et al. 2023). Rather, lean mass, reflective of an 
individual’s non-fat mass, to include bone and skeletal muscle and often measured via dual-
energy x-ray absorptiometry, has been observed to be predictive of military task performance, 
as demonstrated in a study of predominantly male (93.9%) U.S. Soldiers (Spiering et al. 2021). 
While dual-energy x-ray absorptiometry is considered the gold standard for evaluation of body 
composition, its use is limited by the availability of costly, immobile equipment, making it 
impractical for use in the field or for regular assessment of Service member body composition 
(Achamrah et al. 2018). Therefore, multiple field-expedient methods for the assessment of 
body composition may be necessary. This may include waist-to-height ratio, which can provide 
important insight into an individual’s abdominal adiposity versus their height and is a widely 
accepted method for the assessment of cardiometabolic disease risk (Ashwell, Gunn, and 
Gibson 2012; Bernstein, Lo, and Davis 2017).  

Psychological Health and Behavioral Health 

Aspects of psychological health such as sleep quality, stress management, and healthy coping 
behaviors are important factors in behavioral health.  

Sleep problems and behavioral health 

Sleep disturbance and insomnia have been salient concerns among active-duty Service 
members and veterans due to comorbidities with various mental illnesses (Chou et al. 2016; 
Farhadian et al. 2022; Luxton et al. 2011; Rice and Schroeder 2019; Seelig et al. 2016). Studies 
investigating the relationships between sleep problems, depression, and anxiety among military 
personnel found that poor sleep quality or short sleep were associated with worse mental 
health (Chou et al. 2016; Rice and Schroeder 2019; Hruby et al. 2021), and, moreover, that poor 
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sleep quality may lead Service members to engage in less effective coping strategies (Chou et al. 
2016). Short sleep duration, common during deployment, may also mediate relationships 
between deployment and a variety of negative mental and physical health outcomes, such as 
PTSD, panic disorder, and other comorbidities (Luxton et al. 2011). There may also be 
interrelationships between sleep and body composition in terms of behavioral health, as sleep 
apnea, often co-morbid with obesity, may further increase risk for poor mental health; one 
study reported that more than one-third of male and female active-duty Service members and 
veterans with obstructive sleep apnea also reported depression or anxiety symptoms (Rice and 
Schroeder, 2019).  

 

Stress, behavioral health, and risk for suicidal ideation, attempt, and suicide 

The connection between the stress of military missions, as well as the unique occupational 
hazards associated with military life and the emotional health of male and female military 
personnel has been well documented (Chou et al. 2016; Corrigan et al. 2021; Day and 
Livingstone 2001; Myers and Bechtel 2004; Pflanz 2001; Pflanz and Ogle, 2006; Stein et al. 2008; 
Turner et al. 2020). Research suggests unique job-related stressors (e.g, frequent relocation, 
high operational tempo and overload, promotion requirements) are common in the military and 
may place personnel at increased risk for depression, PTSD, and other mental disorders (Wang 
et al. 2015), which can increase suicide risk (Conner et al. 2012).  

Evidence from the DoD Suicide Event Report, a surveillance tool used by all Services within the 
DoD to collect data on demographics, Service characteristics, and psychosocial factors 
associated with a suicide event, supports a relationship between major psychiatric diagnoses 
such a MDD and suicide attempt among both male and female U.S. Army personnel (Maguen et 
al. 2015). Findings of this study concluded that among Soldiers included in the study, male and 
female Soldiers shared more similarities than differences in terms of risk factors for suicide 
attempt and suicide (Maguen et al. 2015). In a study of almost 310,000 male and female U.S. Air 

 
Prevalence of Mental Illness among Military Personnel 

 
Evidence suggests military personnel are at greater risk than civilians for common psychological 
disorders due to the rigors of military life (Bogaers et al. 2023; Britton et al. 2012; Chou et al. 
2016; Farhadian et al. 2022; Hruby et al. 2021; Lapierre et al. 2007; Levin-Rector et al. 2018; 
Mayo et al. 2013; McCabe et al. 2021; McLean et al. 2022; Paxton Willing et al. 2022; Rice and 
Schroeder, 2019; Schuler et al. 2022; Trousselard et al. 2021), and research suggests 
approximately 19% and 17% of DoD survey respondents report depression or anxiety 
symptoms, respectively (Jones et al. 2008). Moreover, approximately 30% of Vietnam-era 
veterans may manifest psychological symptoms related to combat over their lifetime, while 
veterans of other conflicts may experience PTSD at rates ranging from 8% to 17% (Lapierre et al. 
2007).  
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Force personnel, clinically diagnosed (as indicated via ICD-10 codes) mood disorders such as 
MDD, bipolar 1 disorder, or adjustment disorder; mental disorders such as anxiety disorder; and 
substance use disorder were associated with increased risk for suicide, with mood disorders 
having greater magnitude of association as compared with anxiety disorder (Conner et al 2012). 
Male Service members in these analyses were found to have more than two-fold 
greaterlikelihood for suicide as compared with their female counterparts (Conner et al. 2012). In 
a later study assessing mental health predictors of suicide attempt within the first 30 days of 
documented suicide ideation for 11,178 male and female active-duty U.S. Army personnel, of 
the 7.4% who attempted suicide, Soldiers with an anxiety disorder diagnosis prior to suicide 
ideation or sleep disorder diagnosis on the same day as suicide ideation were more likely to 
attempt suicide within 30 days (Mash et al. 2021). Unlike the study of Conner et al. (2012), 
results indicated that female Soldiers had approximately 50% increased likelihood for suicide 
attempt following documented suicide ideation as compared with their male counterparts 
(Mash et al. 2021), while findings of both a study of U.S. Army personnel and a large systematic 
review of 47 military samples from 42 studies note little or no difference in risk factors for or 
lifetime prevalence of suicide or self-harm between male and female Service members (Shelef 
et al., 2019; Gromatsky et al. 2023). This noncongruence between studies suggests the topic 
may warrant further investigation. Understanding factors that may be associated with increased 
suicide risk is important not only for identifying Service members who may have increased risk 
but also for the timely provision of intervention, which may help to mitigate the prevalence of 
suicide among military-connected individuals.  

Allostatic load and post-traumatic stress disorder 

Recently, research has begun to focus on awareness of the potential adverse effects cumulative 
stress and acute fatigue may have on occupational performance and chronic health outcomes 
in military personnel (Corrigan et al. 2021; Hourani et al. 2020). Allostatic load is the collective 
psychophysiological wear and tear resulting from stress exposure (Carbone et al. 2022). In 
particular, stressors associated with combat exposure have repeatedly been identified as 
influencers of military Service member allostatic load and have been shown to influence 
psychological health among U.S. Military veterans (Piazza et al. 2022). Regardless of combat 
exposure, military service may predispose Service members to substantial allostatic load, 
although combat exposure may lower the age at which high levels of allostatic load are 
experienced in this population (Piazza et al. 2022). Importantly, evidence suggests a likely 
association between allostatic load and PTSD diagnosis in military Service members, but 
findings have been mixed (Carbone et al. 2022). 
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Job-related stress and substance use 

Stress from deployment and/or combat exposure has been reported to exacerbate prevalent 
prescription drug misuse, substance abuse, heavy alcohol use, stress, PTSD, and suicide 
attempts in male and female U.S military personnel (Bray et al. 2010; Shen et al. 2012), even 
when considering that rates of substance use and mental health conditions may vary across 
military Services and missions (Schuler et al. 2022). Strong direct, bidirectional associations 
between alcohol misuse and mental disorders have been observed in U.S. Army and Marine 
Corps personnel, as among Service members and veterans with lifetime alcohol or substance 
misuse, adverse outcomes such as suicidal ideation, PTSD, MDD, and panic disorder have been 
reported to be more prevalent (Levin-Rector et al. 2018; Stein et al. 2017). Job-related stressors 
(e.g. work responsibilities, work hours, difficulties with supervisors, work overload, threat of 
military discipline) have been shown to be significantly and positively correlated with symptoms 
of depression in a U.S Air Force active-duty population consisting of both men and women 
(Pflanz et al., 2006). 

General Population Research: Allostatic Load, Wearable Devices, and Intervention 
 

Evidence from general population research suggests that allostatic load, defined as the accumulation 
of wear and tear on the body due to chronic stress (Guidi et al. 2021), may have substantial impact 
on both mental and physical health. A recent systematic review suggests healthcare providers and 
medical researchers take an integrated healthcare approach to address the combined effects of 
allostatic load and PTSD on physical health (Carbone et al. 2022). To better understand the 
relationship between stress, allostatic load, and health outcomes, there is need for the expansion of 
medical research to include both biomarkers to measure allostatic load and clinical tools to capture 
the potential underlying causes of increased physical stress (Guidi et al. 2021). General population 
research highlights the importance of measuring allostatic load as it relates to psychological factors, 
as poor health behaviors including smoking, alcohol use, sedentary lifestyle, unhealthful diet may be 
more likely to be exhibited by stressed individuals, and may in turn contribute to higher allostatic 
load, thus negatively impacting future health outcomes (Suvarna et al. 2020). 
In recent years there has been considerable interest in the use of wearable devices for measuring 
and tracking a variety of health-related variables, including physical and mental health-related 
metrics. While a systematic review regarding use of these devices to monitor for depression, anxiety, 
and stress concluded that measuring HRV or electrodermal activity may be useful for detecting stress 
and/or anxiety, the authors noted that use of these devices to detect depression continues to be 
challenging. Nevertheless, evidence from the review suggests that wearable electroencephalograms 
and accelerometers may prove useful for screening for depression (Hickey et al. 2021). 
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Trauma-related stress and behavioral health 

Evidence suggests past trauma, whether occurring in childhood or adulthood, can influence 
current mental health. For example, in a study of Canadian Armed Forces personnel, self-
reported adverse childhood experiences were associated with probable mental health 
conditions during military service, associations that were stronger for male Service members as 
compared with their female counterparts (Gottschall et al. 2022). Likewise, in this study 
childhood sexual abuse was associated with increased likelihood of probable PTSD, an 
association that was stronger for men (Gottschall et al. 2022). Sexual trauma experienced in 
adulthood, particularly military sexual trauma, has been associated with increased risk for 
adverse mental health outcomes such as PTSD and depression in U.S. veterans (McLean et al. 
2022). Moreover, Service women may have a greater risk for military sexual trauma, and 
previous research examining the deleterious effects of traumatic military experiences on female 
veterans reported that sexual assault was strongly associated with both PTSD and depressive 
symptoms, even when accounting for several aspects of combat exposure (Goldstein et al. 
2017). Nevertheless, a qualitative study of male and female U.S. Military veterans concluded 
that the outcomes of military sexual trauma exposure, including more severe PTSD, anxiety, and 
psychotic disorders as compared with combat-related trauma, were similar between male and 
female veterans, suggesting that this type of trauma has significant impact on Service member 
mental and behavioral health (Sexton et al. 2017). 

While military personnel may experience repeated trauma and non-trauma-related stressors 
that increase their risk for adverse mental health outcomes, there is evidence that such 
outcomes may be mitigated through factors such as positive relationships with family, social 
support from individuals such as other military personnel who understand military culture, and 
personal identity (Easterbrook et al. 2022; Schubert et al. 2016). However, this is not always 
sufficient to protect Service members from the high-risk of traumatization, which may even 
occur in individuals who were well-adapted to the demands of a military occupation prior to 
deployment (Geuzinge et al. 2020; Trousselard et al. 2021).  

Deployment-related trauma and behavioral health 

Evidence from an epidemiological surveillance study of male and female U.S. Army personnel 
shows that during deployment, the most common mental health disorders identified for 
Soldiers included stress reactions, adjustment disorders, depression, anxiety, and sleep 
disorders (Paxton Willing et al. 2022). However, characteristics such as grit, mental toughness, 
hardiness, and resilience, as well as social support and unit cohesion may mitigate PTSD severity 
in deployed military personnel by reducing negative post-traumatic cognitions (Bartone and 
Bowles 2020; Campbell-Sills et al. 2018; Donald et al. 1987; Doody et al. 2021; Hourani et al. 
2020; Ligeza et al. 2022; Maguen et al. 2008; Naifeh et al. 2019; Orak et al. 2022; Schok et al. 
2010; Seelig et al. 2016; Ungar and Theron 2020; Zang et al. 2017). However, injuries such as 
extremity trauma or traumatic brain injuries (TBI) sustained during combat may further increase 
the risk for decreased mental and physical health and functioning as well as decline in long-term 
health related quality of life (McCabe et al. 2021).  
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Coping and other psychological strategies to improve behavioral health 

U.S. Army research has focused on the important link between Soldier coping behaviors and 
mental health outcomes (Britt et al. 2017; Morgan et al. 2017). Specifically, studies conducted 
with primarily male and female U.S. Soldiers suggest coping style may serve to moderate 
associations between work stressors and mental health symptoms, and healthy coping 
behaviors (e.g., active problem-focused coping, positive emotion-focused coping, looking to 
social support, self-reflection, exercising, playing sports, or participating in a hobby) may be 
associated with less anxiety, perceived stress, depression symptoms, and PTSD symptoms, 
whereas negative coping behaviors (e.g., preference for handling problems oneself; venting of 
negative emotions; denying or disengaging from problems; cigarette smoking; or marijuana use) 
may increase these symptoms (Bartone and Bowles 2020; Britt et al. 2017; Day and Livingstone 
2001; Morgan et al. 2017). Studies conducted with male and female Service members across 
the DoD indicate that when Service members struggle to tolerate the stressful military 
environment, they may become more impulsive, and may engage in negative coping strategies 
such as nicotine use (Stein et al. 2008). 

Positive coping techniques may include mindfulness and self-compassion, which may be 
beneficial for military personnel who are exposed to highly stressful environments (Bravo et al. 
2018; Hepner et al. 2022; Ihme and Sundstrom 2021; Jones et al. 2022; Mantzios 2014; Schuler 
et al. 2022). Furthermore, mindfulness practice may improve some aspects of Service member 
emotional regulation, work-related morale, social support, and impulsivity, and may even 
benefit military families through reduction of parental stress (Hepner et al. 2022). Evidence 
suggests that other strategies and intervention efforts (e.g., peer support programs, crisis-
focused psychological interventions, self-reflection training) may beneficially impact Service 
member well-being and may even support the adaptive process of resilience (Anderson et al. 
2020; Bravo et al. 2018; Britton et al. 2012; Crane et al. 2019; Hepner et al. 2022; Naifeh et al. 
2019; Orak et al. 2022; Schok et al. 2010; Ungar and Theron, 2020). 

Nevertheless, there remains a substantial gap in peer-reviewed literature on the effectiveness of 
departmental interventions, services, and programs across the DoD for reducing mental health 
symptoms and promoting psychological health and subsequent mission readiness (Anderson et 
al. 2020), and there is a need for additional understanding regarding mechanisms underpinning 
the contribution of psychological stress reactivity to mental health and chronic disease 
outcomes (Turner et al. 2020).  

Social Health and Behavioral Health 

Social health dimension factors such as unit cohesion and social connectedness can impact 
mental health outcomes, including mental resilience, suicidality, self-harm, substance use or 
misuse, and family behavioral health. 
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Social factors influencing behavioral health outcomes 

The mental health of Service members may be influenced by a variety of social factors, which 
include trauma exposure, feelings of loneliness, and hazing or bullying. Exposure to wartime 
events such as severe violence or traumatic injury have been associated with higher rates of 
PTSD and depression, and evidence from studies conducted with male and female U.S. Air 
Force personnel suggest these exposures may additionally serve to degrade perceptions of unit 
cohesion and self-efficacy, which may further adversely impact mental health outcomes (Welsh 
et al. 2015; Welsh et al. 2019). While social connectedness, which may include being married or 
in an intimate partner relationship, has been identified as a protective factor for Service 
member mental health, literature suggests that feelings of low social support or marital 
dissatisfaction may act as a significant source of stress and depressive feelings for these 
individuals (Brooks and Greenberg 2018; Bartone and Bowles 2020). Similarly, studies 
conducted with male and female U.S. Soldiers indicate feelings of loneliness, which may occur 
with smaller social networks or following relationship disruptions, may compound the impact of 
combat experiences on mental health, although evidence suggests that this relationship may be 
moderated by strong unit cohesion (Reed-Fitzke and Lucier-Greer 2020; Taylor et al. 2023). A 
study of predominantly male (90.4%) U.S. Soldiers suggests harmful social behaviors such as 
favoritism, hazing, or bullying may substantially degrade unit cohesion, potentially eliminating 
the positive effect robust unit cohesiveness can have on Service member mental health 
(Campbell-Sills et al. 2023). Moreover, a study conducted with predominantly male (94.8%) 
German military personnel provides evidence that stigma associated with disclosing such abuse 
may further compound the degrading effect of these adverse behaviors, resulting in increased 
likelihood of depression or even anger disorders such as intermittent explosive disorder 
(Thomas et al. 2023).  

Unit cohesion and psychological resilience  

Unit cohesion, an important aspect of social health for Service members, may impact their 
psychological resilience. For example, a study of more than 700 male and female National 
Guardsmen found that greater unit cohesion may mitigate avoidant coping style, in turn 
enhancing Service members’ resilience in the face of traumatic deployment experiences 
(McAndrew et al. 2017). This study further indicated unit cohesion may be more amenable to 
modification in deployment environments than other psychosocial interventions, suggesting 
unit cohesion may be a vital leverage point by which leaders may improve psychological 
resilience and coping behaviors (McAndrew et al. 2017). Importantly, evidence from a study of 
predominantly male U.S. Soldiers points to strong unit cohesion as a means by which to 
mitigate the adverse effects of combat exposure on mental health and improve PTSD, 
depression, and suicide ideation outcomes (Campbell-Sills 2022).  

Social health, suicidality, and self-harm 

Evidence suggests that suicidality and self-harm may be substantially influenced by social 
health-related factors that may be important targets for prevention efforts (Maguen et al. 
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2015; McLean et al. 2017; Taylor et al. 2023). Among these factors, evidence from the DoD 
Suicide Event Report suggests that failed intimate relationships, especially within the first three 
months of the relationship’s end, may be a common risk factor for suicide among both male 
and female U.S. Soldiers (Maguen et al. 2015). Social connectedness and the size of social 
networks also appear to play key roles in Service member suicidality and/or self-harm risk, as 
demonstrated in a longitudinal study of predominantly male (94.0%) U.S. Soldiers, which 
reported that small social networks predicted suicidal behavior five years after Army enlistment 
(Taylor et al. 2023). This association has been reported to be related to the amount of 
interpersonal support provided by social networks in a study of male and female U.S. Army and 
Air Force personnel, as greater amounts of interpersonal support moderated associations 
between depression and suicidal ideation following combat deployment (McLean et al. 2017). 
Similarly, studies of U.S. Army personnel suggest strong unit cohesion and feelings of closeness 
may also decrease risk for suicidal behavior and may even offset the effects of combat 
exposure on suicidal ideation (Anderson et al. 2019; Campbell-Sills et al. 2022; Dempsey et al. 
2021). Finally, while social health factors such as individual social connectedness and unit 
cohesion may lower suicidal ideation and behavior risks, behaviors such as bullying and 
harassment may significantly degrade social connectedness, increasing these risks (Campbell-
Sills et al. 2023; Thomas et al. 2023). This factor may be a stronger predictor for female Soldiers, 
as analysis of DoD Suicide Event Report data suggests that workplace difficulties, which may 
include bullying and/or harassment, were more strongly associated with suicide risk for female 
as compared with male U.S. Army personnel (Maguen et al. 2015). Moreover, stigma associated 
with reporting bullying and hazing may exacerbate suicide risk, highlighting the importance of 
leadership in fostering a supportive culture for suicide prevention (Thomas et al. 2023). 

Social health and substance use or misuse 

Social health may have implications for the risk of substance use or misuse by Service members. 
Unit cohesion appears to have a substantial impact on substance use risk, as suggested in a 
study of male U.S. Reserve and National Guard Service members, in which personnel who 
deployed attached to a unit other than their own were more likely to endorse higher levels of 
binge drinking (Ursano et al. 2018). Likewise, perceptions of unit cohesion pre-deployment may 
have important impacts on behaviors following return from deployment, as higher perceived 
unit cohesion prior to deployment has been reported to be a protective factor against alcohol 
misuse in a study of predominantly male (94.7%) U.S. Soldiers, as it was associated with lower 
alcohol or substance use disorder risk post-deployment (Anderson et al. 2019). 

Social health and family behavioral health 

Social health may have important consequences on behavioral health outcomes for both 
individual Service members and their families. Challenges unique to the military, such as 
Service-related relocations, may be significant sources of psychological stress for military 
spouses (Ribeiro et al. 2023), and older spouses of enlisted Service members may be more likely 
to experience psychological stress or perceive less social support (Corry et al. 2021). Given the 
unique demands of military life for both Service members and their partners, social 
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connectedness with the military community, members of which likely better understand these 
unique demands, may help Service members and their spouses to better cope with military life 
and improve the well-being of military families (O'Neal et al. 2020). In a study of female spouses 
of male active-duty Service members, a sense of community for military spouses was reported 
to be further fostered by perceived social support from friends and was correlated with better 
psychological well-being for these individuals (Wang et al. 2015). These social resources may be 
particularly important for military spouses during deployment, which evidence suggests may be 
a time when military families are at greatest risk for adverse mental wellness-related outcomes 
(Meadows et al. 2017). Moreover, active-duty Service members’s spouses, both male and 
female, who have fewer protective factors, including social connections, family cohesion, and 
positive coping behaviors, have been shown to be at greater risk for mental health diagnoses, 
highlighting the importance of social connectedness and support for these individuals (Sullivan 
et al. 2021). 

Spiritual Health and Behavioral Health 

Spiritual health is an important factor in both mental wellbeing and resilience, and may be a 
protective factor for mental illness, suicidality, acute stress, and substance abuse. 

Spiritual health, mental well-being, and resilience 

Spiritual health may improve overall mental well-being and life satisfaction, as shown in general 
population studies (Green, Noor, and Ahmed 2020), which may be particularly important for 
military personnel (Bufford et al 2023). The practice of mindfulness and self-compassion has 
also been reported to predict better mental health-related quality of life among male and 
female U.S. Military veterans (Ramon et al. 2020), while transcendental meditation, 
mindfulness, and progressive muscle relaxation may be suitable options for improving Soldier 
resilience (Rees 2011). A study of male U.S. Air Force personnel suggests that  the integration of 
chaplain services into behavioral health interventions may improve their success (Cafferky et al. 
2017) and that such interventions should address religious or spiritual struggles, loss of 
meaning and purpose, guilt and shame, interpersonal alienation, anxiety, and depression 
(Bufford et al. 2023). 
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General Population Research: Spirituality  
 

Spirituality and religion have a connection to wellness in the general population. Individuals who 
are highly spiritual and/or religious often have greater longevity compared to those who are not, 
with evidence for associations of spirituality with lower risks of all-cause, cardiovascular, and 
cancer mortality (Dominguez, Veronese, and Barbagallo 2024). Spirituality and religion are often 
captured through attendance of religious services, indicating potential mechanisms of social 
support and connectiveness that may explain the relationship between spirituality and health. 
Additional outcomes associated with spirituality include positive coping, having a high sense of 
purpose in life (Cohen, Bavishi, and Rozanski 2016), and greater well-being (Martin-Maria et al. 
2017; Dominguez, Veronese, and Barbagallo 2024), which together may translate to higher quality 
of life (Borges et al. 2021). Additionally, spirituality is associated with resilience (Schwalm et al. 
2022) and may be protective from depression symptoms (Rosmarin et al. 2022; Aggarwal et al. 
2023). Building optimism and self-confidence through spiritual coping can aid in recovery from 
serious mental disorders (Sawab et al. 2024). Religiosity has also been shown to protect against 
suicidal ideation, plans, and attempts (Poorolajal et al. 2022), which may partly be due to 
prohibitions of suicide or violence and the support system that accompanies many religions. 
Health-related interventions that take place in faith-based settings have also demonstrated 
effectiveness on several health outcomes, such as cardiovascular disease (Maroney et al. 2023). 
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Spiritual health and mental illness  

Spiritual health may have an important impact on mental illness among both active-duty 
Service members and veterans. In the National Health and Resilience in Veterans study, religion 
and spirituality had protective, dose-response associations with several mental health 
outcomes, including decreased risk for lifetime PTSD, MDD, and alcohol use disorder (Sharma et 
al. 2017). Similarly, an integrative review found that the presence of a strong sense of meaning 
and purpose within a supportive environment appears to help moderate the impact of life-
threatening situations among deployed military healthcare professions (Gibbons et al. 2012) an 
association also reported in other studies, including a systematic review and meta-analysis of 
25 studies (Fischer et al. 2020). Studies of both U.S. veteran and U.S. and foreign Service 
members suggest that spiritual health may be particularly important for moderating risk and 
severity of PTSD for which negative perceptions on the meaning of life (Fischer et al. 2020) and 
greater lifetime trauma burden (Nichter et al. 2020) have been associated with increased 
probability and severity of PTSD and co-morbidities, while values of tradition and universalism 
may lower this risk (Zimmermann et al. 2014).  

In the literature, there are several protective factors that have been suggested to influence 
PTSD risk and intensity. Greater spirituality, existential well-being, and religious involvement 
have been found to be protective against both lifetime PTSD and symptom severity in both 
male and female U.S. Service members across all DoD branches and components (Ganocy et al. 
2016; Hourani et al. 2012; Koenig et al. 2019; Rubenstein et al. 2021; Wood et al. 2018). 
However, there is some disagreement in the literature on the association between religiosity 
and PTSD (Ames et al. 2019; Britt et al. 2017; Koenig et al. 2020), as some studies report that 
this association may be mediated by demographic factors (Koenig et al. 2018; Mota et al. 2013).  

Finally, spiritual health may also impact hazardous drinking. A study of U.S. veterans reports 
that intrinsic religiosity lowered the risk of hazardous drinking (Rubenstein et al. 2021), while 
exposure to potentially morally injurious experiences, understood to be any experiences that, 
“elicit a strong emotional and/or cognitive response following events that violate a person’s 
moral or ethical code,” have been reported to increase this risk in combat veterans (Litz et al. 
2009; Battles et al. 2019). Taken together, these studies suggest that spiritual health may have 
important, advantageous effects for mental health, but additional research examining 
associations between spirituality and mental illness is needed for the development of effective 
interventions incorporating tenets of the spiritual domain. Studies conducted with veterans and 
in the general population on Mantram intervention, meditation, and chaplain intervention 
suggest these approaches may be effective in treating PTSD and its symptoms (Ames et al. 
2021; Bormann et al. 2012; Freeman et al. 2020). 

Spiritual health and suicidality 

While more research is warranted, there are a few studies examining spiritual health and its 
association with suicidality. For example, spiritual struggles in areas of morality, ultimate 
meaning, interpersonal relationships, and doubting have been associated with increased risk 
for suicidal behavior in U.S. Military veterans (Currier et al. 2018). Moreover, research among 
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military veteran populations suggests that perceived lack of control and problems with self-
forgiveness may be associated with suicidal ideation, while lack of meaning and purpose have 
been associated with suicide attempt history (Smigelsky et al. 2020), and the presence of moral 
injury may complicate these associations (Ames et al. 2019). However, at least one study found 
that purpose and meaning among veterans experiencing moral injury may moderate this 
relationship (Trachik et al. 2021). 

Moral injury and behavioral health 

Moral injury, defined as, "perpetrating, failing to prevent, bearing witness to, or learning about 
acts that transgress deeply held moral beliefs and expectations" is an important factor in 
spiritual health (Richardson et al. 2020). Several themes have been associated with moral injury 
in male and female Canadian Armed Forces personnel, including changes in moral attitudes, 
increased sensitivity and reactivity to moral situations, loss of trust, disruptions in identity, 
spirituality, and interpersonal relatedness, rumination, and internalizing and externalizing 
emotions and behaviors (Houle et al. 2021). Moral injury may also have a reciprocal 
relationship with spiritual health among military personnel, as spirituality may both mitigate 
and exacerbate moral injury, as well as be influenced by it (Bremault-Phillips et al. 2019), which 
is important given the demonstrated associations between moral injury and PTSD, depression, 
anxiety, and risk of suicide among U.S. Service members and veterans (Ames et al. 2019; Hall et 
al. 2022; Koenig and Al Zaben 2021; Koenig et al. 2019). However, the presence of meaning in 
life may serve as a protective factor for male and female U.S. Military veterans experiencing 
moral injury and concurrent suicidal ideation (Kelley et al. 2021). Moreover, the literature 
suggests routinely screening for moral injury (Koenig and Al-Zaben 2020; Mensink et al. 2022), 
and that addressing spiritual wounds may help in recovery (Smith-MacDonald et al. 2018). 
Other interventions may include repairing feelings of guilt, shame, betrayal, and isolation, and 
may include the involvement of chaplains (Ames et al. 2021; Griffin et al. 2019). 

During combat, military Service members may be required to engage in activities, witness acts, 
or make decisions that may violate their moral codes, all of which may result in moral injury and 
adversely affect their physical, psychological, social, and spiritual health (Richardson et al. 
2020). Exposure to morally injurious experiences may also contribute to mental health 
problems among Service members returning from combat, an association that may be 
moderated by the extent to which a Service member can make meaning of their identified 
stressors or traumas (Currier et al. 2015), while distress caused by morally injurious experiences 
may promote harmful health behaviors such as excessive alcohol use (Battles et al. 2019). This 
phenomenon remains relatively under-studied despite its importance to the military 
community; further research is needed to understand moral injury and its potential risk and 
protective factors.  

Interaction of the Health and Fitness Domains and Behavioral Health  

The available evidence exploring relationships between health-related behaviors, practices, and 
beliefs is substantial, as are examples of health and fitness domain interactions that contribute 
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to behavioral health outcomes. In particular, evidence suggests that psychological health is a key 
contributor to behavioral health; however, given the high degree of interrelatedness between 
psychological health exposures and behavioral health outcomes, these relationships will not be 
represented in the health and fitness domain interactions presented in Table 5. 

Table 5. Interaction of Health and Fitness Domains and Their Influence on Behavioral 
Health 

Outcome Interacting Domains Findings Reference 

Post-training 
negative mood and 
anger 

Environmental 
health 
Physical fitness 
Nutritional health 

Field training exercises, which may include 
sustained physical exertion, inadequate 
nutrition, and little or poor sleep, have 
been reported to elicit negative mood and 
higher anger levels post-training. 

Bardwell et al. 
2005; Lieberman 
et al. 2005 

Suicidal behavior 

Financial health 
Nutritional health 

Food insecurity was also related to suicidal 
ideation 

Beymer et al. 
2021 

Spiritual health 

Social health 

Spiritual struggles in areas of morality, 
ultimate meaning, interpersonal 
relationships, and doubting have been 
associated with increased risk for suicidal 
behavior in military veterans 

Currier et al. 2018 

Physical fitness 

Medical/dental 
health 

For Service members with chronic pain, 
prescriptive exercise therapy had a 
protective effect in terms of number of 
prescribed opioids, incident alcohol or 
substance use, and suicidal ideation 

Meerwijk et al. 
2022 

General anxiety and 
major depressive 
disorder 

Nutritional health 

Physical fitness 

Healthy dietary patterns may be related to 
reduced symptoms of generalized anxiety 
disorder and major depressive disorder 
among Service members, particularly 
when paired with regular physical activity. 

Frost et al. 2022 

Mental health overall 

Medical/dental 
health 
Physical health 

Environmental 
health 

Hearing loss, due to occupational 
exposure, can degrade mental 
health;hence, HPD use is recommended. 

Ahroon et al. 
2011; Fuente et 
al. 2019; Hammill 
et al. 2019; Henry 
et al. 2019; 
Kaufman et al. 
2005; Moon et al. 
2011; Orru et al. 
2020; Paakkonen 
and Lehtomaki, 
2005; Parker et al. 
2022; Schaal et al. 
2019 
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Gaps and Calls to Action in Behavioral Health 

1. Environmental exposures during deployment and behavioral health. There is a need for 
more comprehensive understanding of how environmental exposures related to 
deployment, including exposures to unique climate or altitude-related conditions or 
toxic exposures, may influence Service member mental health, both during and after 
deployments. Furthermore, studies designed to investigate the mechanistic 
underpinnings of these relationships, where they exist, may further assist with the 
development of mitigation, intervention, or treatment strategies for Service members 
who may suffer adverse mental health outcomes related to environmental exposures 
experienced during deployment. 

2. Military housing considerations and behavioral health. Despite concerns regarding the 
quality of military barracks and other military housing, particularly for junior enlisted 
Service members, few studies have examined the influence of this environmental factor 
on Service member behavioral health. There is also a dearth of research examining how 
the built work environment (e.g., office buildings, including windowless sensitive 
compartmented information facilities, and other indoor work facilities) may impact 
Service member behavioral health outcomes. These concerns represent important gaps 
in the understanding of how the built environment may affect Service members and how 
improvements in housing might positively impact behavioral health outcomes. 

3. Allostatic load and heart rate variability. While heart rate variability (HRV) may hold 
promise for better understanding of linkages between psychophysiological stress 
responses and Service member behavioral health outcomes, there remain considerable 
questions regarding the mechanisms underlying these associations as well as the best 
HRV variables to employ in assessing them. Additional research specific to military 
populations is needed to better understand this variable and how it may be used to 
monitor Service member stress and psychological well-being. Moreover, there is little, if 
any, research available examining this variable in study samples that more closely mirror 
the demographic make-up of the U.S. Military. To ensure comprehensive understanding 
of how HRV may be leveraged to track and even improve psychophysiological stress 
outcomes for Service members, studies utilizing representative Service member samples 
are warranted. 

4. The link between allostatic load and mental health. The recognition of allostatic load as 
an important contributing factor to mental health has been increasing. However, 
additional research is needed, as studies examining relationships between allostatic load 
and Service member mental health do not consistently agree.  

5. Relationships of nutrition, dietary patterns, and nutrition behaviors with behavioral 
health outcomes. Given the small number of studies assessing associations of dietary 
patterns and nutrition behaviors with Service member behavioral health, additional 
research more closely examining this relationship, including identification of any 
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potential causal linkages, is needed. Evidence of this nature could be used as an 
important leverage point for encouraging Service member uptake of healthier eating 
habits, which in turn influence various military relevant outcomes and improvement in 
the remaining seven domains. 

6.  The influence of spiritual health on behavioral health. There is a need to better 
understand the complex relationship between spirituality and behavioral health 
outcomes in Service members. In particular, better understanding of the interactions of 
religiosity, moral injury, and adverse mental health outcomes may benefit Service 
members and professionals involved in treating Service members experiencing moral 
injury and/or poor mental health. 

7. Leadership as a means to influence behavioral health outcomes. Better understanding of 
how leadership engagement impacts alcohol use culture in the military setting may 
inform important leverage points for decreasing the prevalence of alcohol misuse and 
alcohol use disorder among Service members, as well as the behavioral health-related 
consequences associated with alcohol misuse and alcohol use disorder. Research 
examining these relationships, as well as the interaction of social connectedness with 
these factors, could help military health promotion personnel to further develop 
impactful education and intervention products. 

8. The need for participant samples that mirror the demographic make-up of the U.S. 
Military in studies examining the influence of cohesion on Service member behavioral 
and mental health. Although social domain constructs such as unit cohesion have 
frequently been identified as important factors for Service member behavioral health, 
most studies examining relationships between unit/military group dynamics (including 
cohesion) and behavioral health outcomes have been conducted with male Army 
personnel. There is a need for the expansion of this type of research into populations 
that are representative of Service members across all military branches. 

Physical Performance 

Health and Fitness Domains with Evidence Pertaining to Physical Performance 

Environmental Financial Medical/ 
Dental Nutritional Physical Psychological Social Spiritual 

        

 

Introduction  

Physical performance, a key metric used for determining Service member readiness, can be 
assessed using a variety of factors, from ability to pass required fitness tests to performance on 
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occupational tasks. Although numerous studies exist examining training strategies for physical 
performance improvement, it is essential to also consider, through a multi-dimensional health 
lense, how each of the domains of health and fitness may intersect with physical performance 
and, ultimately, readiness among Service members.  

Environmental Health and Physical Performance 

Physical performance can be affected by several environmental factors, including high-altitude, 
thermal stress, and complex environments. 

Physical performance in high-altitude environments 

The external environment can substantially impact physical performance, particularly in hot or 
cold climates and at high altitude. In a study of predominantly male (93.0%) military personnel 
examining rifle marksmanship at simulated altitudes, speed to target on marksmanship tasks 
was impaired at 14,000 feet while the simpler psychomotor task of weapons disassembly and 
reassembly was not affected by any simulated altitude. The authors speculated that 
marksmanship speed was sacrificed to maintain accuracy in this instance; moreover, the 
decrements to rifle marksmanship were still observed 30 hours after the exposure to 14,000 
feet ceased (Kryskow et al. 2013). This lingering effect of high-altitude exposure on 
performance, likely due to the low concentration of atmospheric oxygen at high altitudes 
(sometimes referred to as a “hypoxia hangover”) have been examined by other researchers, 
including a recent systematic review which reported that the lingering effects of acute hypoxia 
exposure are particularly dangerous to pilots, as flight performance may be impaired even after 
descent to lower altitudes (Shaw et al. 2021). This is an important consideration, and hypoxia-
related decrements to flight performance are especially common in unpressurized aircraft such 
as helicopters, even at altitudes as low as 6,500 feet (Balldin et al. 2007). For example, in studies 
of Dutch and Australian helicopter pilots, the aircrew reported symptoms of hypoxia at altitudes 
as low as 6,500 feet and degraded performance among their colleagues at less than 10,000 feet 
(Steinman et al. 2017; Smith 2005). Even the milder hypoxia symptoms observed at altitudes 
lower than 6,500 feet can result in serious operational consequences, including decrements in 
target identification and accuracy, alertness, and mood; and increased feelings of fatigue, in 
both flight and tactical situations requiring optimal performance (Bouak et al. 2018; Beer et al. 
2017; Temme et al. 2010). Another important consideration for Service members at high 
altitude is that higher altitudes will require longer acclimatization periods. For example, 
evidence suggests that as many as four days of exposure to 10,000 feet may be needed to 
acclimatize breathing, while acclimatization to 16,000 feet may require as much as four to six 
weeks (Ainslie et al. 2013). For this reason, experts recommend gradual ascent of no more than 
980 feet to 1,600 feet per day at altitudes of 9,800 feet or above, with a rest day every three to 
four days to further acclimatize (Bartsch and Swenson, 2013; Luks et al. 2010) and to avoid 
symptoms of acute mountain sickness (AMS) (Fabries et al. 2022).  
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Physical performance in hot climates  

Training and operating in hot climates may continue to become increasingly common with 
ongoing climate change. This is an important consideration for both Service members and their 
leaders because research suggests physical performance is blunted in the heat, particularly 
among those not yet acclimatized, and may be exacerbated by factors such as body armor and 
load carriage (Ashworth et al. 2020; Hunt et al. 2022). A systematic review estimated 
performance decrements of approximately 11% under thermal strain, with greater decrement 
during exposures of longer duration and higher temperatures, particularly for marksmanship 
accuracy (Hancock et al. 2007). In addition to decreasing performance, exposure to thermal 
stress in hot climates also increases Service members’ risk of heat illness during common 
activities such as foot marches (Moran et al. 2023).  

  

 
General Population Research: The Impacts of Climate Change on Human Health and 

Performance 
 

Environmental hazards and climate change go hand in hand, with climate change having the 
potential to impact nearly every aspect of human health. Weather conditions are growing more 
volatile and extreme, and natural disasters will continue to occur and may grow more intense. The 
World Health Organization estimates that between 2030 and 2050, an additional 250,000 
preventable deaths will occur due to climate change-related factors such as undernutrition, 
malaria, diarrhea, and heat stress (WHO 2023). Further, a recent review on the health impacts of 
climate change noted that over half of infectious diseases worldwide have been aggravated by 
climate change at some point (Mora et al. 2022). This includes warming and precipitation changes 
leading to increased range of vectors such as mosquitos and ticks, warmer winters allowing for 
viruses and vectors to survive, wastewater overflow from flooding leading to waterborne disease 
outbreaks, melting ice exposing previously frozen pathogens, wildlife moving closer to humans 
due to deforestation and wildfires, and even adaptations to pathogens and viruses due to warming 
that increases transmission and virulence (Mora et al. 2022). Additionally, increased wildfire 
occurrence due to rising temperatures contributes to greater levels of air pollution. This, coupled 
with the rise in ambient air temperatures, increases the risk for cardiovascular disease incidence 
and mortality (De Vita et al. 2024).  
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While it is recommended to acclimatize for at least five days prior to arrival in a hot climate 
(Daanen et al. 2018; Tyler et al. 2016), Service members typically undergo heat acclimatization 
on site rather than prior to deployment (Ashworth et al. 2020). A recent systematic review 
found that the physiologic adaptations that occur with heat acclimatization include increased 
sweat rate and reduced resting core temperature and heart rate (Brown et al. 2024). 
Importantly, male and female Service members who have a higher degree of physical fitness 
may experience lower physiologic strain when exercising in the heat, therefore acclimatizing to 
the heat more easily  and with lower risk for heat illness (Alele et al. 2021b; Bedno et al. 2014; 
Hosokawa et al. 2019; Parsons et al. 2019). Some research suggests that female Service 
members may require additional time to acclimatize to heat and experience greater 
cardiovascular strain in hot environments compared to males, but these differences may be due 
to differences in anthropometry (e.g., surface area, muscle mass) or fitness (e.g., VO2 max, a 
measurement of cardiovascular fitness) not adequately accounted for in these studies (Corbett 
et al. 2023; Kazman et al. 2015; Wickham et al. 2021). Notably, in a systematic review of 24 
military studies examining heat illness and heat tolerance in male and female Service members, 
while the incidence of EHI was higher for female as compared with male Service members, 
Servicewomen were found to have a lower incidence of heat stroke (Alele et al. 2020a). 
Moreover, despite physiological factors known to increase risk for thermal cardiovascular strain 
and heat illness (e.g., lower cardiovascular fitness, smaller surface area, lower mass and higher 
body fat percentage, lower sweat rates), studies report lower incidence of heat illness in women 
(Corbett, Wright, and Tipton 2023). Given that few robust studies with adequate ecological 
validity have been conducted to examine sex-related differences in heat tolerance and 
susceptibility among Service members, additional research in this area is warranted (Alele et al. 
2020a; Corbett, Wright, and Tipton 2023; Dyches et al 2023). 

Active participation in physical training in hot conditions may provide better acclimatization 
than passive heat acclimatization (Malgoyre et al. 2018), which may be further impacted by 
training modality. For example, a study of interval training and isothermic conditioning which 
involved exercising up to and maintaining a target core temperature of 101.3°F to induce heat 
adaptations resulted in greater cardiovascular and sweat rate adaptations compared to typical 
military training activities or interval training (Tan et al. 2022).  

Physical performance in the cold  

Evidence suggests that cold exposure may degrade CRF and thus aerobic performance, as well 
as strength, power, balance, and manual dexterity (Castellani and Tipton 2015) and may share 
some of the same consequences as training at high altitude or at high temperatures. For 
example, similar to high-altitude exposure, the volume of oxygen required to perform the same 
workload is greater in a cold environment compared to one that is thermoneutral, while, similar 
to heat exposure, those with greater baseline fitness levels are likely to experience lower 
physiologic strain (Hancock et al. 2007; Young and Castellani 2001, 2007). Furthermore, 
decrements to occupational performance may also be dependent on the duration and intensity 
of exposure to cold. Cold exposure may also result in decrements of marksmanship response 
time, but not accuracy, at temperatures below 52°F (Hancock et al. 2007).  
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Cold acclimatization can vary considerably, as thermoregulatory tolerance in the cold is partly 
determined by body size and composition (Young and Castellani 2001, 2007). The most common 
form of cold acclimatization is habituation, resulting in reduced shivering and/or reduced 
cutaneous vasoconstrictor response (Castellani and Young 2016). The degree of habituation is 
dependent on the severity and duration of the cold exposure and can occur even with repeated 
localized cold exposure, such as the hands, rather than whole body cold exposure (Castellani 
and Young 2016). Cold exposure can also induce metabolic acclimatization, including increased 
basal metabolic rate and non-shivering thermogenesis, and insulative acclimatization, which 
enhances heat conservation (Castellani and Young 2016). Finally, although exercising in the cold 
can aid in warming the body and prevent shivering, it also facilitates increased heat loss due to 
the increase in blood flow to the skin and working muscles (Castellani et al. 2010; Young and 
Castellani 2001, 2007). Taken together, exposure to sustained cold weather military operations, 
which typically involve prolonged physical activity often resulting in weight loss and fatigue, may 
present unique challenges for Service members, the consequences of which may be a reduced 
capacity to maintain body temperature.  

Physical performance in complex environments  

There may be situations where a Service member is exposed to not one, but two, environmental 
stressors, such as altitude combined with heat or cold. For example, in a small study of male 
and female military personnel, work rate was found to be lowest in simulated high-altitude 
conditions, while heat combined with altitude produced greater work-rate decrements than 
heat alone (Bradbury et al. 2019). These results also suggest that elevation may have a greater 
impact on performance than heat (Bradbury et al. 2019). Furthermore, although it appears that 
the physiological mechanisms by which heat and altitude affect physical performance do not 
overlap, evidence suggests the favorable cardiovascular adaptations that occur while training in 
a hot environment, such as improved CRF, can improve exercise performance in high-altitude 
environments, where greater baseline VO2 max may be advantageous (Gibson et al. 2017; Park 
et al. 2022; Waldron et al. 2021; White et al. 2014).  
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Medical and Dental Preventive Health and Physical Performance 

Medical and dental preventive health may influence physical performance in several ways, such 
as through personal health behaviors and tobacco use, medical conditions, and use of 
protective equipment. 

General Population Research: Cross-Tolerance 

Evidence suggests that adaptation to one environmental stressor may improve tolerance to 
another. This has been referred to as cross-acclimatization, cross-adaptation, or cross-

tolerance, and typically involves altitude acclimatization with either heat or cold 
acclimatization. 

Cold and Altitude Heat and Altitude 

A small study by Launay and colleagues 
observed an improvement in cold tolerance, 
including increased metabolic heat 
production and decreased heat debt, 
following 5 days of progressive simulated 
altitude acclimation (Launay et al. 2006). 
Recent studies sought to examine whether 
acute hypoxia exposure could augment 
response to cold, including a study of two 
sessions of repeated cold-water immersions at 
either sea level or at simulated hypoxia 
(~14,000 feet for 10 hours at 20°; Keramidas, 
Kolegard, and Eiken 2020). While this study 
found that the cold-induced drop in core 
temperature was augmented in the hypoxia 
condition, and metabolic heat production had 
a greater sensitivity to change (Keramidas, 
Kolegard, and Eiken 2020), a second, similar 
study did not observe any thermoregulatory 
changes to cold following simulated hypoxia 
(Shin et al. 2020). However, studies differed in 
the duration of cold exposure and simulated 
hypoxia levels, which suggests that these 
factors may also play a role in eliciting cross-
adaptation.  

At least one study has reported that 
acclimation to exercise under high-
temperature thermal strain could improve 
physical performance in simulated high-
altitude conditions (Salgado et al. 2020). In 
this study, the incidence of acute mountain 
sickness during a 30-hour hypoxia simulation 
challenge was lower after exercise heat 
acclimation compared to the incidence of 
acute mountain sickness prior to heat 
acclimation, suggesting that acclimatization to 
exercise in heat may reduce risk for acute 
mountain sickness (Salgado et al. 2020). Heat 
acclimatization may improve altitude 
tolerance through cardiovascular adaptations 
(White et al. 2014; Gibson et al. 2017) and may 
be a more practical alternative for Service 
members expecting to deploy to high-altitude 
environments but may be unable to 
acclimatize via altitude chamber. However, if 
heat adaptations are utilized to better prepare 
for time at altitude, it is important to keep in 
mind that there is a decay in heat acclimation 
effects on heart rate and core temperature of 
about 2.5% each day after an individual leaves 
a hot environment (Daanen, Racinais, and 
Periard 2018). 
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Health behaviors and physical performance 

Service members’ physical health and health behavior practices can impact physical 
performance in a variety of ways. For example, factors such as obesity, hypertension, anemia, 
smoking or vaping, temporomandibular dysfunction, or recently giving birth can all result in 
reduced physical performance (Armitage and Smart, 2012; Dinkeloo et al. 2020; Feinberg et al. 
2015; Macera et al. 2011; Miller et al. 2017; Schulze et al. 2017; Teyhen et al. 2016; Tsai et al. 
2019; Miettinen et al. 2021). Although striving to increase physical activity, including leisure 
time activity, will naturally benefit physical performance (Schulze et al. 2017), evidence suggests 
potential benefits for the practice of additional multiple, concurrent positive health behaviors 
such as maintaining a healthy diet and sleep patterns. Conversely, multiple adverse health 
behaviors may have an additive negative effect on performance, as demonstrated in a cross-
sectional study of predominantly male (94.1%) active-duty military personnel in which 
increasing number of adverse medical and/or dental-related factors, including smoking, 
overweight BMI, inactivity, and injury history, appeared to linearly increase Service members’ 
performance decrements (Teyhen et al. 2016).  

Tobacco use and physical performance 

There is considerable evidence for the adverse effects of smoking on Service members’ physical 
performance. Compared to nonsmokers, self-reported smoking among Service members is 
associated with lower fitness levels, a decline of CRF over time, and decreased muscular 
strength and endurance (Feinberg et al. 2015; Macera et al. 2011) whereas smoking cessation 
has been reported to aid in improving physical performance of male U.S. Marines (Feinberg et 
al. 2015). Furthermore, the adverse sequalae associated with acute tobacco cessation, which 
can include anger, irritability, and even slowed reaction times, may initially reduce occupational 
performance (Giannakoulas et al. 2003), indicating the importance of preventing tobacco 
uptake and use by Service members.  

Medical conditions and occupational performance  

Studies have shown that there are certain acute or chronic medical conditions that may degrade 
occupational task performance among Service members, including— 

• Chronic pain (male and female U.S. Navy personnel, Ransom et al. 2022).  

• Barodontalgia (i.e., tooth pain caused by a decrease in ambient pressure) during flight 
(male personnel of the Spanish Armed Forces; Gonzalez Santiago Mdel et al. 2004).  

• Tinnitus (male and female active-duty and veteran U.S. Military personnel; Henry et al. 
2019).  

• Musculoskeletal injury (MSKi)(predominantly male (97.4%) French Armed Forces 
personnel; Sauvet et al. 2009) 
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• Traveler’s diarrhea, particularly relevant during deployment (predominantly male 
(93.2%) French Armed Forces personnel; Aoun et al. 2014).  

Protective equipment and physical performance 

Multiple measures are available to ensure safety and optimal readiness among Service 
members, including the use of personal protective equipment (PPE) such as body armor, 
protective eyewear, mouthguards, and HPDs. However, compliance with use of PPE is often 
suboptimal, at least in part because the devices themselves may sacrifice tactical and 
occupational performance in favor of safety. In one critical review, the use of body armor was 
reported to reduce physical performance by impairing strength, power, and balance as 
compared to not wearing body armor (Larsen et al. 2011). Studies of Israeli Defense Force and 
U.S. Navy personnel suggest wearing protective eye coverings in combat may have adverse 
effects on performance and situational awareness as a result of reduced visual function, lens 
fogging, and significantly reduced measured peripheral vision as reasons for eyewear disuse 
(Gunther and Riddle 2008; Weinstein et al. 2019, respectively), and male Israeli Defense Force 
personnel reported the use of mouthguards to be uncomfortable and/or inhibit their ability to 
speak clearly and be verbally understood (Zadik, Jeffet, and Levin 2010). Use of HPDs has been 
reported to lead to perceived loss of situational awareness and decreased operational 
performance in Canadian Army combat personnel, as HPD use may affect the ability to hear 
orders or radio communications (Abel 2008). However, the injuries that PPE is intended to 
prevent may themselves be associated with reduced Force lethality, as in the case of hearing 
loss, so maximizing PPE use in non-life-threatening situations, such as the use of HPDs during 
training exercises, should be prioritized (Giguere et al. 2015; Sheffield et al. 2017). Newer 
technology may be able to mitigate the operational performance decrements commonly cited 
with PPE use. In a recent study examining new HPDs designed to facilitate situational awareness 
of U.S. Marine Corps Weapons Instructors, use of an active communications earmuff device 
over one year of follow-up was effective in preventing a decline in high-frequency hearing 
sensitivity while maintaining user situational awareness (Federman et al. 2022), suggesting that 
the development of new protective technology may preserve tactical effectiveness without 
sacrificing safety.  

Nutritional Health and Physical Performance  

Nutritional health can affect physical performance through healthy dietary behaviors as well as 
macronutrient, micronutrient, and water intake. 

Healthy dietary behaviors and physical performance 

Following a dietary pattern that meets energy and protein recommendations and avoids eating 
behaviors such as skipping meals or overconsuming sweets is advantageous to Service member 
physical performance (Ghodsi et al. 2023). In particular, eating behaviors such as skipping 
breakfast have been associated with reduced physical activity and lower CRF (Clayton and James 
2016; Jayne et al. 2021), whereas a study of male U.S. Soldiers undergoing Special Forces 
selection found that healthier overall diet quality was associated with better performance on 
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military physical fitness tests (Farina et al. 2020). The practice of healthy eating behaviors may 
also increase the likelihood of practicing other health behaviors that may further benefit 
physical performance, such as meeting physical activity recommendations, suggesting that 
these behaviors may cluster (Farina et al. 2020). A systematic review of studies examining free-
living dietary intake of tactical personnel suggests that military and other tactical personnel may 
meet some nutritional requirements, such as protein intake, while overconsuming fats and/or 
underconsuming carbohydrates (MacKenzie-Shalders et al. 2021), which could have adverse 
consequences for physical performance. 

Protein and carbohydrate intake and physical performance 

Optimal protein intake equaling 10% to 35% of total daily caloric intake (HQ DANAF 2017) is 
both recommended to optimize skeletal muscle training adaptations and Service member 
physical performance and supported by findings of at least one study conducted with male U.S. 
Marines (Cermak et al. 2012) and a meta-analysis of 22 randomized, controlled trials 
representing 680 subjects (Ross et al. 2020). Adequate protein consumption is particularly 
important during times of sustained physical activity such as field training, deployments, and 
sustained operations that often result in severe negative energy balances and losses in lean 
muscle mass (Gan et al. 2022; Henning et al. 2011; Margolis et al. 2016).  

Evidence from at least one systamtic review suggests carbohydrates play an important role in 
supporting optimal Service member physical performance, with particular importance during 
longer duration exercise (Stellingwerff and Cox 2014). Low carbohydrate intake may even impair 
the muscle hypertrophy associated with strength training, and a study of male Norwegian 
Soldiers suggests long-term restriction of carbohydrate intake (i.e., 8 to 12 weeks) may impair 
anaerobic output during high-intensity aerobic physical exertion (e.g., sprinting, timed fitness 
tests) (Margolis and Pasiakos 2023). However, literature exploring associations of carbohydrate 
supplementation in military populations has provided mixed findings, with some reporting no 
performance improvement linked to carbohydrate intake, even in comparison with high-fat 
ketogenic diets, although differing study subject sample and designs and varying levels of study 
robustenss make comparisons challenging (Tvaryanas et al. 2018; McGinnis et al. 2018; Murphy 
et al. 2021; McAdam et al. 2022). Nevertheless, carbohydrate intake may be important for 
optimal recovery from strenuous expercise, as suggested by a meta-analysis of 20 original 
studies showing that co-ingestion of protein and carbohydrate was important for optimzing 
muscle gycogen sythesis rates for recovery following exercise, and that ingestion of additional 
energy from protein in the absence of carbohydrate did not support optimal muscle glycogen 
synthesis (Margolis et al. 2021). 

Hydration and physical performance 

The importance of adequate hydration for physical performance has been generally well 
documented, particularly for the deleterious effects of hypohydration on performance of low-
intensity endurance exercise (Cheuvront, Carter, and Sawka 2003). More recently, systematic 
reviews have compiled evidence supporting adverse effects of hypohydration on other physical 
performance metrics, including strength, power, and high-intensity endurance, reporting 
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significant decrements in performance for these metrics (Judelson et al. 2007; Savoie et al. 
2015). Proper and adequate hydration are particualrly important for Service members when 
training and working in the heat, especially in hot, humid environments, as a means to prevent 
dehydration and EHI or exertional heat stroke (EHS) (Knapik and Epstein 2019; Periard, DeGroot, 
and Jay 2022). Inadequate fluid intake while training in the heat may not only increase risk for 
dehydration but may also decrease Service member tolerance to even mild central 
hypovolemia, or reduced blood volume as a result of dehydration, highlighting the importance 
of adequate hydration during periods of concurrent exertion and thermal strain (Schlader et al. 
2015). However, there are also risks associated with overconsumption of water, even during 
exercise in hot conditions, as this may result in hyponatremia, or low serum and cellular sodium 
concentrations, a dangerous condition that can be fatal (Kolka et al. 2003; Poon et al. 2022). 
Encouraging Service members to adhere to fluid replacement guidelines may help to mitigate 
this risk (Kolka et al. 2003). At least one randomized controlled trial of 57 male South African 
Soldiers reported approximately 300 mL of fluid intake per hour during a 16-km march in hot 
conditions could be considered as a safe minimum, although only under similar experimental 
conditions (Nolte, Noakes, and Nolte 2013).  

Micronutrient supplementation and physical performance 

Supplementation of micronutrients in the form of additional vitamins and minerals may support 
physical performance. For instance, evidence from at least one general population study 
suggests that muscle soreness may be reduced through omega-3 supplementation (Kyriakidou 
et al. 2021), while studies of male and female military personnel, ROTC cadets, and recruits 
suggest that both supplemental vitamin D and DHA/EPA may be favorably associated with 
military fitness test performance, specifically plank performance for EPA and performance on 
deadlift, push-up, 2-mile run time, endurance, and overall fitness test score for vitamin D 
(Carswell et al. 2018; Heileson et al. 2022.) Creatine (either as creatine monohydrate or creatine 
nitrate), a nutritional ergogenic aid and perhaps one of the most widely studied dietary 
supplements, is considered a safe dietary supplement and may have beneficial effects on 
Service member physical performance, with studies suggesting improvements on bench press 
(volume and peak power), vertical jump performance, and pull-up performance (Bennett et al. 
2001; Warber et al. 2002; Galvan et al. 2016; Samadi et al. 2022). Conversely, at least one 
systematic review of 21 military studies concluded no performance-enhancing benefits of 
creatine supplementation in military personnel, although dosing, types of military fitness 
testing, and sample groups and sizes in the included studies may have precluded the ability to 
detect performance differences (Havenetidis 2016). These discordant results suggest there may 
remain a need for more robust research with military populations to further investigate and 
quantify the effects of creatine supplementation. Nevertheless, systematic review findings also 
suggests benefits other than improved physical performace, to include enhanced cognitive-
psychomotor performance, bone health, protection from musculoskeletal damage, and 
neuromuscular function (Havenetidis 2016). 
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Physical Fitness and Physical Performance 

Physical fitness is an important factor for both current and new military personnel and can be 
addressed and assessed through training interventions and fitness testing, respectively. 

Physical activity and physical performance 

Maintenance of physical fitness through regular and consistent physical activity benefits 
physical performance by improving multiple aspects of fitness, including CRF, strength, agility, 
and functional training, and may directly impact occupational performance. During routine 
operations in the garrisoned environment, Service members should strive to meet or exceed 
physical activity recommendations, to include both aerobic and strength training, and decrease 
time spent sitting, which may become increasingly important for Service members as they age 
and/or take on more sedentary roles in the workplace (Kennedy-Armbruster et al. 2013). 

Table 6 presents recommendations, definitions, and examples for the various types of exercise 
that are listed in Health and Human Services Physical Activity Guidelines for Americans (DHHS 
2018). 

Table 6. Physical Activity Guidelines 

 Aerobic Activity: 
Moderate 

Aerobic Activity: 
Vigorous Strength Training 

Definition 

Any activity that raises heart 
rate between approximately 
50% and 60% of an 
individual’s age-estimated 
maximum heart rate and 
can be performed while still 
holding a conversation with 
minimal difficulty. 

Any activity that raises 
an individual’s heart rate 
to age-estimated 
maximum or near 
maximum and cannot 
be performed while 
holding a conversation 
without difficulty. 

Exercises that work all 
major muscle groups 
against some form of 
resistance.  

Examples 

Brisk walking, playing tennis 
with a partner, household 
chores such as mopping 
floors or raking leaves 

Running faster than 5 
mph or swimming laps 

Weightlifting, or 
exercises that use body 
weight as resistance 
such as push-ups and sit-
ups 

Recommendation 150 minutes/week 75 minutes/week At least 2 sessions/week 
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During deployment, however, Service members may find it more difficult to participate in 
regular physical activity outside of that achieved during routine operations due to the 
competing demands placed on Service members during this time. Nevertheless, evidence from 
at least one study of male and female U.S. Army personnel supports the importance of 
achieving aerobic and strength training three or more days per week throughout deployment as 
a strategy to support CRF, endurance, and strength (Warr et al. 2013), especially given evidence 
that aerobic endurance may decrease during deployments concomitant to reduced participation 
in aerobic training (Pihlainen et al. 2023).  

Military recruit fitness and physical performance 

Trends in fitness of the general U.S. population indicate that fewer than 1 in 3 young adults are 
fit for military service, and that recruits may enter military service at lower fitness levels than 
previous generations, thus requiring more conditioning to achieve  the standard (Cawley and 
Maclean 2012; Webber et al. 2023). A 2017 systematic review examining 38 years of data on 
U.S. Army recruits reported a trend of decreasing 2-mile and 1-mile run times with little to no 
change in push-up and sit-up performance during the years that data were collected (Knapik et 
al. 2017), supporting the need for increased cardiorespiratory endurance training among new 
recruits.  
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Fitness testing and physical performance 

Evidence, including at least one systematic review, suggests balanced training programs that 
include both aerobic and full-body strength training are optimal for improving fitness test 
performance (Kyrolainen et al. 2018; Vaara et al. 2022), with those who meet or exceed physical 

 
General Population Recommendations and Research: Physical Activity  

 
Engaging in regular physical activity is effective for improving overall health and fitness, as well 
as reducing the risk of chronic disease. Scientific research extensively demonstrates the many 
health benefits of physical activity among the general population and emphasizes that any 
additional activity beyond recommended levels yields further benefits. A minimum of 150 
minutes of weekly, consistent, moderate-intensity aerobic activity is recommended and shown 
to reduce the risk of chronic diseases and adverse health outcomes. However, the general 
population in the United States struggles with meeting the recommended guidelines for 
physical activity. Many individuals live sedentary lifestyles and do not engage in as little as 60 
minutes per week of physical activity. According to the CDC, the prevalence of physical 
inactivity among U.S. adults was 25.3% (CDC 2025); less than half (46.9%) of U.S. adults aged 
18 and older met the Physical Activity Guidelines for aerobic physical activity; and only 24.2% 
of U.S. adults age 18 and older met the Physical Activity Guidelines for both aerobic and 
muscle-strengthening activity (CDC NCHS 2022). If these unhealthy physical activity behaviors 
continue, the general population will experience increased risk of many adverse health 
outcomes. 
Many studies involving the general population have investigated the health benefits of physical 
activity, highlighting the beneficial relationships between physical activity and better health-
related outcomes, including improved brain health and cognitive functioning (Deslandes et al. 
2009; Phillips 2017; Erickson et al. 2019); weight management (Rippe and Hess 1998; Oppert, 
Bellicha, and Ciangura 2021; Petridou, Siopi, and Mougios 2019; Paixao et al. 2020; Swift et al. 
2014); reduced risk of cardiovascular disease (Elagizi et al. 2020; Garcia et al. 2023; Kaminsky 
et al. 2022; Myers, Kokkinos, and Nyelin 2019); reduced risk of type 2 diabetes (Carbone et al. 
2019; Wahid et al. 2016); reduced risk of serious outcomes from infectious diseases (Chastin et 
al. 2021; Nieman and Sakaguchi 2022; Jimeno-Almazan et al. 2021; Morrow et al. 2022; You 
2023); reduced cancer risk (Garcia et al. 2023; Brown et al. 2012; Wang and Zhou 2021; 
McTiernan et al. 2019); management of existing chronic conditions and disabilities (West et al. 
2019; Barkley and Reams 2021; Sharif et al. 2018; Ko et al. 2021); and improved quality of life 
(Wu et al. 2017; Pucci et al. 2012; Marker, Steele, and Noser 2018; Reid et al. 2010).  
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activity guidelines being more likely to score higher on and pass fitness tests (Anderson et al. 
2017; Grier et al. 2015; Heinrich et al. 2022; Kraemer et al. 2004; Santtila et al. 2022). Studies of 
predominantly male (90% or greater) U.S. Military personnel suggest that healthier body 
composition, including greater lean mass and lower body fat percentage and fat mass, may be 
associated with better performance on fitness tests (Anderson et al. 2017; Farina et al. 2022) 
and tests of strength and power (Aandstad 2020; Hydren et al. 2017; Poser et al. 2019). Just as 
better physical fitness and healthier fitness behaviors may improve military fitness test 
performance, practice of unhealthy behaviors, including tobacco consumption and failure to 
meet physical activity guidelines, may degrade fitness test performance for both male and 
female Service members (Heinrich et al. 2022; Russell et al. 2019).  

The physical demands of Service members can vary widely, making it difficult to determine the 
optimal way to assess performance and physical readiness, particularly due to the constraints of 
testing a large population on a regular basis. Researchers have compared various fitness 
assessments to identify comprehensive indicators of Service member physical fitness and 
performance. While there are key physical occupational tasks Service members are likely to 
perform, including load carriage, manual material handling, and casualty evacuations (Vaara et 
al. 2022), historically U.S. Military physical assessments have measured basic fitness through 
exercises such as timed runs, push-ups, sit-ups, and planks. However, evidence suggests these 
tests may only assess muscular and aerobic endurance without providing accurate measures of 
functional performance (Huang et al. 2018). A systematic review and meta-analysis assessing 
relationships between fitness test performance and military-related occupational tasks found 
correlations between cardiorespiratory endurance and the lift and carry test, and between 
upper body strength and the single-repetition lift and lower task, while lower body strength 
tests were correlated with performance on the stretcher carry task (Hauschild et al. 2017). 
However, many of the other tests assessed, such as those assessing trunk strength or 
endurance, only weakly correlated, or were not correlated, with occupational task performance 
(Hauschild et al. 2017). Conversely, occupational task tests such as the warrior task simulation 
test (WTST), which consists of various occupationally relevant tasks such as high crawl, casualty 
drag, point-aim and move drills, 91-meter shuttle sprint with ammo can, and agility sprint, have 
been developed with the aim to better understand  the true physical requirements of Service 
members. Studies of the WTST conducted with male civilians suggest that muscular endurance, 
aerobic fitness, lower levels of body fat, and higher agility are independent predictors of 
performance on the WTST, and that historic military fitness tests may not be adequately 
comprehensive to assess occupational task performance (Huang et al. 2018). Whilte there may 
be no perfect solution for assessing military performance, studies of other occupational task 
tests such as box lifts, the casualty evacuation drill, and the Ranger Physical Assessment test, or 
occupation-specific movement tests such as the countermovement jump, conducted with 
military Service members support previous reports highlighting the importance of training 
approaches designed to support the development of aerobic fitness, lean muscle mass, 
strength, and power for both male and female Service members (Szivak et al. 2014; Barringer et 
al. 2019; Pihlainen et al. 2018; Poser et al. 2019).  
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Training modality and physical performance 

Given the importance of physical training for improving and optimizing Service member 
performance, the development of military physical training programs has been an important 
research focus. Training programs designed to increase Service members’ practice of interval 
and functional type training in addition to, or even in lieu of, traditional military training 
consisting of long-distance running and bodybuilding-type resistance training have shown 
success in improving Service members’ body composition, CRF, power, and performance on 
military occupation-relevant tasks such as casualty recovery drills (Helen et al. 2023; Lester et al. 
2014; Walker et al. 2011), although many of these studies have included predominantly or all-
male participants. Highlighting the value of training programs that address multiple aspects of 
Service member fitness for both male and female Service members, a 12-week study of male 
and female active-duty U.S. Air Force personnel assessing the effects of a program consisting of 
a total body resistance circuit, moderate recovery-oriented cardiovascular exercise, and high 
intensity cardiovascular endurance training reported significant improvements in participant 
strength and endurance, power, mobility, and lean muscle mass versus a traditional military 
training program (Zwilling et al. 2020). Further support for similarly novel, multimodal military 
training programs is provided in a systematic review and meta-analysis reporting significantly 
greater improvements to muscular endurance, power, strength, and occupational physical 
performance measures with such programs as compared with traditional training regimens 
(Smith et al. 2022). Similarly, studies have also examined ways to prevent the decrements in 
fitness commonly reported for Service members during deployment. These studies noted that 
combined endurance and strength training, regardless of strength-to-endurance training 
emphasis, undertaken an average of three days per week throughout deployment was sufficient 
to help male Soldiers maintain body mass and fitness (Pihlainen et al. 2022). 

Although most available studies on the topic of training modalities for Service member 
performance have enrolled predominantly male participants, research with female Service 
members suggests that these individuals may benefit from tailored physical training programs, 
with greater emphasis on the development of upper body strength and power, especially for 
those with a combat-arms MOS (Nindl 2015). In fact, training programs tailored specifically for 
improvement of occupational lifting tasks for female Service members have demonstrated 
success in qualifying female Soldiers for “heavy: and “very heavy” MOSs after six months of 
training (Nindl et al. 2017).  

Together, the literature suggests that identifying a single best training program for Service 
members may be challenging due to substantial differences in tested programs, including 
program length, training frequency, and modality. Moreover, performance optimization is likely 
not a one-size-fits-all approach; rather, Service members should focus on meaningful training 
progression, with emphasis on functional movement and balanced programs with sufficient 
recovery and nutritional support to prevent injury (Kyrolainen et al. 2018). The available 
evidence suggests that incorporating agility and high intensity functional training in lieu of long-
distance aerobic training may maximize training adaptations with lower training time 
commitments (Haddock et al. 2016; Helen et al. 2023; Lennemann et al. 2013).  
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Psychological Health and Physical Performance 

Psychological health may have important linkages with physical performance through reciprocal 
relationships with allostatic load and physical activity. 

Mental health, allostatic load, and physical performance 

Psychological health may contribute to physical performance through the association of 
allostatic load with physical fitness (Corrigan et al. 2021). Evidence from a systematic review of 
26 studies suggests that lack of physical activity may contribute to increasing allostatic load 
(Suvarna et al. 2020), which is an indicator of the cumulative burden of chronic stress and 
associated with overall poorer health outcomes (Guidi et al. 2021). As lower HRV may indicate 
increased allostatic load, HRV may be a means by which to capture allostatic load. In a 
systematic review, HRV was reported to be reduced following stress exposure, with greater 
magnitude of stress resulting in more persistent reduction of HRV, and reduced HRV was 
associated with occupational performance decrements among tactical operators and first 
responders (Corrigan et al. 2021). Taken together, this evidence suggests that cumulative “wear 
and tear” measures such as allostatic load may be indicative of linkages between psychological 
health and physical health and performance-related outcomes, and that the relationship 
between allostatic load and these measures may be mediated to some extent by physical 
activity or fitness.  

Psychological health and occupational performance  

Beneficial psychological characteristics such as resilience, mental toughness, and hardiness, may 
improve occupational performance (Beckner et al. 2021; Giles et al. 2018; Lin et al. 2017; Wong 
et al. 2022; Bartone and Bowles, 2020) and studies with male and female U.S. Air Force 
personnel suggest that these attributes may help Service members push through the rigors and 
challenges that often accompany military life and high stress occupational environments (Pflanz 
2001; Pflanz and Ogle 2006). A previous synthesis of more than 270 research studies defined 
resilience as “the process of negotiating, managing, and adapting to significant sources of stress 
or trauma” (Windle, Bennett, and Noyes 2011), while mental toughness has been defined as “a 
state-such as psychological resource that is purposeful, flexible, and efficient in nature for the 
enactment and maintenance of goal-directed pursuits” (Gucciardi 2017). Hardiness, which has 
both state- and trait-like qualities, is marked by a strong sense of commitment; a belief that the 
world is interesting and meaningful; belief in the ability to control or influence outcomes; and a 
willingness to accept challenge in terms of having an adventurous approach to living (Bartone 
and Bowles 2020). Service members with greater trait resilience, coupled with a high level of 
fitness, may perform better in stressful operational environments, which can include exposure 
to multiple external stressors for a sustained period (Beckner et al. 2021), and mental toughness 
may improve the ability to handle stressful situations and increase commitment to tasks (Lin et 
al. 2017). Mental toughness has also been associated with behavioral perseverance in male and 
female U.S. Army personnel (Giles et al. 2018), which may enhance occupational task 
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performance and improve the likelihood of selection to certain military assignments such as 
Special Forces (Gucciardi et al. 2021).  

Conversely, psychological factors such as mental health conditions can negatively impact Service 
member occupational performance. Specifically, associations of work-related stress, anxiety, 
depression, and PTSD with impaired work performance and absenteeism have been reported 
among both male and female active-duty U.S. Military personnel (Dunbar et al. 2022; Pflanz and 
Ogle 2006). Importantly, occupational specialty may play a mediating role in this relationship, as 
two large studies have associated Service member MOS with new-onset PTSD and/or suicide 
risk, particularly for Service members in combat roles (Mayo et al. 2013; Straud et al. 2020).  

Spiritual Health and Physical Performance 

Spiritual well-being, which may include existential and/or spiritual well-being, may influence 
physical performance by increasing physical resilience and other measures of occupational well-
being.  

Spiritual well-being and physical performance 

General population studies, as well as studies of U.S. Air Force personnel and military veterans, 
suggest that spiritual well-being, existential well-being, and workplace spirituality can improve 
physical resilience and protect against professional burnout, work or family conflict, and 
emotional exhaustion, and increase self-efficacy (Bormann et al. 2012; Dal Corso et al. 2020; 
Oglesby et al. 2021; Wood et al. 2018). Spiritual well-being, defined by the National Interfaith 
Coalition on Aging as “the affirmation of life in a relationship with God, self, community, and 
environment that nurtures and celebrates wholeness,” consists of multiple dimensions, 
including the “horizontal dimension” of existential well-being, or “one’s sense of purpose and 
satisfaction in life,” and the ”vertical dimension” of religious well-being, or “an individual’s 
relationship with God or some higher power” (National Interfaith Coalition on Aging 1975; 
Ellison 1983). Spiritual well-being includes practices and behaviors such as mindfulness and self-
compassion, fostering a sense of gratitude, feelings of well-being and joy, a positive spiritual 
connection to something larger than self, and a cognitive sense of being authentic and engaged 
in meaningful occupations, all of which have been found to contribute to active coping and 
improved quality of life (Ramon, Guthrie, and Rochester 2020); life satisfaction (Green, Noor, 
and Ahmed 2020); and higher positive affectivity and work engagement (Dal Corso et al. 2020). 
Research with U.S. Air Force personnel suggests that individuals with a greater sense of well-
being tend to have greater levels of social support, and it is likely that this relationship is bi-
directional, while work conflict and overload, relationship stress, low job satisfaction, and low 
unit cohesion are associated with lower levels of well-being (Bufford et al. 2023).  
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Interaction of the Health and Fitness Domains and Physical Performance 

Table 7. Interaction of Health and Fitness Domains and Their Influence on Physical 
Performance 

Outcome Interacting Domains Findings Reference 

Physical performance 
(overall) 

Medical Preventive 
Health 

Physical Fitness 

Endorsement of multiple adverse 
health behaviors (such as inactivity, 
obesity, smoking) have an additive 
negative effect on physical 
performance. 

Teyhen et al. 2016  

Nutritional Health 

Medical Preventive 
Health 

Physical Fitness 

Psychological Health 

Environmental Health 

Field training and sustained 
operations, which combine 
sustained physical activity with 
sleep restriction, low caloric intake, 
stressful scenarios, and often 
environmental extremes, is 
associated with physical 
performance decrements.  

Heilbronn et al. 
2023; Margolis et 
al. 2014; O'Hara 
et al. 2014; 
Ojanen et al. 
2023; Pihlainen et 
al. 2023; Ponce et 
al. 2023; Vaara et 
al. 2015 

Occupational 
performance 

Medical and Preventive 
Health 

Psychological Health 

Acute tobacco cessation can result 
in anger, irritability, and slowed 
reaction times, reducing 
occupational performance. 

Giannakoulas et 
al. 2003  

CRF 
Nutritional Health 

Psychological Health 

Health behaviors such as skipping 
breakfast and consuming low-
quality diets reduce physical 
performance. 

Clayton and 
James 2016; 
Farina et al. 2020; 
Ghodsi et al. 
2023; Jayne et al. 
2021 

 

Gaps and Calls to Action in Physical Performance 

Physical performance is a key component of Service member readiness that allows Service 
members to meet the rigorous physical demands of military service. Service member physical 
performance is often assessed through military fitness tests or individual component measures 
such as CRF, muscular and cardiovascular endurance, and muscular strength or power, and 
research findings highlight the importance of concurrent positive health behaviors across 
multiple domains to maximize physical performance. However, gaps remain in the 
understanding of how many factors spanning multiple domains of health and fitness influence 
Service member physical performance, and future studies addressing these gaps will be an 
important part of continued efforts to optimize U.S. Military personnel readiness.  
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1. The influence of financial, social, and spiritual health on Service member physical 
performance. There is limited available information in military populations on how 
social, spiritual, or financial health may impact physical performance or performance on 
fitness tests. For example, better understanding of how unit cohesion, a social domain 
component, contributes to physical performance may provide additional support for 
programs designed to optimize unit leadership and cohesion among unit members.  

2. The influence of other environmental factors (e.g., climate change, the built 
environment) on physical performance. There is a need to better understand how 
environmental factors such as climate change and the built environment, to include both 
the design of military installations and communities as well as the buildings in which 
Service members live and work, may be associated with both physical performance and 
cross-domain factors such as physical training- which may also influence physical 
performance. Moreover, there is a need for study populations that better reflect the 
demographic makeup of military populations when these research questions are 
investigated. Specifically, an evidence gap exists pertaining to the exploration of 
potential differences between male and female Service members (e.g., performance of 
female Service members in cold climates and at high altitudes; training modalities for 
the optimization of performance of female Service members), as most currently 
available studies were conducted with all-male military personnel samples.  

3. Wearable devices and Service member physical performance. Continued research 
regarding the impact of wearable devices designed to track metrics associated with 
improving Service member physical and occupational performance, as well as 
compliance with the use of such devices, is warranted as a means to maximize Service 
member physical performance without unnecessary safety risks.  

4. Service member acclimatization to adverse environmental and climatic conditions. There 
is a need for research that can further elucidate the physiological mechanisms 
associated with environmental acclimatization and adaptation and how these processes 
may influence Service member performance, especially in harsh and unforgiving 
climates. There is also a need for additional robust research examining whether and to 
what extent male and female Service members may differ in terms of performance in 
and acclimatization to training and operational performance in adverse environments. 

Physical Health  

Health and Fitness Domains with Evidence Pertaining to Physical Health 

Environmental Financial Medical/ 
Dental Nutritional Physical Psychological Social Spiritual 
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Introduction  

Maintaining optimal physical health is essential for ensuring the operational readiness and 
effectiveness of Service members and overall mission success. Physical health directly impacts 
Service members’ ability to endure arduous conditions, execute missions effectively, and 
recover quickly from injuries, as well as contributes to stress resilience, enhances mental well-
being, and reduces risk of injuries and illnesses, all of which may promote longevity and even 
military retention. Given the critical role of physical health for Service member readiness, it is 
important to explore how domain components and factors contribute to physical health; in 
turn, this understanding may inform comprehensive strategies for maintaining and even 
improving Force physical health and readiness.  

Environmental Health and Physical Health 

Environmental factors, such as extreme environments, flora and fauna, and vector-borne 
disease can affect physical health, particularly injury, communicable and chronic disease, sleep, 
and mortality. 

Body composition, obesity, and extreme environments 

The external environment can impact a Service members’ body composition, due primarily to a 
combination of factors involving both energy consumption and expenditure. Studies conducted 
with predominantly male Service members suggest it is common for military personnel to 
experience declines in both muscle and fat mass during strenuous field training operations or 
deployments due to the concurrent sustained physical activity and low caloric intake (Gan et al. 
2022; Henning et al. 2011; O'Hara et al. 2014; Ojanen et al. 2023; Pihlainen et al. 2023). When 
combined with certain environmental conditions, such as thermal stress during cold exposure, 
there is an increased energy demand resulting from the need to complete strenuous physical 
tasks while also maintaining body temperature, which may further exacerbate body weight 
decline if sufficient energy intake is not maintained (Ahmed et al. 2020; Ojanen et al. 2023). For 
example, a small study of male and female Canadian Armed Forces personnel found that during 
a 5-day cold weather field exercise, participants consumed a significantly lower energy intake as 
compared to daily expenditure, resulting in a 4% decrease in body fat percentage (Ahmed et al. 
2020). Similarly, there is evidence that exposure to high elevation may impact Service member 
body composition by increasing basal metabolic rate by as much as 30%, and, subsequently, 
increasing the total energy required for physical activity (Hill et al. 2011). This, coupled with the 
loss of appetite that has been shown to occur with rapid ascent to high elevation, may make it 
difficult for military personnel to consume enough energy to avoid body mass loss (Hill et al. 
2011); however, Service member performance may be protected through consumption of a 
high-carbohydrate diet (Hill et al. 2011). In contrast, hot thermal stress due to hot climatic 
conditions may interact with body composition in a different way, where those with higher 
levels of body fat are more prone to experiencing heat intolerance and exertional heat illness 
(EHI), important given the association of hospitalization for EHI with both all-cause and 
cardiovascular long-term mortality as shown in at least one cohort study of U.S. Army personnel 
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(Wallace et al. 2007; Bedno et al. 2014; Alele et al. 2021b). Taken together, literature supports 
the importance of adequate or even supplemental energy intake for the preservation of body 
composition in situations of exposure to cold or high-elevation environments, although 
measures to reduce the risk of heat illness may need to be taken when Service members who 
exceed body composition requirements are operating in hot environments.  

Environmental health and musculoskeletal injury  

Physical strain and exertion involved in military missions significantly increases the risk of MSKi, 
which can adversely impact overall physical health (Ang et al. 2009; Armed Forces Health 
Surveillance 2012; Henning et al. 2011; Kollock et al. 2016; Lyons et al. 2021; O'Hara et al. 2014; 
Posch et al. 2019; Shiri et al. 2015; Yoganandan et al. 2015). Skeletal muscle and bone are 
susceptible to loss, weakening, and damage during prolonged military missions, primarily due to 
repetitive motions, carrying of heavy loads, and vibrations associated with military vehicles, 
making soldiers highly vulnerable to stress fractures (Henning et al. 2011) and spinal injuries 
(Kollock et al. 2016). Military subgroups who may be at increased risk for MSKi due to 
operational stress include U.S. Special Operators (O'Hara et al. 2014) and Service women in the 
U.S. Military who completed at least one deployment (Armed Forces Health Surveillance 2012). 
Thus, evidence suggests that limiting deployment frequency may promote physical health 
benefits and reduce risk for MSKi (Armed Forces Health Surveillance 2012; Henning et al. 2011).  

Military pilots may have particularly increased risk for occupational-related injuries to the 
cervical and lumbar spine as a result of flight-specific environmental factors, including high-
volume flight schedules, in-flight posture required to perform certain tasks, helmet mass, 
number of flight hours logged, helicopter vibrations, and crewmember height and overall fitness 
(Ang et al. 2009; Harrison et al. 2015; Posch et al. 2019; Shiri et al. 2015; Wallace et al. 2021; 
Yang et al. 2021). These factors highlight the growing concern of MSKi for this subpopulation 
and the need for preventive approaches, as a study of male Chinese male military pilots 
suggests that pain and injury to the spine in these personnel may lead to worsening neck pain, 
weak core muscle activation, and reduced hip strength (Yang et al. 2021). Effective approaches 
to reducing neck and/or back pain prevalence in this population may include incorporation of 
neck and shoulder exercise regimens (Ang et al. 2009) or vibration exercises, shown in at least 
one general population study to reduce low back pain by improving core strength (Lyons et al. 
2021).  

High altitude and non-musculoskeletal injury  

Along with increased risk for MSKi, military Service members may also have increased risk for 
other injuries and illnesses due to environmental exposures. Exposure to hypoxic conditions due 
to high elevation can lead to AMS, generally occurring for most unacclimatized individuals at 
altitudes greater than 14,700 ft (Bartsch and Swenson 2013; de Aquino Lemos et al. 2012; 
Fabries et al. 2022; Issa et al. 2016; Luks et al. 2010; McMorris et al. 2017; Shaw et al. 2023; 
Shaw et al. 2021). Common AMS symptoms include headache, dizziness, and nausea, and are 
more common among those who ascend quickly and are not acclimatized to high elevation 
(Burtscher, Hefti, and Hefti 2021; Bartsch and Swenson 2013; Norris et al. 2012). General 
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population research suggests increased severity of AMS is associated with increasing altitude 
(Irarrazaval et al. 2017) and higher rate of perceived exertion (Bakker-Dyos et al. 2016), which 
may have important consequences for Service members. More severe forms of AMS can include 
cerebral and pulmonary edema and can be life-threatening if untreated (Bartsch and Swenson, 
2013). However, it is important to note that side effects of hypoxia may vary on an individual 
basis, as does the time to high-altitude acclimatization, and at least one systematic review and 
meta-analysis suggests certain there may be sex- and age-based differences in AMS risk (Hou et 
al. 2019). A history of migraines or previous AMS may also increase Service members’ risk for 
AMS (Richalet et al. 2012), and a study of U.S. Marines has identified dehydration and recent 
arrival at the designated elevation identified as additional risk factors (Norris et al. 2012). High 
altitude exposure may also increase the risk for development of inflammatory or autoimmune 
disease, particularly when combined with other pro-inflammatory risk factors such as smoking 
(Hussain and Tripathi, 2018). Importantly, tolerance of and recovery from high altitude exposure 
may be supported by hypoxia training (Cable 2003), dietary nitrate supplementation (Marshall 
et al. 2021), and medications such as zolpidem and zaleplon, administered before sleep to 
promote sleep recovery and reduce high altitude induced fatigue (Jouanin et al. 2009). 

Cold exposure and non-musculoskeletal injury 

Depending on the severity of cold exposure, military Service members exposed to cold 
environments may also be at an increased risk for frostbite or non-freezing cold injuries (NFCI), 
which covers a range of clinical syndromes often referred to colloquially as trench foot, 
immersion foot, and paddy foot, all of which are associated with sustained exposure to cold, 
wet environments (Imray et al. 2011). While NFCI typically does not occur at temperatures 
below freezing owing to the need for moisture, variables influencing frostbite, which can only 
occur in below-freezing temperatures, may overlap with those influencing NFCI (Zafren, 2021), 
and evidence suggests military personnel may be more likely to have such injuries during 
routine training exercises rather than combat operations (Imray et al. 2011). Avoiding prolonged 
exposure to cold, wet environments is an effective approach to preventing NFCI, along with 
other prevention behaviors such as increasing blood flow to the feet, remaining active, keeping 
feet dry, and maintaining core body temperature (Imray et al. 2011).  

Hot climates and non-musculoskeletal injury 

A substantial amount of research strongly suggests prolonged exposure to hot climates may 
significantly impact Service member physical health, and that military personnel may be at an 
increased risk for EHI including heat exhaustion, heat injury, exertional heat stroke (EHS), or 
other related illnesses such as exertional rhabdomyolysis, exercise-associated hyponatremia, 
and exercise collapse associated with sickle cell trait (Alele et al. 2021a; Alele et al. 2020b; 
Goforth and Kazman 2015; Hosokawa et al. 2019; Kazman et al. 2020; Kazman et al. 2015; Lee 
et al. 2022; Lewandowski and Shaman 2022; Li et al. 2021; Nelson et al. 2018; Oh et al. 2022; 
Periard et al. 2022; Williams and Oh 2022). In addition to thermal stress, other factors may 
mediate risk for EHI in military populations, including low physical fitness levels, obesity, prior 
day thermal exposure or history of EHI, sleep deprivation, dehydration, and MOS (Alele et al. 
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2021b; Alele et al. 2020b; Goforth and Kazman 2015; Hosokawa et al. 2019; Lewandowski and 
Shaman 2022; Williams and Oh 2022). Despite some studies suggesting that female sex may 
play such a role in EHI risk, evidence is conflicting (Alele et al. 2020a; Kazman et al. 2015; Periard 
et al. 2022; Williams and Oh 2022). Other mediating factors may also include dietary choices 
such as caffeine consumption, which may increase exercise-induced physiological strain 
(Kazman et al. 2020), insufficient energy/nutrient intake, and improper fluid and electrolyte 
intake (Lee et al. 2022). Body armor and load-carrying may also contribute to risk for 
overheating among military personnel, as suggested by an in silico study reporting an inverse 
relationship between body armor coverage and the work duration needed to reach dangerous 
core temperatures (Hunt et al. 2022). Finally, high motivation may also place military personnel 
at increased risk for EHI, as highly motivated individuals will likely push themselves in an 
attempt to work through early symptoms (Alele et al. 2020b; Goforth and Kazman 2015; 
Hosokawa et al. 2019; Periard et al. 2022). The EHS literature has also explored the possible role 
of rhabdomyolysis in EHS, especially in hot environments (Li et al. 2021), and among both male 
and female Service members, there is evidence that a significant relationship exists between 
exertional rhabdomyolysis (Oh et al. 2022) and EHI (Nelson et al. 2018).  

Dangerous flora and fauna and non-musculoskeletal injury  

Certain deployment or training environments may increase Service member risk for dangerous 
wildlife encounters and injuries associated with bites or stings. Temporary structures commonly 
used for field sanitation and living quarters in austere environments may increase exposure to 
biting and stinging arthropods, and use of such structures may even serve as a surrogate marker 
of that exposure risk (Shiau et al. 2007). Service members should ensure they are aware of 
venomous snakes and arthropods and use of protective clothing, when possible, to help to 
mitigate risk of injury (Shiau et al. 2007). 

Communicable and vector-borne diseases 

A considerable amount of military-focused research strongly suggests that vector-borne and 
communicable disease infection has significant effects on Service member physical health. 
Research has found this population is at an increased risk for vector-borne diseases, including 
arthropod-borne diseases such as Lyme disease, malaria, dengue, leishmaniasis, chikungunya, 
Rift Valley fever, West Nile virus, Rocky Mountain spotted fever, Mediterranean spotted fever, 
African tick bite fever, ehrlichiosis, Congo hemorrhagic fever, sleeping sickness, Q fever, 
brucellosis, and chagas disease (Aronson et al. 2006; Frickmann and Herchenroder 2019; Hurt 
and Dorsey 2014; Kitchen et al. 2009; Pages et al. 2010; Schubert and Melanson 2020; Webber 
et al. 2017; Weina et al. 2004; Willard et al. 2005; Yanik et al. 2004). Vector hosts include 
mosquitos, sand flies, ticks, mites, fleas, louse, tsetse flies, and kissing bugs; Service members 
may also be exposed to infected rodents carrying tick-borne diseases (Chae et al. 2003). Vector-
borne diseases specific to a particular locale or environment may pose significant challenges to 
deployed military personnel. For example, malaria incidence was once as high as 52 cases per 
1000 Soldiers deployed in the Middle East (Beiter et al. 2019), with few cases observed in other 
geographic locations. This rate has decreased in recent years, largely due to withdrawal of 
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Service members from the Middle East (Beiter et al. 2019). However, climate change poses 
unique challenges to the prevention of vector-borne diseases, as it alters the geographic 
distribution and prevalence of vector species carrying human pathogenic diseases (Mora et al. 
2022). Health hazards in areas of military operations vary with climatic and sanitary conditions, 
including overcrowding of barracks and training spaces, poor hygiene, and lack of clean water in 
field or deployment operations (Aronson et al. 2006; Ho et al. 2014; Korzeniewski, 2011), 
prompting the need for transformative approaches in military medicine and defense medical 
support (Robinson et al. 2023). Surveillance and control measures for specific diseases, such as 
West Nile virus near naval stations, have been implemented (e.g., miniature light traps baited 
with dry ice, baited gravid traps, New Jersey light traps, Fay-Prince traps, encephalitis vector 
surveillance traps, the Mosquito Magnet) (Stein and Claborn, 2005). Satellite vegetation index 
data for forecasting mosquito population dynamics is another effective tool implemented by 
military stations (Britch et al. 2008). Additionally, the use of personal protective measures 
(Vickery et al. 2008) such as permethrin treated uniforms and bed nets and the use of DEET to 
prevent insect bites are common approaches for preventing or limiting vector-borne disease 
exposures (Kitchen et al. 2009).  

Environmental health and chronic health conditions  

Environmental exposures such as toxins, extreme temperatures, and characteristics of the built 
environment may increase Service members’ risk for developing chronic conditions and 
increased somatic symptom burden, which may be mediated by concern about environmental 
exposures (McAndrew et al. 2012). For example, environmental exposures in the workplace, 
such as to noise and solvents (e.g., jet fuel) may have a combined adverse impact on the central 
auditory nervous system (Warner et al. 2015). Additionally, exposure to per- and polyfluoroalkyl 
substances (PFAS), used in many military munitions and fire retardants and released into the 
environment where they can be directly inhaled or absorbed into water and soil, may increase 
risk for diabetes mellitus and cardiovascular disease (Koban and Pfluger 2023). 

Other chronic conditions associated with environmental exposures include an increased risk for 
chronic respiratory symptoms, airway diseases, and lung injury during or following deployment, 
due to airborne particulate matter, dust, lead, silica dust, and firearm-related chemical 
exposures (Berman et al. 2021; Falvo et al. 2015; Garshick and Blanc, 2023) associated with 
burn pits (Olsen et al. 2022; Wang et al. 2023), dust storms, improvised explosive device blasts, 
exhaust from small arms fire, and combustible fuel exhaust from vehicles (Wauters et al. 2019). 
While evidence from Service members returning from deployment to Iraq and Afghanistan 
consistently supports the development of chronic airway obstructions, airway hyperreactivity, 
and other respiratory tract diseases associated with these exposures there (Falvo et al. 2015; 
Korzeniewski et al. 2013), there is mixed evidence regarding the development of asthma 
(DelVecchio et al. 2015; Morris et al. 2014; Rivera et al.), suggesting a need for additional 
studies of Service member deployment-related risk for this condition.  
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Pesticide exposures and risk for chronic illness 

Pesticide exposure associated with environmental pesticides, pesticides applied to uniforms and 
in flea collars, and government issued DEET-containing insect repellant is a significant predictor 
of chronic multisymptomatic illness (CMI) in veterans, with one study of male and female U.S. 
Military veterans from the post-9/11 era suggesting that almost three-quarters of veterans may 
have at least one symptom of CMI and that more than one-third likely meet criteria for a CMI 
diagnosis (DeBeer et al. 2017). In particular, the vector-control insecticide permethrin (Macedo 
et al. 2007), often used to treat military uniforms to prevent bites from arthropods such as 
mosquitoes and ticks, may present risk for CMI, as evidence suggests that permethrin exposure 
via military uniforms may result in higher permethrin exposure among military personnel 
compared to other occupational groups (Maule et al. 2019). Moreover, permethrin-treated 
uniforms worn in high-heat conditions may result in significant permethrin absorption, as 
indicated by substantially increased urinary permethrin biomarker concentrations compared to 
ambient conditions (Maule et al. 2020; Proctor et al. 2020), which may be further exacerbated 
by wear-time duration (Proctor et al. 2014). Recommendations to reduce permethrin exposure 
include limiting wear-time duration (Proctor et al. 2014) and wearing uniforms that are treated 
using a new permethrin formulation (Proctor et al. 2023). Frequent washing of uniforms may 
also reduce permethrin exposure, likely due to removal of some of the permethrin during 
washing (Scarpaci et al. 2020). Notably, permethrin-treatment of military uniforms has been 
shown in studies to play a valuable role in the prevention of tick bites to Service members 
(Nadolny et al. 2024; Faulde et al. 2015), which may prevent infection with and spread of tick-
borne diseases, underlining the need to examine risk-benefit ratios specific to the topic of 
permethrin and other pesticide use in Service member uniforms. 

The built environment, climate, and sleep 

There are many factors that may adversely impact physical health through their influence on 
sleep health among Service members. Good sleep hygiene, which includes environmental 
factors such as light, temperature, and noise conditions, is one of the basic tenets of ensuring 
sound, quality sleep (WRAIR 2025). However, military barracks are often not conducive to a 
good night’s rest, as they are usually located near installation operations but not soundproofed 
against the associated noise, which can include moving troops, vehicles, and airfield noises, 
depending on the installation (Mantua et al. 2019). Further, sleeping near others, particularly 
during the day, may feel intrusive, especially to those new to the military environment (Mantua 
et al. 2019). Air pollution near military bases and lack of adequate climate control in high 
temperatures may also be barriers to adequate sleep for military personnel (Mantua et al. 
2019). In addition to barracks conditions, requirements of operational missions and sustained 
field training may also prohibit Service members from obtaining the recommended 8 hours of 
sleep per 24-hour period (Bernhardt et al. 2019; Bulmer et al. 2022; Henning et al. 2011; 
Lieberman et al. 2005; Ponce et al. 2023). The conduct of such missions in extreme cold 
environments may worsen the adverse influence on sleep quality, increasing risk for sleep 
disorders, sleep latency, daytime impairment, and poor subjective sleep quality, as suggested in 
a study of predominantly male (97.8%) Chinese military personnel (Wang et al. 2020). 



92 

High elevation and sleep problems 

Evidence suggests maintaining proper sleep health is especially important when exposed to 
high-elevation environments. Sleep parameters may become significantly altered and sleep 
disturbances more common at elevations greater than 13,000 ft, and may worsen sleep 
disorders, mood state, and depression (Ainslie et al. 2013; H. Wang et al. 2022). Sleep 
disturbances at high elevation may also include alterations in breathing patterns while sleeping, 
referred to as periodic breathing, that produce apneas and hypopneas and may affect male 
more than female Service members, as suggested in studies of the general population 
(Lombardi et al. 2013). While the hyperventilation response triggered by periodic breathing has 
been suggested to increase the overall oxygen saturation in the blood and aid in altitude 
acclimatization, periodic breathing during sleep in high-altitude environments is more likely to 
be characteristic of poor sleep (Nespoulet et al. 2012). Thus, Service members are advised to 
take measures to avoid sleep deprivation, which may include “sleep banking,” the extension of 
normal nightly sleep duration, in the time leading up to high-altitude ascent (Fabries et al. 
2022). Studies with Marine Corps personnel and the general population suggest Service 
members with pre-existing sleep difficulties such as insomnia may have greater risk for 
developing high-altitude headache (Norris et al. 2012) or AMS (Tang et al. 2014), which may 
also be associated with increased sleepiness, anger, depression, and fatigue (Figueiredo et al. 
2022). Additional research on the use of sleep banking and the impact of sleep disorders such 
as obstructive sleep apnea and insomnia in high-altitude environments is needed to better 
understand the physiological implications of these overlapping stressors on both Service 
member health and performance. 

Heat, exertional heat illness, and mortality 

Research suggests that heat illness, occupational factors, and the built environment may 
influence Service member mortality risk. Heat related morbidity and mortality are becoming 
greater concerns due to climate change, although the incidence of morbidity and mortality from 
EHI is relatively low among Service members (Donham et al. 2020). Nevertheless, EHI incidence 
has been steadily rising over the past several decades alongside increasing temperatures and 
heat indices (Lewandowski et al. 2022; Williams and Oh 2022), with the incidence of EHI ranging 
from 1.4 to 2.6 cases per 1000 Soldiers (DCPH-A 2022; Williams and Oh 2022). Importantly, EHI 
incidence tends to be greater among new enlistees and Service members less than 25 years of 
age (DeGroot et al. 2022; Ogden et al. 2023; Williams and Oh 2022), as well as those in the 
Army or Marine Corps (Williams and Oh 2022). In addition to climate change, prior EHI 
hospitalization has also been shown to influence heat-related mortality, potentially resulting in 
standardized mortality rates as high as 50% in some circumstances (Wallace et al. 2007).  

Occupational specialty-related exposures and mortality risk 

In addition to EHI-related morbidity, cancer incidence and mortality are significant threats to 
Service member and veteran longevity and may be MOS-specific (Sharifian et al. 2023; Webber 
et al. 2022). A retrospective cohort study reported that male U.S. Air Force fighter aviators were 
more likely than their fellow officers to be diagnosed with melanoma and prostate cancers, with 
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greater standardized incidence and mortality ratios as compared with the general U.S. 
population (Webber et al. 2022). However, some studies suggest there may be a ‘healthy 
deployer’ effect, in which Service members with deployment experience appear to experience 
lower rates of certain adverse health outcomes, including cancers, compared with Service 
members who did not deploy; however, this is likely due to better baseline health of Service 
members who were deemed fit to deploy as compared with those unable to deploy (Rivera et 
al. 2018; Sharifian et al. 2023).  

Occupational accidents also account for Service member mortality risk and may be mitigated by 
training and experiential learning, particularly for Service members in highly technical, high-risk 
MOS, such as military helicopter pilots. For example, a study of helicopter pilots in the general 
population suggests that those with fewer than six years of experience have as much as nine-
fold higher risk for fatal crash during nighttime flights compared with those having at least six 
years of experience (Aherne et al. 2018). When generalized to military Service members, these 
findings suggest that prevention of operational accidents and reduction of the likelihood of fatal 
outcomes associated with such accidents may be dependent on ensuring that Service members 
have adequate instruction and experience both in simulations and under the tutelage of more 
experienced personnel, especially for operations in challenging environmental conditions, such 
as nighttime flight (Aherne et al. 2018). 

Medical and Dental Preventive Health and Physical Health 

Medical and dental preventive health includes a variety of concepts targeting physical health, 
including access to medical care and knowledgeable providers, cardiovascular health, 
immunizations, preventive health screens, dental health, hearing and vision protection, and 
tobacco-free living.  
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Medical and Dental Preventive Healthcare in the General Population: 

Alignment with Healthy People 2030 
 

Ensuring medical and dental preventive health is an important aspect of reducing risk for 
both acute and chronic diseases and improving long-term quality of life. The U.S. Office of 
Disease Prevention and Health Promotion’s Healthy People 2030 outlines 34 preventive 
health objectives and more than 20 leading health indicators for the U.S. general population 
guided by evidence-based behavior recommendations that include regular dental and 
medical screenings. Examples of these recommendations are provided in the table that 
follows. Recommendations from the U.S. Preventive Services Task Force (USPSTF), the Centers 
for Disease Control and Prevention (CDC), the American Medical Association (AMA), and the 
American Dental Association (ADA) provide further support for these recommendations and 
more specific guidance on the types of screenings and preventive healthcare services 
demonstrated in the scientific literature to be effective for the prevention of acute and 
chronic diseases. Moreover, health indicators identified in the Healthy People 2030 
publication focus on upstream measures as opposed to disease outcomes; that is, identified 
health indicators are generally behaviors that are modifiable in the short term and address 
high priority public health issues that have major impacts on public health outcomes (Healthy 
People 2030). 
In addition to the medical and dental preventive strategies shown below, other preventive 
strategies include assessment of and counseling for cardiovascular disease prevention, 
(USPSTF et al. 2022; USPSTF et al. 2020) and meeting recommended guidelines for 
vaccination against vaccine-preventable diseases, including influenza and human papilloma 
virus (Arbyn et al. 2018; Drolet et al. 2019). The most current data cited by Healthy People 
2030 suggests that the proportion of adults in the general population who received the 
recommended evidenced-based preventive healthcare in 2020 was relatively low at 5.3%, a 
number that represents a decrease from 2015, when 8.5% of adults aged 35 years or older 
received all recommended clinical preventive services (DHHS 2024). Healthy People 2023 cites 
various barriers to preventive healthcare in the general population, including racial and other 
socioeconomic barriers, lack of access to quality healthcare, and even stigma (Healthy People 
2030). Thus, ensuring the future health of the U.S. general population will mean not only 
promoting healthy behaviors and preventive healthcare practices but also addressing the 
barriers to these practices faced by many Americans. 
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Selected Healthy People 2030 Leading 
Health Indicators and/or Objectives* Supporting Preventive Care Recommendations 

 Use of the oral care system. **  

Regular dental cleanings by a dental clinician are recommended 
(CDC 2024). ‡  

Daily practices for the prevention of caries and gingivitis, including daily 
flossing, twice daily teeth brushing with fluoride toothpaste, and limiting 
sugary snacks and beverages. †  

 Yearly vaccination against influenza.  Obtain 1 dose annually of influenza inactivated, recombinant, or live, 
attenuated vaccine. ‡  

Women who receive breast     
cancer screening. §  

Biennial screening mammography for women aged 50 to 74 years and 
those aged 40 to 49 years who place higher value on the potential 
benefits versus potential harms (Siu 2016). ¥  

 Women who receive cervical cancer 
screening. §  

Screening for cervical cancer every 3 years with cervical cytology in 
women aged 21 to 65 years, or every 5 years with human papilloma virus 
screening for women aged 30 to 65 years (USPSTF 2018). ¥  

 Adults who receive colorectal cancer 
screenings based on guidelines. §  

Screening for colorectal cancer is recommended for adults aged 50 to 75 
years (frequency depends on the test used), and there may be moderate 
benefit for screening of adults aged 45 to 50 years of age (USPSTF 
2021b). ¥  

 Adults whose high blood pressure is 
controlled.  

Regular screening for hypertension in adults 18 years or older (yearly for 
those age 40 and older or at increased risk for hypertension; every 3 to 5 
years for those under age 40) with office blood pressure measurement, 
with blood pressure measurements obtained outside of the clinical 
setting for diagnostic confirmation before starting treatment (USPSTF 
2021b). ¥  

 Adults newly diagnosed with pre-diabetes 
or diabetes. £ 

Screening for diabetes should be part of a cardiovascular risk assessment 
in adults aged 35 to 70 years of age, or those younger than age 35 who 
are overweight or obese (O’Brien et al. 2023).  

 Adults who have been screened for and/or 
know their sexually transmitted disease 
status (HIV, chlamydia, gonorrhea, syphilis). 
€  

Chlamydia and gonorrhea screening are recommended for all sexually 
active women aged 24 years or younger and 25 years or older who are at 
increased risk for infection (USPSTF 2021a). ¥  Screening for HIV is 
recommended in adolescents and adults aged 15 to 65, with screening in 
younger and older adults who are at increased risk for infection (USPSTF 
2019).¥   

 Adults who endorse cigarette smoking.  
Clinicians should ask all adults about tobacco use, advise them to stop 
using tobacco, and provide behavioral interventions and FDA-approved 
pharmacotherapy for cessation to nonpregnant adults who use tobacco 
(USPSTF 2021a). ¥  
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Notes: 

*Healthy People 2023; Not all indicators or objectives are listed here.  

**USPSTF currently states there is insufficient evidence to assess the balance of benefits and harms of screening 
for oral health conditions performed by primary care physicians in asymptomatic adults (Moyer 2014; USPSTF 
2023).  

‡ Centers for Disease Control and Prevention  

† American Dental Association (ADA 2024)  

§ Added based on inclusion in Healthy People 2030  

¥ Evidence-based recommendations from USPSTF; insufficient evidence to recommend specific screening intervals, 
but repeat screening is reasonable for persons at increased risk for infection.  

€ Amended to include syphilis and chlamydia, both noted as important sexually transmitted diseases for screening 
in Healthy People 2023 Objectives.  

£ American Diabetes Association; Persons with pre-diabetes should be tested yearly; persons with diagnosed 
gestational diabetes should have lifelong testing at least every 3 years; persons with normal diabetes test results 
should have repeat testing at a minimum of 3-year intervals (ElSayed et al. 2023) 

  



97 

Medical and dental preventive health and self-reported or perceived health  

Medical and dental health factors such as obesity, poor dental health, MSKi, hearing and vision 
loss prevention, and lack of access to health-promoting personal hygiene may play an important 
role in Service members’ perceptions of their own health and may also predict whether and 
how they seek to improve their health and/or engage with healthcare (Abiero et al. 2022; 
Golenbock et al. 2017; Hatzfeld et al. 2016; Henry et al. 2019; Job et al. 2018; Kostas-Polston et 
al. 2022; Leiendecker et al. 2011; Lewis et al. 2023; MacGregor et al. 2020; McLaughlin et al. 
2017). Meeting standards for medical and dental health may result in improved personal 
perceptions of health for Service members. However, perceptions of superior health when not 
genuinely reflective of a Service member’s true medical or dental health may prevent military 
personnel from obtaining the healthcare they need or engaging in prevention practices (e.g., 
HPD use, compliance with immunization or cancer screening recommendations) intended to 
support their medical and dental health (Abhar et al. 2022; Halista et al. 2020; Moon et al. 
2011; Mrena et al. 2009; Polak et al. 2011; Porter et al. 2008; Theis et al. 2022). Misconceptions 
that some behaviors, such as smokeless tobacco or e-cigarette use, may have few risks may 
result in the uptake of such behaviors, which may then degrade health (Klesges et al. 2010; J. Lin 
et al. 2020; Little et al. 2020). Even when Service members recognize a deficit in their medical or 
dental health, they may fail to recognize the extent of the deficit or the extent to which the 
deficit may be adversely impacting their fitness or associated occupational capacity. For 
example, Service members may recognize they have hearing loss but fail to accurately perceive 
the extent to which the loss has adversely affected functional capacities such as situational 
awareness (Abel, 2008; Kirk et al. 2012). Together, this evidence suggests that, while Service 
members’ medical and dental preventive health likely contribute to personal perceptions of 
their health, the inverse of this relationship may also be true. Specifically, the perceptions 
military personnel hold regarding their own health and health-related risk may influence 
whether and how they endorse behaviors aligned with medical and dental preventive health.  

Medical and dental preventive health and body composition  

Body composition is an important component of Service member health and readiness that may 
be impacted by components of medical and dental preventive health, including lifestyle 
interventions designed to reduce obesity and chronic disease risk, tobacco use and cessation, 
women’s health considerations such as pregnancy and postpartum weight gain, and oral health 
behaviors (Armitage and Smart, 2012; Fahey et al. 2021; Johnson et al. 2023; Kramer et al. 
2023; Peterson and Helton, 2000; Stiegmann et al. 2023; Vander Weg et al. 2005). Health 
policies and programs may have differing impacts on the body composition of Service members. 
For example, increases in sedentary behavior associated with public health-related quarantines 
in response to the COVID-19 pandemic may have resulted in significantly increased prevalence 
of overweight and obesity among active-duty U.S. Service members (Stiegmann et al. 2023). 
Conversely, evidence suggests that lifestyle prevention programs including the Diabetes 
Prevention Program, when modified to address the specific needs of Service members, may be 
effective in helping male and female active-duty Service members, retirees, and their family 
members improve BMI and waist circumference (Kramer et al. 2023). Other healthy behaviors, 
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including those that cluster across domains, may also be associated with healthy body 
composition and/or BMI. For example, results of one study examining the impact of oral health 
behaviors among military veterans suggest individuals who endorsed attending dental 
appointments within the last 12 months were more likely to also endorse eating more fruits and 
vegetables and have a healthy BMI (Albright et al. 2020), suggesting that practicing healthy 
dental behaviors may translate to the practice of other healthy behaviors such as the 
consumption or more nutritious foods, in turn promoting healthier BMI. 

While maintaining healthy weight and body composition is important for both men and women,  
the unique experience of pregnancy may present potential challenges for some Servicewomen. 
Management of weight and/or body composition during and following pregnancy can be 
difficult, and retained pregnancy weight in the postpartum period may be an important factor 
associated with fitness test failure following pregnancy (Armitage and Smart 2012; Miller et al. 
2017; Johnson et al. 2023). Evidence also suggests that pre-pregnancy BMI is a significant 
predictor of postpartum BMI, providing an important leverage point for medical providers and 
other professionals caring for Servicewomen before and early in pregnancy to prevent excess 
postpartum weight retention (Johnson et al. 2023). Furthermore, studies suggest extending 
return-to-duty physical fitness and body composition standards from 6 months to 12 months 
can help ensure post-partum Servicewomen achieve military body composition goals and do so 
in a healthy way (Miller et al. 2017; Iobst et al. 2021; Herrick and Chai 2024). 

Tobacco use and body composition 

Tobacco use may influence body composition and is generally prevalent in military populations, 
with some studies showing use prevalence as high as almost 20% for e-cigarette users and as 
much as 12% for Service members using three or more types of tobacco products (e.g., 
cigarettes, e-cigarettes, and smokeless tobacco products) (Fahey et al. 2021). Moreover, some 
Service members may perceive that tobacco use may aid in weight management, which may 
serve as a driver for both tobacco use initiation as well as a hesitance to stop using tobacco; the 
motivation to use tobacco as a tool for weight management has been reported among young 
men and women in the U.S. Air Force to be associated with more frequent tobacco use and 
beliefs that such products carried low health risks, particularly in the case of e-cigarette use 
(Fahey et al. 2021). However, smokeless tobacco use has not been shown to support successful 
weight management, as suggested by a study of male U.S. Air Force recruits in which occasional, 
current, and experimental smokeless tobacco users were 13% to 50% more likely to be classified 
as overweight as compared to those who had never used smokeless tobacco (Vander Weg, 
2005). Studies suggest that tobacco cessation, particularly smoking cessation, may be 
associated with weight gain, primarily as a result of removing the effects of nicotine on the 
central nervous system, and as former smokers seek a replacement for smoking behavior, which 
is often increased caloric intake (Bush et al. 2016; Peterson and Helton 2000). However, given 
the known harms associated with tobacco use, including significantly increased risk for 
cardiovascular disease, cardiovascular mortality, cancer, cancer mortality, and reduced physical 
fitness, encouraging Service members to stop the use of tobacco products, including e-
cigarettes, is imperative (Akter et al. 2023; Al-Bashaireh et al. 2018; Dai et al. 2022; Bush et al. 
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2016). Given these adverse health outcomes, it may be prudent for military tobacco cessation 
programs to incentivize cessation through, for example, use of one-time waivers for body 
composition standards to offset the potential temporary weight gain that may accompany 
ending tobacco product use (Peterson and Helton 2000).  

Medical preventive health and musculoskeletal injury  

Tobacco use may come with additional risks for Service members. Studies from the general 
population suggest that tobacco use may come with significant risks for MSKi, which is 
particularly concerning for Service members given the arduous physical nature of many MOS 
(Al-Bashaireh et al. 2018). Research conducted with male United States Military Academy 
cadets suggests cigarette smoking may be associated with significantly lower bone mineral 
density, particularly in the hip and spine, which may increase risk for future MSKi (Ruffing et al. 
2006). In fact, tobacco use is a widely accepted risk factor for MSKi and time-loss injuries in 
military Service members (Anderson et al. 2021; Bedno et al. 2017; Bedno et al. 2019; Brooks et 
al. 2019; Bulzacchelli et al. 2014; Clifton et al. 2023; Kardouni et al. 2016; Knapik and Bedno, 
2018; Knapik et al. 2001; Lappe et al. 2001; Mullinax et al. 2023; Reynolds et al. 2000; Yepson et 
al. 2020). This association persists even after adjusting for other potentially confounding 
variables such as age, and tobacco use may compound the influence of other risk factors, such 
as high body weight or mass, on injury risk, which may increase with intensifying tobacco use in 
a dose-dependent manner (Bedno et al. 2017; Bedno et al. 2019; Bulzacchelli et al. 2014; Grier 
et al. 2011; Knapik et al. 2001; Mullinax et al. 2023; Reynolds et al. 2000; Schram et al. 2022; 
Teyhen et al. 2015). In studies conducted among U.S. Soldiers, Sailors, and Marines, and more 
than one systematic review, use of cigarettes and smokeless tobacco products has been 
demonstrated to increase the risk for MSKi, as well as modify the protective effect of high 
physical fitness on MSKi risk such that any benefit that may have been conferred is negated 
through smoking (Bedno et al. 2017; Bedno et al. 2019; Bulzacchelli et al. 2014; Grier et al. 
2011; Knapik et al. 2001; Mullinax et al. 2023; Reynolds et al. 2000; Schram et al. 2022; Teyhen 
et al. 2015; Brooks et al. 2019; Reynolds et al. 2000). Tobacco use may also increase Service 
member risk for hospitalization for both MSKi and non-MSKi causes, and evidence strongly 
suggests that tobacco use may increase Service members’ risk for poorer outcomes after 
sustaining MSKi, including the need for surgical intervention and worse surgical recovery 
outcomes following medical intervention procedures (Anderson et al. 2021; Antosh et al. 2020; 
Chin et al. 2015; Clifton et al. 2023; Kardouni et al. 2016; Robbins et al. 2000; Yepson et al. 
2020). Encouragingly, evidence suggests that risk of MSKi and poor outcomes following MSKi 
decrease following cessation of tobacco use, providing a strong impetus for military leaders to 
support health promotion campaigns and healthcare interventions endorsing tobacco use 
cessation (Knapik and Bedno, 2018).  

Despite considerable evidence to the contrary, at least one original research study and one 
meta-analysis suggest a lack of association between tobacco use and MSKi risk (Dos Santos 
Bunn et al. 2021; Henderson et al. 2000). Although it is unclear why smoking was not found to 
be a risk factor in these two publications, the authors of the one original study suggest their 
findings may be a result of timing in the military lifecycle, as study participants were assessed 
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throughout advanced individual training and immediately following initial military training, both 
times when new Service members are prohibited from smoking. The authors suggest the 
observed lack of association between tobacco use and MSKi may indicate the beneficial effects 
of tobacco use cessation, even over the shorter periods of time, in terms of reduced MSKi risk 
(Henderson et al. 2000). Finally, although no explanation for the findings of the one meta-
analysis among these two publications is noted, it is possible that higher levels of study 
heterogeneity may have contributed to the inability to observe any association between 
smoking and MSKi risk; additionally, the meta-analysis dichotomized study participants as 
smokers or non-smokers, which may have either excluded smokeless or dual-product tobacco 
users, or not accounted for the potential effects of smoking currency, including former smoking 
and time since last tobacco use (Dos Santos Bunn et al. 2021). 

Medical preventive health and the musculoskeletal injury risk of female Service members 

Compared with male Service members, female Service members may have different levels of 
risk and different risk factors for MSKi. Some studies suggest the latter may be at higher risk for 
MSKi, although evidence to this effect is conflicting (Anderson, Grier, Dada, et al. 2017; 
Henderson et al. 2000). While apparent increased risk for MSKi among female Service members 
may actually stem from their being more likely to seek medical care for their injuries than their 
male counterparts, a difference likely to skew epidemiological data, research suggests that 
female Service members may be at increased risk for bone stress injuries, especially during 
initial military training, due in part to biological differences in bone geometry as a result of 
differential effects of androgen and estrogen during development (Dyches et al. 2023). 
However, studies have demonstrated that targeted approaches to MSKi prevention, including 
minor modification of training programs and micronutrient supplementation, can reduce female 
Service members’ MSKi risk (Dyches et al. 2023). Studies assessing female Service member-
specific MSKi risk factors have also shown that use of specific types of birth control, specifically 
depo-medroxyprogesterone acetate, may increase MSKi risk, though the evidence is 
inconsistent (Henderson et al. 2000; Lappe et al. 2001). Additionally, relative energy deficiency 
resulting from inadequate nutrition coupled with high energy expenditure and leading to 
disturbances of the hypothalamic-pituitary-ovarian axis and chronic amenorrhea (known as the 
female athlete triad) may adversely impact bone mineral density and increase risk for MSKi in 
female Service members (O’Leary, Wardle, and Greeves 2020). However, the effects of relative 
energy deficiency on endocrine function and skeletal health have also been described in men; 
there is less literature on this topic as it pertains to male Service members (O’Leary, Wardle, and 
Greeves 2020). Importantly, multiple studies suggest that provision of supplemental energy in 
addition to habitual dietary intake during times of high energy expenditure can support healthy 
endocrine function (O’Leary, Wardle, and Greeves 2020). While some studies suggest that body 
composition metrics such as greater BMI or body mass may increase female Service members’ 
risk for MSKi, fitness metrics such as CRF may play a more important role in determining MSKi 
risk for these individuals (Anderson et al. 2017; Lappe et al. 2001; Schram et al. 2022). Together, 
these conflicting findings suggest there remains a need for further clarification regarding MSKi 
risk as it pertains to female Service members; nevertheless, these individuals may have risks, 
often modifiable in nature, that differ from those of their male counterparts. Importantly, 
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evidence suggests that access to timely healthcare for treatment of MSKi is a crucial component 
of Service member readiness (Abiero et al. 2022).  

Medical and dental preventive health and non-musculoskeletal injuries and illnesses 

In addition to injuries of the musculoskeletal system, Service members may experience other 
types of injuries due to training, deployment, combat, or the rigors of daily life in the military. 
Prevention of these injuries is equally important as MSKi prevention, as non-MSKi may also 
result in lost duty time and reduced Service member readiness. Numerous aspects of medical 
and dental preventive health directly address this need and include factors such as ensuring 
Service members have access to timely and regular dental exams (Combes et al. 2010; 
Federman et al. 2022; Gonzalez Santiago Mdel et al. 2004; Norris et al. 2021; Sauvet et al. 2009; 
York et al. 2008; Zadik et al. 2010); have access to and use dental protective devices (Zadik et al. 
2010); have access to and properly use hearing and vision protection devices (Bailoor et al. 
2015; Breeze et al. 2011; Dougherty et al. 2013; Dougherty et al. 2018; Federman and Duhon, 
2016; Federman et al. 2022; Grant et al. 2021; Guven and Durukan, 2020; Hsieh et al. 2003; Kim 
et al. 2021; Lee et al. 2023; Moon et al. 2011; Thomas et al. 2009); are apprised of chronic and 
unique sex-specific disease risks (Davis et al. 2014; Hunter et al. 2013; Miranda Gonzalez et al. 
2023; Nelson et al. 2016; Trego et al. 2018; Wand et al. 2011); and understand the various risks 
associated with tobacco use (Morger et al. 2010; Robbins et al. 2000; Zajc et al. 2011). 

Dental preventive care, oral hygiene, and dental emergencies 

Proper oral health care is vital to Service member readiness, and lack of good oral hygiene 
and/or regular dental exams may result in oral injury or dental emergencies. Given the 
importance of oral health, many militaries employ dental readiness classification systems 
designed to systematically identify Service members in need of dental treatment and at risk for 
dental emergencies and ensure that they remain up to date on oral health examinations 
(Simecek et al. 2008). This systematic approach is a vital aspect of ensuring readiness, as studies 
suggest that significant oral pathologies, including missing teeth, dental caries, and 
periodontitis, may inhibit the ability of Service members to perform, especially in environments 
that may preclude rapid access to treatment once the pain and discomfort generally associated 
with these pathologies occurs, and may furthermore have significant operational impacts 
(Colthirst et al. 2012; Combes et al. 2010; Gonzalez Santiago Mdel et al. 2004; Sauvet et al. 
2009). Poor dental behaviors, including tobacco use, may be common in both new recruits and 
more seasoned Service members, and inconsistent or lack of regular twice-daily toothbrushing, 
regular consumption of sugary beverages and foods, failing to attend dental appointments, and 
existing pathologies, including retained third molars, may be risk factors for urgent or extensive 
dental care needs; thus, intentional focus on quickly and systematically treating military 
personnel to return them to a state of dental readiness may be an effective means by which to 
prevent future dental emergencies (Chaffin et al. 2003; Combes et al. 2010; Norris et al. 2021; 
Simecek et al. 2008; York et al. 2008; Zajc et al. 2011). Poor oral health may also affect Service 
members of different Service branches and MOS differently. For instance, exposure to 
atmospheric pressure changes, as encountered by military pilots and divers during flight and 
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scuba diving, respectively, may result in significant barodontalgia, or tooth pain associated with 
changes in barometric pressure. For military flight or diving personnel with oral pathologies, this 
condition could substantially impact their ability to perform operational-specific duties 
(Gonzalez Santiago Mdel et al. 2004; Nakdimon and Zadik 2019). Additionally, dental 
emergencies occurring when Service members are deployed to austere environments or 
environments otherwise inaccessible by dental officers may require the afflicted Service 
member to be medically evacuated, which may adversely impact mission needs and place the 
Service members facilitating transport in danger (Deutsch 2008; Gunepin et al. 2011; Simecek et 
al. 2014). Although early attempts to quickly identify military personnel with greater risk for 
poor dental health or dental emergencies via simple questionnaires have been unsuccessful, the 
preventable nature of many dental emergencies lends itself to the effectiveness of programs 
designed to educate military recruits and Service members on the benefits of good oral health 
in a prevention-focused manner, which may decrease dental emergencies (Armstrong and 
Dermont, 2021; Callison, 2005; Morger et al. 2010; Norris et al. 2021).  
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Oral Health Research in the General Population 

 
Oral health is a vital component of overall health, and can influence, and be influenced by, 
systemic conditions, emphasizing the importance of preventive dental appointments and 
maintaining a healthy lifestyle. Existing and emerging evidence from general population 
studies demonstrates oral health’s association with cognitive function, mental health and 
depression, atherogenic cardiovascular disease, type 2 diabetes, inflammatory bowel 
conditions, respiratory tract infections, rheumatoid arthritis, preterm birth, low birth weight, 
and various systemic conditions (Daalderop et al. 2018; Kalaigian and Chaffee 2023; Lohiya 
et al. 2023). Some of these associations, such as that between diabetes and oral health, may 
even be bi-directional in nature (Borgnakke 2019). Moreover, longitudinal studies conducted 
with large general population cohorts such as NHANES suggest oral health conditions such 
as periodontitis may increase all-cause mortality risk for persons with diabetes and/or 
chronic kidney disease (Sharma et al. 2016).  
In addition to daily oral hygienic practices such as twice-daily brushing and flossing, 
evidence supports the importance of preventive practices, including regular dental check-
ups and visits with a primary care physician, and use of mouthguards while participating in 
strenuous activities (e.g., contact sports) that increase risk for damage to the teeth and 
other oral structures for preserving oral health (Groome et al. 2011; Tanaka, Tsugawa, and 
Maeda 2016; Peterson et al. 2019; Mat Zainal et al. 2024). Regular dental and primary care 
visits provide opportunities to screen for oral cancer and may improve likelihood of early 
detection, leading to better outcomes (Groome et al. 2011; Peterson et al. 2019). Although 
athletes may be hesitant to use mouthguards, citing adverse impacts on oral functions and 
potential for painful oral ulceration resulting from poor fit, provision of custom-fitted 
mouthguards may improve uptake and consistent use by decreasing discomfort and 
communication deficits over time (Mat Zainal et al. 2024). 
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Medical preventive health and hearing-related injury prevention 

Prevention of hearing loss injuries or other trauma to the external, middle, or inner ear is 
another means by which medical and dental preventive health factors may contribute to Service 
member readiness. Hearing capacity within normal thresholds is vital for situational awareness, 
and noise exposure or trauma impacting functional and effective hearing or resulting in the 
development of chronic and often debilitating tinnitus may significantly impact Service 
members’ ability to perform optimally (Henry et al. 2019). Additionally, significant hearing 
threshold shifts and/or tinnitus resulting from blast exposures can adversely influence Service 
member sleep, which may have compounding consequences on not only the ability of military 
personnel to perform occupational duties, but also on psychological outcomes (Henry et al. 
2019; Job et al. 2018; MacGregor et al. 2021). Given the various potential noise and trauma 
exposures that may be common for Service members, efforts targeting hearing preservation, 
including education about and access to quality, effective HPDs, have been an important focus 
of military hearing loss and tinnitus prevention efforts, although the reported effectiveness of 
such programs and activities has been mixed (Batchelor et al. 2020; Cleveland, 2009; Dougherty 
et al. 2013; Federman and Duhon, 2016; Jones and Pearson, 2016; Moon et al. 2011; Mrena et 
al. 2009; Muhr et al. 2016). Nevertheless, ongoing efforts to educate Service members and 
promote the importance of consistent and proper HPD use remain important, given studies 
suggesting that blast-exposed Service members wearing HPD at the time of exposure may have 
substantially lower risks for tympanic membrane rupture, other types of middle or inner 
trauma, concussion, or potentially long-term consequences such as development of chronic 
tinnitus (Dougherty et al. 2013; Dougherty et al. 2018). Consistent use of properly fitting HPDs 
may be of particular importance for Service members with pre-existing hearing loss or identified 
significant threshold shifts in hearing capacity, as these individuals may be at greater risk for 
significant hearing loss following high-risk noise exposure or injury (Gubata et al. 2013; Joseph 
et al. 2023).  

Medical preventive health and vision-related injury prevention 

Like hearing, vision is a vital component of Service member situational awareness and 
readiness. While ensuring that Service members are regularly screened for new or ongoing 
vision problems in order to provide necessary interventions and mitigate the effects of such 
problems, providing military personnel with access to properly fitting and effective eye 
protection may mean the difference between mild versus catastrophic injury or even loss of one 
or both eyes following combat or other physically traumatic events such as firearm cartridge 
ejection accidents during training (Bailoor et al. 2015; Breeze et al. 2012; Guven and Durukan, 
2020; Hsieh et al. 2003; Thomas et al. 2009). Results from a systematic review suggest that 
ocular trauma was the fourth most common injury sustained by wounded U.S. Service 
members, supporting the importance of eye protection use, especially in combat situations (Lee 
et al. 2023). Another study of combat-exposed Service members found that those recorded as 
not wearing eye protection at the time of injury were significantly more likely to have sustained 
an ocular injury as compared with Service members who were wearing eye protection (Thomas 
et al. 2009). For Service members who did sustain an eye injury while wearing protective eye 
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wear, the injury was more likely to be categorized as least severe, suggesting that severe trauma 
was mitigated by the use of protective eyewear (Thomas et al. 2009). These findings are 
supported by a retrospective cohort study in which British military personnel not wearing 
ballistic eye protection were 9.9 times more likely to sustain an eye injury from explosive 
fragmentation as compared with those who wore it (Breeze et al. 2012). Analyses from this 
study suggest the use of proper protective eyewear is important, as there was no significant 
reduction in the incidence of eye injuries for Service members wearing non-ballistic eyewear 
versus those not wearing eyewear at the time of injury (Breeze et al. 2012). Nevertheless, 
studies demonstrate the challenges associated with encouraging Service members to 
consistently use protective eyewear, with non-use rate estimates ranging from 18.0% to 90.3%, 
suggesting that continued efforts are still needed to educate Service members about the risks 
associated with non-use or use of non-protective eyewear (Hsieh et al. 2003; Thomas et al. 
2009; Weinstein et al. 2019). Evidence suggests Service member acceptance of protective 
eyewear may be increasing, possibly owing to the development of eyewear designed to improve 
protection while also addressing concerns with utility and the effects of eye protection on visual 
fields, fogging, and discomfort (Breeze et al. 2015; Breeze et al. 2011; Weinstein et al. 2019).  

Medical preventive screening and non-musculoskeletal injury prevention 

Preventive medical screening may also support Service member physical health by identifying a 
range of developing disease processes or elevated risk for such disease processes. These include 
screening for cardiovascular structural and functional abnormalities such as atrial fibrillation 
and mitral valve prolapse, which may have different implications for Service members 
depending on Service and MOS, identification of sickle cell trait in African American Service 
members, as well as screening for various forms of cancer, including skin, breast, and prostate 
cancers (Boos et al. 2012; Cronrath et al. 2017; Davis et al. 2014; Hoffman et al. 2022; Hunter et 
al. 2013; Lovejoy et al. 2024; Lovejoy et al. 2021; Miranda Gonzalez et al. 2023; Nelson et al. 
2016). Atrial fibrillation, which may increase risk for stroke and other cardiovascular 
complications, may be relatively common in military Service members who may have 
predisposing behavioral factors, including high caffeine intake and excessive alcohol use, or may 
be at increased risk due to MOS (e.g., physiological stresses of high gravity acceleration forces 
experienced by Air Force fighter pilots). While this cardiac rhythm abnormality may occur 
infrequently or even just once, identification of individuals who may be at higher risk for chronic 
atrial fibrillation is important given the potential long-term sequelae and possible career-related 
limitations that common therapies such as ablation or medications such as warfarin, a blood 
thinner, may have (Hunter et al. 2013). Similarly, a study of male Israeli Air Force personnel 
suggests high-performance aviators may be at higher risk for complications associated with 
mitral valve prolapse, a relatively common, asymptomatic finding in the general population 
(Wand et al. 2011). Moreover, progression of valvular regurgitation originating at the mitral or 
other cardiac valves in these Service members may be significant in nature and warrant 
consistent clinical follow-up (Davis et al. 2014). Thus, cardiovascular screening, which may 
include regular echocardiogram depending on Service member MOS, may be important for 
ensuring Service member medical health, especially given evidence suggesting that, although 
relatively uncommon, significant cardiovascular disease development or progression may 
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necessitate medical evacuation for deployed Service members (Boos et al. 2012; Clark et al. 
2019). Other types of screening to identify persons who may carry the sickle cell trait, may also 
help to reduce injury risk by ensuring affected Service members take the proper precautions 
during training to prevent the development of exertional rhabdomyolysis, as evidence suggests 
that these personnel may be at increased risk (Nelson et al. 2016). 

Medical preventive screening and early cancer detection 

Ensuring all Service members attend yearly screening appointments as considered appropriate 
by governing medical guidelines is important for identifying developing neoplasms and 
preventing growth and possible metastasis of cancers through early intervention (Dennis et al. 
2009; Lovejoy et al. 2021). To support compliance with regular cancer screening, evidence 
suggests the importance of Service members having sufficient knowledge and understanding of 
their risks and the screening methods used to identify potential cancers. Further, ensuring 
healthcare providers deliver timely, correct, and adequate information to military personnel 
about cancer screening recommendations may encourage patients to comply, as suggested in a 
study of male U.S. Service members examining factors that increased the likelihood of 
participation in prostate cancer screening (Joseph, 2006). Identification of individuals who may 
be at increased risk for development of cancers, such as Servicewomen with higher genetic-
based risk for breast cancer, through pre-screening practices such as detailed family history-
taking for those under age 40 may help to ensure they are able to continue in their military 
careers, thus contributing to Force readiness (Lovejoy et al. 2021). Similarly, screening for 
specific human papilloma virus (HPV) serotypes associated with increased risk for cancer such 
as HPV-2 may help to identify male military personnel at increased risk for prostate cancer 
before they reach the recommended prostate cancer screening age (Dennis et al. 2009). While 
the military health system may effectively eliminate socioeconomic barriers to medical access 
common in the general population, addressing possible stigmas and other barriers associated 
with receiving medical care or screening, such as those associated with prostate cancer 
screenings, is vital for maintaining Service member readiness (Joseph, 2006).  

Medical preventive health, immunization, and communicable disease prevention  

Communicable diseases are illnesses spread from one person to another or that can be passed 
from animals or surfaces to humans. Given the close quarters in which many Service members 
live and work, especially those in junior enlisted ranks who often live together in barracks, 
prevention of communicable diseases within military populations is a significant factor 
influencing Force readiness (Peterson et al. 2018; Zivich et al. 2018). As part of communicable 
disease prevention, DoDI 6205.02, DoD Immunization Program, mandates that military 
personnel receive a variety of immunizations, with the specific vaccines and frequency 
determined by medical guidelines specific to their current position in the military lifecycle or 
duty/deployment location (DoD 2023). However, Force protection is not the only factor when 
considering vaccine preventable diseases. Historically, military populations, which are highly 
mobile and often deployed to foreign and/or remote locations, have been notable transmitters 
of a variety of viral and bacterial pathogens, often with severe consequences for previously 



107 

unexposed resident civilian populations (Chaufan et al. 2021; Zemke et al. 2019). Military 
vaccination programs designed to limit the number of potential pathogen carriers are a crucial 
component of protecting the military population and resident civilian populations in areas to 
which Service members may be deployed (Zemke et al. 2019). Vaccines are generally effective 
for the prevention of serious illness and are safe, even when multiple vaccines are administered 
within the same medical or immunization appointment or in a deployment setting (Payne et al. 
2007; Sever et al. 2004; Gibson 2004). 

In addition to duty location, determination of vaccine requirements or recommendations may 
include predisposing characteristics or conditions. Some military populations, such as younger 
Service members who are sexually active and possibly more likely to engage in risky behaviors  
(e.g., unprotected sex) may benefit from vaccination against HPV, given how easily it is spread 
and the known association between infection with some HPV serotypes and increased cancer 
risk, including prostate and cervical cancers (Agan et al. 2013; Korzeniewski et al. 2020). 
However, the risk factor-dependent approach to identification of Service member sub-groups 
who may benefit from vaccination may not translate to all vaccine types; evidence suggests that 
some vaccines, such as influenza vaccines, may be equally beneficial and effective regardless of 
risk factors or health-related behaviors, suggesting blanket requirements for immunization may 
be warranted (Lee et al. 2019; Woolpert et al. 2014). 

The importance of immunization cannot be understated, and while vaccine effectiveness may 
vary depending on the vaccine target and type (e.g., modified-live, killed, subunit, molecular, 
etc.), there is evidence from military population studies supporting the ability of vaccines to 
decrease risk of serious illness from infectious diseases (Broderick et al. 2015; Gilbert-Ouimet et 
al. 2011; Moon et al. 2017; Ryan et al. 2003; Wang et al. 2009; Woolpert et al. 2014). Seasonal 
influenza vaccines, required yearly for all U.S. Service members, have been shown in a 
longitudinal tri-Service study of more than 1,000,000 Service members to be effective at 
reducing incidence rates for not only influenza-associated pneumonia hospitalization, but also 
overall healthcare encounters for influenza (Wang et al. 2009). Evidence supports the safety of 
providing pandemic influenza virus-specific vaccines concurrent to or following immunization 
against seasonal influenza when warranted, as pandemic-specific vaccine significantly reduced 
the risk for influenza-like illness without decreasing efficacy of the seasonal influenza vaccine 
(Lee et al. 2019). Immunization against other respiratory viruses, such as adenovirus, may also 
be effective for the prevention of febrile illness in military Service members. Immunization 
against various adenovirus serotypes, which may be of particular concern among military 
recruits undergoing arduous physical training, has been shown to be highly effective for 
reducing the incidence of respiratory illness in this population (Radin et al. 2014; Shephard et al. 
2001). Additionally, studies of incoming recruits and the effect of immunization programs 
designed to decrease the incidence of morbidity from infectious agents including varicella zoster 
(i.e., chickenpox), meningococcal disease, and Hepatitis B suggest that such programs are 
effective (Oelschlager, 2022; Broderick, 2015; Ryan, 2003). Of particular concern are the highly 
transmissible measles, mumps, and rubella (MMR) viruses, commonly considered diseases of 
childhood for which children are vaccinated prior to attending school. However, in a study of 
more than 32,000 U.S. Air Force recruits, antibody seropositivity for these viruses, a measure of 
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circulating antibodies against the individual MMR viruses, ranged from 80% to 82%, significantly 
lower than the levels required for herd immunity (Lewis et al. 2015). While all U.S. Service 
members are required to have received the MMR vaccine either in childhood or upon entry into 
the military, mandatory screening for MMR antibody seropositivity may help to identify those 
with waning protection and in need of re-vaccination to help ensure continued immunity. This 
approach has been demonstrated to be effective in the prevention and control of both mumps 
and tetanus in studies of Chinese and South Korean military personnel (Moon et al. 2017; Tong 
et al. 2021). Gastrointestinal viruses such as the highly transmissible norovirus may also cause 
significant morbidity in military personnel living in close quarters. A computer simulation 
modeling study of norovirus transmission suggests that vaccination of recruits and barracks staff 
immediately upon initial arrival to military service could prevent as much as 15% of norovirus 
cases over a 10-year period (Burgess et al. 2021). 

Barriers to Service member immunization and communicable disease prevention 

Despite the documented benefits of vaccination for the prevention of severe illness, there 
remain barriers to ensuring all Service members are fully immunized. Among Service members, 
lack of knowledge about vaccine preventable diseases and perceptions of vaccine safety and 
personal risk for contracting such diseases are repeatedly identified in studies as common 
barriers to Service member immunization, especially for recommended, but not required, 
vaccinesy (Halista et al. 2020; Polak et al. 2011; Porter et al. 2013). In a cross-sectional study of 
almost 2,000 male and female U.S. Service members across three branches, almost 20% of 
respondents reported they would decline all pre-deployment vaccines if they could, while 2% 
reported avoiding all pre-deployment vaccines, with respondents citing perceptions of lack of 
vaccine safety, vaccine ineffectiveness, or low disease risk as reasons for such avoidance (Polak 
et al. 2011). Evidence from a study of more than 6,000 male and female U.S. Military personnel 
across the DoD (predominantly Army, 84.0%) further suggests Service members’ perceptions of 
vaccine safety and efficacy may be stronger predictors of willingness to be vaccinated than 
perceived disease risk (Porter et al. 2013). These concerns were echoed by respondents in a 
study of U.S. Air Force personnel only, in which 43% and 82% of individuals who were hesitant 
to receive a COVID-19 vaccine reported concerns with short- or long-term side effects of the 
vaccine, respectively (Theis et al. 2022). Those who were vaccine- hesitant were significantly 
younger than those who did not report hesitance to receive the COVID-19 vaccine, and it is 
possible that lower perceived risk of mortality or severe disease contributed to vaccine 
hesitance in these participants (Theis et al. 2022). Misconceptions about actual versus 
perceived morbidity or mortality risk associated with contracting a vaccine-preventable illness 
may also influence vaccine hesitance (Porter et al. 2008). Even in instances where Service 
members recognize the importance of immunization, there may still be some degree of 
cognitive dissonance around the personal need for vaccination, and the compulsory nature of 
routine and pre-deployment immunization for Service members may result in psychological 
friction concerning the receipt of medical procedures that an individual may feel unnecessary or 
even concerning (Riddle et al. 2008). However, evidence also suggests that programs designed 
to educate Service members about the effectiveness of vaccines and realities of their risks of 
infection and serious morbidity or mortality may increase knowledge, which may be useful for 
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improving Service member uptake of vaccination and willingness to comply with advice from 
the medical community (Batie et al. 2023; Porter et al. 2020; Ward et al. 2023). Healthcare 
providers and military leaders may play an important role in ensuring Service members are able 
to make informed decisions, as evidence from studies conducted with Navy and Air Force 
personnel suggests that receiving vaccine information from a healthcare provider versus the 
internet or social media, and receiving support for a vaccine from company commanders, may 
be independent predictors of vaccine uptake (Buechel and Connelly 2018; Halista et al. 2020). 

Medical preventive health and sexually transmitted disease prevention 

Given the young age and greater propensity for risk-taking often observed with military Service 
members, an important consideration for communicable diseases within military populations is 
the spread of sexually transmitted infections (STIs) (Boyer et al. 2008; Korzeniewski et al. 2020). 
Moreover, asymptomatic infections such as chlamydia and gonorrhea may be of particular 
concern in these populations, given lack of awareness and the ease with which they are spread, 
and screening may be the best way to control these STIs (Korzeniewski et al. 2020). 
Interventions and health promotion programs designed to promote sexual and reproductive 
health through the dissemination of high-quality and relevant information may ultimately serve 
to increase mission readiness (Boyer et al. 2022; Rodriguez and Mitchell, 2023; Vargas et al. 
2020). However, there is a relative lack of research in this area, as noted by a 2020 systematic 
review that identified only 15 studies examining the effectiveness of preventive sexual health 
and behavior interventions among U.S. Service members (Vargas et al. 2020). Given the 
prevalence of STIs within the U.S. Service member population and the adverse effects of these 
diseases on Force readiness, additional research into effective prevention strategies designed to 
reach those at highest risk are warranted.  

Finally, a discussion of communicable disease risk and protective factors would be incomplete 
without the inclusion of tobacco use and how it may influence risk for community-acquired 
infections, particularly respiratory infections, as suggested in general population literature 
(Baskaran et al. 2019). For example, a study of Turkish military personnel suggests the level of 
tobacco dependence may predict the likelihood of developing community acquired pneumonia 
(Tas et al. 2008), and a large study of more than 800,000 male and female U.S. Service members 
reported that dual tobacco use (i.e., use of both cigarettes and vaping products) may further 
increase this risk (Sanou et al. 2020). Paradoxically, tobacco smoking was reported in a study of 
French Navy personnel to be a protective factor for COVID-19 infection, even in fully adjusted 
multivariable logistic regression models; however, this study was cross-sectional in nature, 
precluding causality, and it is likely that other lifestyle factors unaccounted for in the study may 
have contributed to the nature of this association (Paleiron et al. 2021). Nevertheless, these 
studies suggest there is a need for additional research on the topic of tobacco use and infection 
risk in military populations given the high prevalence of tobacco use by Service members, 
particularly those who live in close or confined quarters such as military barracks or transport 
vessels such as ships and submarines.  
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Medical and dental preventive health and deployability  

Deployability may be influenced by numerous aspects of medical and dental preventive health, 
including accessibility of health care, completion of immunization and dental appointments, and 
other specific needs (Abiero et al. 2022; Polak et al. 2011; Witkop et al. 2023). Furthermore, 
effective identification of personnel who may have medical or dental conditions that could 
worsen during deployment is important for meeting mission demands, as evidence from studies 
with both foreign and U.S. Military personnel suggests that military personnel granted medical 
waivers are significantly more likely to be medically evacuated as compared with those who are 
not, potentially resulting in adverse impacts to operational capabilities (Cronrath et al. 2017; 
Sauvet et al. 2009). Clinical diagnoses most frequently identified as adversely influencing 
deployable status and addressed by medical and dental preventive health include MSKi, 
hypertension, and hearing loss, with lower risk for non-deployability associated with conditions 
such as atrial fibrillation (Cleveland, 2009; Clifton et al. 2023; Hunter et al. 2013; Keithler et al. 
2023; Keithler et al. 2022; Nelson et al. 2020; Papworth et al. 2020; Wang et al. 2012). 
Importantly, many of these conditions may also be preventable through the lifestyle and 
behavioral tenets supported across the domains of health and fitness, including physical 
training, healthy dietary approaches, tobacco abstinence, and proper use of protective 
equipment (Bornstein et al. 2019; Buckingham et al. 2003; Haddock et al. 2007; Hsieh et al. 
2003; McGinnis et al. 2018; Zajc et al. 2011).  

Medical preventive health, Servicewomen, and deployability 

Like many other areas of Service member readiness, military Servicewomen may have unique 
needs in terms of ensuring deployability through medical and dental preventive health. These 
include hygiene and urinary tract infection prevention and access to contraception and 
healthcare providers well-versed in the various forms of contraception and how to prescribe or 
administer them (Carty et al. 2019; de Kanter et al. 2019; Deans et al. 2019; Heitmann et al. 
2017; Kostas-Polston et al. 2022; Seymour et al. 2021; Trego et al. 2018; Witkop et al. 2023). 
However, evidence suggests that some Servicewomen may face barriers to accessing this type 
of healthcare in the military setting, including contraception, as a result of lacking physician 
knowledge, contraceptive access or availability, or even cognitive dissonance about the realities 
of deployment life for Servicewomen, the consequences of which can range from the 
inconvenience of menstruation in the field to occupational, social, and financial detriments 
resulting from unintended pregnancy or abortion (Holt et al. 2011; Phillips and Lynn, 2022; 
Ricker et al. 2021; Seymour et al. 2019; Wilson et al. 2021).  

Medical preventive health and physical resilience  

Physical resilience is the ability to withstand or recover quickly and efficiently from acute or 
chronic physical challenges or stressors (Whitson et al. 2018). The ability to identify factors that 
support and detract from resilience is essential to Service member health and readiness given 
the types and magnitude of physical demands during both training and the performance of 
occupational tasks. While physical resilience may be challenging to quantify, surrogate measures 
such as HRV may inform factors that either improve or degrade Service member resilience 
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(Tomes et al 2020). Among protective factors for physical resilience, access to timely medical 
care may promote readiness by ensuring Service members receive necessary treatments and 
recovery from injuries, allowing them to transition to medical readiness more quickly (Abiero et 
al. 2022). Similarly, use of protective devices such as ballistic eyewear may also support physical 
resilience by either preventing eye injuries or ensuring that, when eye injuries occur, they are 
less severe in nature (Breeze et al. 2011; Hsieh et al. 2003). Current efforts to further improve 
the effectiveness of protective wear for Service members will likely serve to further improve the 
physical resilience of military personnel exposed to potentially harmful blasts and projectile 
objects during training and while in combat (Breeze et al. 2015; Breeze et al. 2012). Likewise, 
improved understanding of factors that may degrade Service member physical resilience, such 
as excess weight gain during pregnancy or the various stressors associated with pregnancy and 
the postpartum period, and approaches to mitigating these factors, including lengthening of the 
time that military Servicewomen have between childbirth and their first required fitness test, 
may further support physical resilience (Armitage et al. 2014; Armitage and Smart, 2012; Miller 
et al. 2017). Identification of individuals with elevated risk for certain cancers may lead to the 
promotion of preventive treatments to prevent the development of malignant and/or difficult-
to-treat cancers, decreasing risk of significant disease and supporting physical resilience 
(Lovejoy et al. 2021). Finally, evidence suggests tobacco use may degrade resilience by 
increasing risk for poor recovery following injury and related medical and surgical interventions, 
an important tenet of physical resilience and one of great importance to Service members’ 
occupational trajectory, including disability, following such injuries (Nelson et al. 2020). 
Numerous studies assessing factors related to successful surgical repair of joint or muscle 
injuries suggest tobacco use is a predictor of failed recovery after surgery, reinjury, and/or 
return to duty, although some evidence suggests that other factors such as surgical technique, 
preoperative BMI, or even pre-operative pain ratings may play more substantial roles in 
predicting such outcomes (Antosh et al. 2020; Antosh et al. 2018; Thomas et al. 2019; 
Waterman et al. 2017; Waterman et al. 2016; Zarkadis et al. 2018). Nevertheless, when taken 
together, evidence supports tobacco use as an important target for health promotion programs 
aiming to improve Service members’ physical resilience.  

Medical and dental preventive health and mortality  

Among the various outcomes supported by the medical and dental preventive health and 
fitness domain, helping Service members live long, productive lives is perhaps the outcome that 
most transcends their military service. Although research on mortality risk is relatively limited 
with respect to military populations, studies conducted with military Service members can 
provide insight into Service-specific factors that may contribute to mortality risk or longevity. 
While it is likely that most components of medical and dental preventive health contribute to 
Service member longevity, there is evidence in the current literature supporting associations of 
immunization and communicable disease prevention, health screening, tobacco use, and use of 
PPE such as ballistic eyewear with reduced mortality risk (Agan et al. 2013; Breeze et al. 2012; 
Breeze et al. 2011; Knapik and Bedno, 2018; Lovejoy et al. 2024; Lovejoy et al. 2021; Tong et al. 
2021; Webber et al. 2022; Zivich et al. 2018). For example, immunization against some 
oncogenic viruses such as HPV may help to decrease mortality risk by preventing the primary 
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infection events required for future development of some cancers (Agan et al. 2013). While viral 
infections such as HPV may have long latency periods between the time of initial infection and 
oncogenesis, other pathogens, such as Clostridium tetani, the causative agent of tetanus, and 
Streptococcus pneumoniae may have more immediate and direct mortality risks. This suggests 
ensuring timely immunization and adequate antibody levels against such organisms may have 
more direct, beneficial protective effects in terms of mortality risk (Tong et al. 2021; Zivich et al. 
2018). Likewise, screening for cancers such as colorectal, breast, and prostate cancers may 
lower mortality risk, as provision of regular screening can help to identify cancers earlier in their 
development and improve and improve survival (Lovejoy et al. 2024; Lovejoy et al. 2021; 
Webber et al. 2022). Notably, while studies may suggest higher incidence of cancers in some 
miliary populations, including younger Service members, this may be related more to the 
provision of healthcare in the military and adherence to earlier and more regular preventive 
screenings, allowing for earlier cancer detection rather than a true increased incidence as 
compared with the general population (Lovejoy et al. 2024). Finally, the use of proper PPE may 
also decrease Service member mortality risk; for example, use of ballistic eyewear during 
combat may prevent death associated with eye or facial injuries, such as the entry of explosive 
projectiles through the orbital socket (Breeze et al. 2012; Breeze et al. 2011). 

Nutritional Health and Physical Health  

Nutritional health is an important factor in physical health, particularly in body composition, 
injury, chronic health conditions, and sleep. 

Nutritional health and body composition 

Research with both the general population and military Service members suggests significant 
associations among nutrition-related behaviors, body composition, obesity status, and 
ultimately overall physical health (Barrington and Beresford, 2019; Berryman et al. 2017; Jayne 
et al. 2020; Jayne et al. 2021; Pasiakos et al. 2015). There is evidence that meeting or exceeding 
protein requirements as outlined in the Military Dietary Reference Intake is associated with 
lower BMI, waist circumference, and cardiometabolic disease risk, and higher high-density 
lipoprotein cholesterol compared to diets lower in protein (Pasiakos et al. 2015; HQ DANAF 
2017), and a study of Army recruits in training supports the use of whey protein 
supplementation as opposed to carbohydrate supplementation for fat mass reduction (McAdam 
et al. 2018). However, military studies suggest that supplementing energy-adequate, higher-
protein diets with additional protein results in no improvement in fat-free mass restoration 
following acute negative energy balance, suggesting protein supplementation may not be 
necessary for fat-free mass recovery, especially when Service Members already exceed 
minimum protein recommendations (Berryman et al. 2017). 

Attention to frequency, timing, and composition of snacking can be a simple yet significant 
approach for population-level obesity prevention (Barrington and Beresford, 2019). Studies with 
Service members also suggest there may be a possible mediating effect of emotional eating 
behaviors on the direct association between perceived stress, BMI, and military body 
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composition standards failure (Jayne et al. 2020). Modifiable behaviors such as eating rate, 
location, and attention to internal satiety cues have possible implications for Service member 
body composition and physical performance and may be educational leverage points for 
improving Service member physical health (Jayne et al. 2021). Eating behaviors such as eating 
speed, attunement to satiety signals, and cognitive restraint may worsen for some individuals 
after entering military service, especially given the culture of “hurry up and eat” often enforced 
early in military training (Fagnant et al. 2019; Koltun et al. 2023; Troncoso et al. 2023). 
Consumption of fast or convenience foods may also be relatively common for Service members 
and contribute to less healthy body composition (Troncoso et al. 2023), as suggested by a study 
of U.S. Soldiers in which participants who endorsed regularly consuming these foods were 75% 
more likely to fail Army body composition standards (Jayne et al. 2021). Importantly, Service 
members may attempt to compensate for poor eating behaviors or dietary choices prior to 
fitness testing or weight screening through unhealthy weight management behaviors such as 
restrictive dieting or use of fat burners, which have been linked to weight cycling, which may in 
turn increase risk for obesity (Allen et al. 2022). In severe cases, the desire to meet body 
composition standards or fitness requirements may lead to extreme eating behaviors such as 
eating disorders or disordered eating habits for both male and female Service members; though 
often underreported, these behaviors can be grounds for military discharge (Gavaria and 
Ammerman 2023).  

Nutritional health and musculoskeletal injury  

Understanding potential relationships between nutritional health and MSKi risk is important for 
ensuring Service member readiness. Evidence suggests use of vitamin and joint health 
supplements may be associated with increased likelihood for nervous and musculoskeletal 
system disease or injuries among active-duty Service members; however, as this was a cross-
sectional study and the possibility for reverse causation in these associations cannot be ruled 
out (Humphreys et al. 2019). Conversely, twice daily supplemental protein or carbohydrate 
intake has been shown to potentially mitigate MSKi risk during BMT, with increased caloric 
intake and nutrient timing playing more important roles in this effect than the specific 
macronutrient content of the supplements (McGinnis et al. 2018). These studies suggest that 
healthy eating behaviors to include optimal nutrient timing and additional caloric intake from 
more frequent meals or dietary supplementation may reduce risk of MSKi among military 
personnel. 

Nutritional health and non-musculoskeletal injury and illness 

Nutritional supplementation may influence infectious disease risk through improvements in 
immune status and function, as suggested in an investigation of vitamin D supplementation 
during Marine Corps basic training. This study reported that recruits receiving daily doses of 
1000 IU of vitamin D3 exhibited enhanced salivary immune responses, particularly in the form 
of increased salivary secretory immunoglobulin A levels, despite the immunosuppressive 
challenges encountered in the early stages of training (Scott et al. 2019). Additionally, 
nutritional supplementation of omega-3 fatty acids and some micronutrients, including zinc, 



114 

vitamin D, and vitamin C, may help improve local immune response following acute injury 
(Smith et al. 2018). Further research in this area will be important for validation of these 
findings and improved understanding of the mechanism underpinning this association. 

Nutritional health and chronic health conditions 

Research with both the general population and military Service members suggests significant 
associations between nutrition behavior, risk of developing chronic health conditions, and 
ultimately overall physical health (Knapik et al. 2022; Purvis et al. 2013; Rong et al. 2019; Smith 
et al. 2010). Fostering effective weight management is essential in preventing chronic health 
conditions, as is identifying unique approaches to support Service member weight 
management. A study of male and female U.S. Soldiers suggests meal replacement use may be 
one such approach when used adjunct to weight loss programs, with high adherence and 
satisfaction reported for the program examined (Smith et al, 2010). However, overall dietary 
behaviors may also impact Service member outcomes, as suggested in a large study of more 
than 13,000 male and female U.S. Army personnel, which identified associations between 
healthy eating habits such as regularly eating breakfast and drinking recommended quantities 
of water, engagement in healthy activity behaviors including meeting recommended weekly 
exercise recommendations, and body composition and fitness measures (Purvis et al. 2013).  

Dietary supplement use, prevalent in military populations, may also impact Service member 
physical health, but not always in positive ways. Among U.S. Service members with clinically 
diagnosed medical conditions, evidence from one cross-sectional study suggests that a higher 
number of diagnoses may be associated with increased use of dietary supplements concurrent 
with prescription medications, important given the poor understanding of how dietary 
substances and prescription medications may interact (Knapik et al. 2022). In this study of more 
than 26,000 male and female U.S. Service members across the DoD, users of protein/amino acid 
supplements and combination products containing mixtures of dietary, weight loss, and 
bodybuilding supplements were noted as being primarily male, younger, and more physically 
active, factors that potentially reduce the likelihood of utilizing medical services, which could 
adversely impact long-term physical health (Knapik et al. 2022). 

Nutritional health and sleep  

Research with the military Service member population suggests significant associations 
between sleep behaviors and obesity risk, which together may impact overall physical health. 
One study of U.S. Soldiers attending an Army weight loss program reported that 80% of 
participants slept fewer than 6 hours each night while more than half did not consume the 
recommended amounts of fruits and vegetables (Piche et al. 2014), unhealthy behaviors that 
evidence suggests may also cluster (Kao et al. 2021). These findings suggest concurrent sleep 
and dietary behaviors may have important implications for both weight management and 
physical health. Further, Service members not meeting dietary and sleep recommendations may 
be at greater risk for use of suboptimal methods of weight loss, including use of diet pills, 
skipping meals, fasting, and use of sweat suits or saunas (Piche et al. 2014).  
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Physical Fitness and Physical Health 

Physical fitness is an important factor in body composition, self-reported health, injury, chronic 
disease, sleep, deployability, and physical resilience. 

Physical training and body composition 

Several studies address the complex relationship between body composition and physical 
fitness among Service members (Anderson et al. 2014; Foulis et al. 2021; Szivak et al. 2023; 
Wuerdeman et al. 2023), and further explore how this relationship may be influenced by 
intrinsic biological factors such as age and sex (Anderson et al. 2014; Staub et al. 2015; 
Wuerdeman et al. 2023) or by external and socioeconomic factors such as access to exercise 
outside the home during a pandemic or even military rank (Wuerdeman et al. 2023). While at 
least one study of male and female U.S. Army recruits has reported that the rigorous physical 
nature of military training can induce significant changes in body composition (Foulis et al. 
2021), the influence of other health behaviors on Service member body composition also 
matters, as factors such as nutrition may significantly impact body composition despite high 
activity levels (Tomczak et al. 2016). Furthermore, Service members may overestimate their 
levels of activity or fail to account for other factors that attribute to body composition, such as 
diet (Szivak et al. 2023). Even mandatory physical training programs may not result in significant 

 
General Population Research: Nutritional Behaviors, Dietary Patterns, and Mortality Risk 

 
Although there are few studies currently available specific to military populations regarding 
the association of nutritional behaviors and dietary patterns with mortality risk, there is 
evidence from the general population that nutritional behaviors including skipping breakfast 
and underconsuming omega-3 fatty acids are associated with increased risk of all-cause 
mortality (McBurney et al. 2021; Rong et al. 2019; Cartolano et al. 2021). Omega-3 fatty acids 
have been shown to both lower risk for total mortality as well as improve total mortality risk 
prediction (McBurney et al. 2021). Another study found that omega-3 supplementation 
significantly reduced cardiovascular risk associated with high-density lipoprotein functionality 
(Cartolano et al. 2021), emphasizing to individuals with high cardiovascular risk the 
importance of incorporating more omega-3-rich foods into their diets. Eating breakfast is also 
an effective approach to reduce cardiovascular and overall mortality risk. Individuals who skip 
breakfast face a significantly heightened risk of cardiovascular and all-cause mortality, 
underscoring the importance of this meal in promoting cardiovascular health (Rong et al. 
2019). 
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weight loss for obese Service members if other behaviors such as sleep and dietary behaviors 
are not appropriately addressed (Shrestha et al. 2013). Nevertheless, studies support the 
importance of regular participation in both aerobic and strength training activities for Service 
members to maintain healthy body composition and to ensure compliance with military body 
composition standards (Anderson et al. 2014; Foulis et al. 2021; Hanson et al. 2021; Kraemer et 
al. 2004; Szivak et al. 2023; Warr et al. 2013). 

Physical fitness and self-reported or perceived health  

Existing evidence suggests direct associations of self-reported fitness and/or activity levels with 
Service members’ perceptions of their health. For example, in studies of U.S. Army personnel, 
BMI was inversely correlated with self-reported weekly activity levels and concern over both 
health and appearance (Golenbock et al. 2017; Szivak et al. 2023). Given the importance of 
perceived health for self-efficacy (Abadi et al. 2022), further understanding how physical fitness 
may influence Service members’ perceptions of their health may be important for supporting 
readiness. 

Physical fitness and musculoskeletal injury  

Musculoskeletal injuries are a significant concern in military settings, affecting both operational 
performance and long-term health outcomes (Taanila et al. 2015; Teyhen et al. 2020). Studies 
suggest  factors such as CRF (Giovannetti et al. 2012; Grier et al. 2017; Lisman et al. 2013; 
Rappole et al. 2017), body composition (Anderson et al. 2015; Jones et al. 2017; Krauss et al. 
2017; Taanila et al. 2015; Teyhen et al. 2020; C. D. Tomes et al. 2020) occupational performance 
(Anderson, Grier, Dada, et al. 2017; Teyhen et al. 2018), and physical training modalities 
(Bergeron et al. 2011; Childs et al. 2010; Grier et al. 2022; Grier et al. 2013; Heard et al. 2020; 
Jensen et al. 2019; Molloy et al. 2012; Roach et al. 2023; Robitaille et al. 2021; Roy et al. 2014; 
Sefton et al. 2016; Walker et al. 2011) play crucial roles in MSKi risk among military personnel. 
While there is considerable evidence suggesting a protective effect of greater CRF, often 
operationalized in the military setting as better performance on 1- or 2-mile runs, on MSKi risk 
(Anderson, Grier, Dada, et al. 2017; Giovannetti et al. 2012; Grier et al. 2017; Lisman et al. 2013; 
Rappole et al. 2017), some studies have also paradoxically suggested that greater CRF may be 
indicative of greater MSKi risk, possibly due to associations between greater CRF and high 
training volume, which has been shown to increase risk for injury (Giovannetti et al. 2012; Grier 
et al. 2013; Grier et al. 2017). In fact, evidence suggests there may be a U-shaped relationship 
between running volume and MSKi risk, such that those endorsing the lowest and highest 
volumes of running may have greater risk for MSKi (Roy et al. 2014). There is also evidence that 
other physical fitness factors such as BMI and body composition and demographic or 
occupational factors such as age or MOS may further contribute to injury risk (Anderson, Grier, 
Dada, et al. 2017; Jones et al. 2017; Rappole et al. 2017; Teyhen et al. 2018). In fact, both obese 
and underweight BMI have been linked to increased risk for MSKi during intensive physical 
training (Krauss et al. 2017; Taanila et al. 2015). There is also evidence that individual 
components of military fitness tests such as 2-mile run time may effectively predict injury risk 
during training (Tomes et al. 2020; Wyss et al. 2012). Additionally, studies of U.S. Army and 
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Marine Corps personnel have shown that assessments evaluating individual movement patterns 
and fitness levels may have promise for the prediction of MSKi risk (Lisman et al. 2013; Sefton et 
al. 2016).  

Physical training and musculoskeletal injury prevention 

To prevent MSKi injury, novel physical training modalities, such as extreme conditioning 
programs and weight training, have been evaluated for their impact on injury risk, with varying 
results (Bergeron et al. 2011; Grier et al. 2022; Grier et al. 2013; Molloy et al. 2012; Roy et al. 
2014; Sefton et al. 2016). Evidence from at least one study of predominantly male (90.0%) U.S. 
Soldiers suggests novel training modalities that increase the volume or intensity of training may 
increase risk for MSKi (Grier et al. 2013), while in a cluster-randomized trial conducted with 
male and female U.S. Army personnel, a program implementing core stabilization exercises 
training was reported to decrease lower back injury risk (Childs et al. 2010). Importantly, MSKi 
has been shown to be particularly common during BMT, especially for recruits with poor fitness, 
and enhanced conditioning of military recruits prior to entry into BMT may be a means by which 
to mitigate this risk (Oliver et al 2017; Molloy et al 2012). Other strategies to decrease MSKi risk 
may include evidence-based training programs, risk stratification models (Roach et al. 2023), 
and personalized physical training regimens (Heard et al 2020). However, while studies suggest 
implementing evidence-based training programs can lead to fewer injuries and better outcomes 
for military trainees (Robitaille et al. 2021), injury risk factors are multifaceted and may involve 
demographic, fitness, and occupational performance variables (Anderson, Grier, Dada, et al. 
2017; Grier et al. 2017; Teyhen et al. 2018). It is essential to understand and address these 
contributing factors to develop effective injury prevention strategies in military settings (Roach 
et al. 2023). Table 8 provides some examples of such MSKi risk and protective factors as noted in 
the scientific literature. 

Table 8. MSKi Risk and Protective Factors 

MSKi Factor Protective Factor or Risk Factor Citations 

CRF 

Mixed evidence for being a protective 
factor (top list of PMIDs), other 
studies indicate it being a risk factor 
(lower list of PMIDs) 

Giovannetti et al. 2012; Grier et al. 2017; 
Lisman et al. 2013; Rappole et al. 2017 

Giovannetti et al. 2012; Grier et al. 2013; 
Grier et al. 2017  

BMI and Body 
Composition Risk Factor Krauss et al. 2017; Taanila et al. 2015  

Components of Military 
Fitness Tests Risk Factor 

Lisman et al. 2013; Sefton et al. 2016;  
CD Tomes et al. 2020; Wyss et al. 2012  

 

Grier et al. 2013  
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Physical Training 
Modalities 

Mixed Evidence (top PMID indicates 
risk factor, bottom indicates 
protective factor) 

Childs et al. 2010  

Evidence-Based Training 
Programs and Risk 
Stratification Models 

Protective Factors Roach et al. 2023; Robitaille et al. 2021  

Personalized Physical 
Training Regimens Protective Factor Heard et al. 2020  

Physical fitness and chronic health conditions 

Various studies have explored the relationship between chronic health conditions and physical 
fitness on military personnel. Research supports linkage between physical fitness and chronic 
health conditions. In a study of more than 26,000 military Service members from all branches of 
Service, those identified as having obesity via high BMI (i.e., BMI greater than or equal to 30.0 
kg/m2) were reported to have significantly increased likelihood of a diagnosed medical 
condition, particularly conditions related to metabolic and/or cardiometabolic function (e.g., 
type 2 diabetes) or musculoskeletal disease (Knapik et al. 2023). Moreover, this association 
increased in a dose-dependent manner, such that as BMI increased, MSKi risk increased (Knapik 
et al. 2023).  

A study of more than 250,000 male and female active-duty U.S. Army personnel comparing 
cardiovascular disease risk factors between Service members and U.S. civilians (NHANES, 2011–
2012 cycle) has suggested that Service members may have high prevalence of risk factors for 
cardiovascular disease, including obesity and hypertension (Shrestha et al. 2019). However, 
modifiable cardiovascular risk factors may be improved through regular exercise (Stiegmann et 
al. 2023). Participation in regular moderate intensity exercise may also improve serum 
lipoprotein profile and insulin sensitivity, both of which may protect against the development of 
cardiovascular disease and T2DM (Collette et al. 2022; Stanton et al. 2022). 

In addition to chronic illnesses, chronic pain is a common condition for military Service 
members. However, exercise therapy and avoidance of sedentary behavior may be an effective 
non-pharmacological method by which Service members can manage low back pain during the 
sub-acute phase of injury (Talbot et al. 2023). Furthermore, a study of more than 65,000 
predominantly male (92.2%) U.S. Army personnel suggests that exercise therapies may also 
reduce the risk of harmful outcomes, including drug or alcohol abuse, suicide ideation, or self-
harm, commonly associated with chronic pain (Meerwijk et al. 2022).  

Physical fitness and sleep  

Given the adverse effects of inadequate sleep on Service member health, factors that may limit 
the impact of sleep deficiency are important. To this end, evidence from a study of 54 male U.S. 
active-duty, reserve, and National Guard Service members and ROTC cadets suggests a greater 
degree of CRF may buffer against the adverse effects of military operational stress, including 
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sleep deprivation (Beckner et al. 2021). Despite the generally high degree of fitness present in 
most active-duty Service members, this population may have a high prevalence of insomnia that 
may not be overcome by being physically fit, suggesting that health screenings and other health 
promotion programs designed to identify and address sleep problems in Service members may 
be important for preserving their physical health and readiness (Russell et al. 2019).  

Physical fitness and deployability  

Guaranteeing that Service members are ready to deploy at a moment’s notice is a vital part of 
Force lethality and mission readiness. However, research suggests a need for specialized training 
programs to address the increasing prevalence of overweight recruits and enhance physical 
fitness levels of military personnel, among which the prevalence of obesity may be relatively 
high (Hruby et al. 2020; Molloy et al. 2012; Santtila et al. 2019). Furthermore, specialized 
training programs designed to increase upper body strength of Servicewomen while maintaining 
their overall physical fitness may help close the strength gap between male and female Service 
members and may be of particular importance for ensuring the deployability and occupational 
performance of those in combat MOS (Kelly and Jameson, 2016).  

Physical fitness and physical resilience  

Physical resilience is a key factor for ensuring Service members recover effectively and 
efficiently from the rigors of military service, training, and combat. Physical fitness and training 
may support physical resilience, with evidence demonstrating the importance of physical 
activity for influencing resilience and physical performance during stressful military operations, 
which may be facilitated through, in part, modulation of corticospinal excitability (Proessl et al. 
2022). Aerobic and strength training are likely to be important for effective performance of and 
recovery from military occupational tasks (Friedl et al. 2015). There is also evidence from a 
study of approximately 200 Australian Army recruits that resistance training, specifically 
compound-focused lifts, and high-intensity interval training may improve physical function and 
resilience through reduction of MSKi risk for both male and female Service members (Burley et 
al. 2020). Together, these findings suggest that physical training incorporating both aerobic and 
strength components may be important for the improvement of physical resilience among 
military Service members.  

Psychological Health and Physical Health 

Evidence supports linkages, often bi-directional in nature, between psychological health-related 
factors such as well-being, mental illness, and resilience with Service member physical health. 

Psychological well-being, mental illness, and body composition  

Psychological well-being may have important impacts on various health behaviors, as self-
reported symptoms of PTSD, depression, and generalized anxiety disorder have been 
associated, in a bi-directional fashion, with increased risk for obesity and lower levels of physical 
activity, as suggested in a study of more than 12,000 U.S. Service members from across the DoD 
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(Hruby et al. 2021). In a systematic review of prospective evidence from more than 40 individual 
studies representing more than 32,000 participants with 1 to 23 years of follow-up, abnormally 
blunted cardiovascular reactivity to stress was associated with greater incidence of obesity, 
suggesting psychological stress and responses to that stress may have long-term implications for 
physical health (Turner et al. 2020). The literature on this topic is relatively limited and warrants 
further exploration. 

Psychological health and chronic health conditions  

The military environment is a highly stressful work environment that can increase military 
Service members’ susceptibility to chronic health conditions (Lopez-de-Uralde-Villanueva et al. 
2017). In fact, evidence supports stress reactivity as a predictor of chronic health conditions, 
including obesity and cardiovascular disease (Suvarna et al. 2020; Turner et al. 2020). Moreover, 
there is also a significant association between allostatic load and various adverse health 
outcomes and behaviors, including obesity, substance use, physical inactivity, and sleep 
impairments. Evidence from a systematic review suggests increased allostatic load may also 
increase risk for coping through the practice of poor health behaviors, which could in turn 
increase risk for chronic conditions (Suvarna et al. 2020). Chronic pain may also interact with 
psychological factors. For instance, when conditions such as chronic neck pain are accompanied 
by high levels of kinesiophobia, or fear of movement, the likelihood of Service members 
experiencing both functional limitations and psychological distress, including depression and 
anxiety, is increased (Lopez-de-Uralde-Villanueva et al. 2017).  

Reciprocal relationships between psychological and physical resilience and their impact on  
physical health 

Physical resilience is influenced by a variety of factors, including psychological coping and 
emotional regulation (Crane et al. 2019), mental health and stress (Hourani et al. 2020; Ligeza et 
al. 2022; Mota et al. 2012) and practicing mindfulness (Goldberg et al. 2020). Resilience and 
stress have an inverse association such that higher levels of resilience may reduce the impact of 
stress on Service members, as shown in a study of more than 100 male and female U.S. Air 
National Guard personnel (Ligeza et al. 2022). In a study of Australian military officer cadets, 
effective strategies for strengthening physical resilience included healthy coping behaviors and 
emotional regulation, such as self-reflection (Crane et al. 2019). There is also evidence that 
health-related behaviors such as physical activity may act as a protective factor against 
psychological stress; however, resilience may also act as a driver for the practice of health-
related behaviors, and Service members with lower resilience may be less likely to practice the 
health behaviors that might benefit them (Ligeza et al. 2022). Finally, evidence suggests that 
there may be important sex-related differences in the prevalence of some mental health 
disorders, including PTSD, depression, and mood or anxiety disorders, specifically that 
Servicewomen may be at greater risk for these disorders as compared with their male 
counterparts (Mota et al. 2012). However, at least one study suggests that the higher rates of 
sexual harassment, sex-based discrimination, and sexual assault experienced by female U.S. 
Service members as compared with male Service members may explain this difference, even 
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attenuating differences observed for male versus female Service members in models predicting 
mental health disorders when such exposures are considered (Jaycox et al. 2023). Given the 
mental health benefits that may be associated with increased physical resilience, it is important 
to implement effective strategies to increase physical resilience.  

Social Health and Physical Health 

Social health factors, such as marital status, leadership, and social support, can have an 
important effect on physical health.  

Marital status and physical health 

Healthy social ties, including those among immediate family members, are important for 
physical health of Service members and their families. For example, in the Millennium Cohort 
Family Study of U.S. Service members and their families, which included almost 10,000 military 
spouses of U.S. Service members, perceptions of adequate social and military support were 
associated with healthy BMI and practice of healthier behaviors among military spouses (Corry 
et al. 2019). Thus, tailored programming for military spouses may be a key contributor to 
physical health and well-being of military couples (Corry et al. 2019).  

Social support, moral injury, and physical health 

Lack of social support and psychological factors such as distress may mediate associations 
between moral injury and adverse health outcomes including sleep disturbances, pain, burnout, 
and treatment-seeking behaviors (Hall et al. 2022). These findings suggest that factors such as 
social support networks may benefit Service members by moderating the magnitude of impact 
moral injury may have on physical health outcomes. 

Leadership and physical health 

Evidence suggests that leadership may have important impacts on the physical health of military 
Service members, especially given the unique, strong hierarchical structure of the military 
(Fosse et al. 2019). In one systematic review, active forms of destructive leadership, such as 
abusive supervision, were reported to be predictors of reduced well-being and health, while, 
conversely, constructive leadership styles were associated with improved well-being and health 
(Fosse et al. 2019). Additionally, leadership provision of role clarity to subordinates may also 
decrease the physical stress of military occupational demands, as suggested in a study of U.S. 
Army cadets in which role clarity decreased the negative impact of high job demands on 
perceived physical strain (Lang et al. 2007). 
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Interaction of the Health and Fitness Domains and Physical Health 

Table 9. Interaction of Health and Fitness Domains and Their Influence on Physical Health 

Outcome Interacting Domains Findings Reference 

Physical Health 
(overall) 

Social Health 

Physical Fitness 

Marital status, social support, and family 
support, may have significant effects on physical 
health. 

Corry et al. 
2019; Guo et al. 
2023; NA Hall et 
al. 2022 

 

Medical/Dental 
Health 

Psychological Health 

Blunted cardiovascular reactivity to stress is 
associated with greater incidence of obesity, 
suggesting psychological stress and responses to 
that stress may have long-term implications for 
physical health. 

Turner et al. 
2020 

 

Psychological Health 
(Sleep) 

Nutritional Health 

Physical Fitness 

Unhealthy behaviors may have important 
implications for both weight management and 
physical health. 

Kao et al. 2021; 
Piche et al. 2014 

 

Nutritional Health 

Medical/Dental 
Health 

A higher number of medical condition diagnoses 
may be associated with increased use of dietary 
supplements concurrent with prescription 
medications.  

Knapik et al. 
2022 

Social Health 

Psychological Health 

Active forms of destructive leadership are 
predictors of reduced well-being and health. 
Constructive leadership styles are associated 
with improved well-being and health.  

Fosse et al. 2019 

 

Body 
Composition 

Nutritional Health 

Physical Fitness 

Nutrition behaviors may impact body 
composition, healthy eating habits, engagement 
in healthy activity behaviors. Body. Body 
composition and fitness measures may also 
impact Service member outcomes. 

Purvis et al. 
2013; Tomczak 
et al. 2016 

Chronic Health 
Conditions 

Physical Fitness 

Medical/Dental 
Health 

Participation in regular moderate intensity 
exercise may protect against the development of 
cardiovascular disease and T2DM. 

Collette et al. 
2022; Stanton et 
al. 2022 

Medical/Dental 
Health 

Psychological Health 

Chronic pain can interact with psychological 
factors - when conditions such as chronic neck 
pain are accompanied by fear of movement, the 
likelihood of Service members experiencing both 

Lopez-de-
Uralde-
Villanueva et al. 
2017 
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functional limitations and psychological distress 
is increased. 

Occupational 
Performance, 
Non-MSKi 
Injury, Heat 
exposure, High 
Altitude 

Environmental Health 

Medical/Dental 
Health 

Exposure to high altitude, as encountered during 
flight, may result in tooth pain associated with 
changes in barometric pressure for military flight 
personnel with oral pathologies. 

Gonzalez 
Santiago Mdel et 
al. 2004 

Environmental Health 

Nutritional Health 

Dietary choices such as caffeine consumption, 
which may influence exercise-induced 
physiological strain, insufficient energy/nutrient 
intake, and proper fluid and electrolyte intake are 
factors that mediate risk for EHI. 

Kazman et al. 
2020; Lee et al. 
2022  

 

Social Health 

Psychological Health 

Leadership provision of role clarity to 
subordinates may decrease the physical stress of 
military occupational demands. 

Lang et al. 2007 

 

 

Deployability 

Physical Fitness 

Psychological Health 

Medical/Dental 
Health 

Nutritional Health 

Environmental Health 

 

Many health conditions may be preventable 
through the lifestyle and behavioral tenets 
supported across the domains of health and 
fitness, including physical training, healthy 
dietary approaches, tobacco abstinence, and 
proper use of protective equipment. 

Bornstein et al. 
2019; 
Buckingham et 
al. 2003; 
Haddock et al. 
2007; Hsieh et 
al. 2003; 
McGinnis et al. 
2018; Zajc et al. 
2011  

Sleep 

Psychological Health 

Environmental Health 

Conducting missions in extreme cold 
environments may worsen the adverse influence 
on sleep quality, increasing risk for sleep 
disorders, sleep latency, daytime impairment, 
and poor subjective sleep quality. 

Wang et al. 2020 

Medical/Dental 
Health 

Psychological Health 

 

Evidence suggests health screenings and 
promotion designed to address sleep problems in 
Service members may be important. 

Russell et al. 
2019 

Physical Fitness 

Psychological Health 

Evidence suggests that a greater degree of CRF 
may buffer against the adverse effects of military 
operational stress, including sleep deprivation, 
on Service member cognition. 

Beckner et al. 
2021 
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Physical 
Resilience 

Physical Fitness 

Psychological Health 

Physical fitness and training may support physical 
resilience, with evidence demonstrating the 
importance of physical activity for influencing 
resilience and physical performance during 
stressful military operations through, in part, 
modulation of corticospinal excitability. 
Strategies for strengthening physical resilience 
may include healthy coping behaviors and 
emotional regulation, such as self-reflection. 

Crane et al. 
2019; Proessl et 
al. 2022 

Gaps and Calls to Action in Physical Health 

Despite the importance of physical health for military Service members, there remain gaps in 
the understanding of how best to positively influence outcomes aligned with physical health 
across the eight domains of health and fitness. Identified gaps in the evidence and potential 
areas for additional study include:  

1. The influence of the built environment on Service member physical health. There is little 
peer-reviewed research examining how factors such as military installation and 
community design impact Service member physical health. Additionally, few, if any, 
published, peer-reviewed studies have investigated potential effects of office and 
workspace environments, including ergonomic and natural light availability 
considerations, on the physical health and well-being of the Service members who work 
in such environments. Given the increasing amount of time some Service members may 
spend working at desks or computer stations (e.g., administrative and other office 
workers, drone pilots), understanding potentially adverse impacts of such exposures on 
physical health will be an important part of designing means by which to mitigate such 
impacts. 

2. The influence of deployment on asthma and other respiratory ailments among Service 
members. The studies pertaining to the relationship between deployment and asthma 
included in this review focused on new-onset asthma diagnosis, and the findings were 
mixed. There is evidence that Service members have an increased susceptibility to 
chronic conditions, which includes an increased risk for respiratory symptoms and 
airway diseases such as asthma. It will be important for future studies to investigate this 
existing gap in the literature to fully understand if deployment does have a significant 
influence on asthma diagnosis.  

2. The associations of allostatic load with stress and PTSD, and surrogate measures for 
objectively evaluating this association. There is evidence in the military literature that 
combat exposure increases allostatic load, and research suggests that the relationship 
between highly stressful, traumatic events and psychological disorders such as PTSD may 
be mediated to some extent by allostatic load. However, current literature examining the 
nature of this relationship provides mixed findings, possibly because of inconsistent 
methods for determining allostatic load or defining and identifying PTSD (Carbone et al. 
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2022). To better capture objective measures of allostatic load, identification of viable 
surrogate measures for this factor are needed. Although HRV has been identified as one 
such potential factor, there is a considerable need for additional research to definitively 
establish this relationship and determine the most representative and repeatable 
components of HRV measurement for assessing allostatic load. 

3. The influence of spiritual health on physical health. While there is a small amount of 
literature providing evidence of linkage between spiritual health with Service member 
physical health, the outcomes examined in these studies were broad and somewhat 
nebulous concepts of physical health rather than well-defined, concrete outcomes such 
as chronic disease risk or physical injury (Koenig 2023; Moore et al. 2013). Given the 
importance of spiritual health on holistic Service member wellness and readiness, future 
research examining such associations will be important to improve understanding of 
which physical health outcomes may be influenced by spiritual health so that these 
associations may be conveyed to Service members and their families as part of health 
promotion campaigns intended to increase buy-in to the importance of this domain for 
health and readiness.  

4. The influence of healthy lifestyle choices on overall physical health. There is evidence in 
the general population literature that engaging in proactive, healthful behaviors 
improves overall physical health. While literature provides evidence regarding adverse 
impacts of harmful health behaviors, there is a gap in research on how lifestyle choices 
and a lifestyle medicine approach to care for Service members could beneficially 
influence overall physical health. Given the importance of prioritizing and ensuring 
optimal Service member health, future research providing in-depth examination of these 
associations will be important to determine the effectiveness of using evidence-based 
behavioral interventions to prevent and address chronic disease and ultimately overall 
health among Service members. 

Recruitment and Retention 

Health and Fitness Domains with Evidence Pertaining to Recruitment and Retention 

Environmental Financial Medical/ 
Dental Nutritional Physical Psychological Social Spiritual 

        

 

Introduction 

The recruitment of potential Service members and retention of trained Service members are 
important issues and ongoing challenges for the U.S. Military. A recent Government 
Accountability Office report noted only 1 in 4 people in the U.S. between the ages of 17 and 24 



126 

can meet recruitment requirements for military service, and that the DoD faces challenges 
retaining active-duty Service members due to issues including quality of life and competition 
with the civilian sector (GAO 2023). More research is needed to understand perceptions of the 
military among young adults and inform initiatives undertaken to ensure the military is seen as 
a viable career path. Furthermore, once Service members have either enlisted or have been 
commissioned as officers, it is equally important to ensure trained personnel are not lost. 
Understanding how the multiple domains of health and fitness influence retention will be 
important for attracting and retaining talented Service members.  

Financial Health and Recruitment and Retention 

The literature indicates important associations between Service member financial health and a 
variety of factors important for the recruitment and retention of military personnel. 

Financial health and food insecurity  

Financial health may play an important role in ensuring the retention of Service members, as 
those with low financial health may be more likely to not re-enlist. Periods of financial insecurity 
or economic uncertainty may be more common among military households as a result of 
frequent relocations that are a typical hallmark of military life; these periods of financial 
instability may contribute to military households’ vulnerability to food insecurity, which may in 
turn adversely affect Service member re-enlistment (Beymer et al. 2021; Rabbitt et al. 2022). In 
a study examining food insecurity and intentions to leave the military, food insecurity was 
significantly associated with anxiety, depression, and suicidal ideation, which was in turn 
associated with intentions to leave, an association observed for both male and female Service 
members (Beymer et al. 2021). However, food insecurity is a complex, multi-factorial condition, 
and it is important to recognize that connections between financial health and food insecurity 
noted in these studies were often indirect in nature. More research is needed to identify and 
better understand risk factors for food insecurity among Service members and any causal 
relationships that may exist between financial health factors and food insecurity. 

Military recruiting and retention via return on educational investment  

Evidence suggests financial considerations may be important for recruiting and retaining 
personnel and ensuring that the military is seen as a viable career option. This may be 
particularly true for professional occupations such as physicians, as military service may be a 
way for those seeking medical training to avoid accruing financial debt, and the required 
military service following completion of training may be an attractive trade-off for the eventual 
return on investment for some individuals. A study of military and civilian physicians reported 
that, for some, medical specialties, including general internal medicine and psychiatry, a military 
career had a net value on the educational investment as compared with civilian careers. 
Notably, this study demonstrated differences in the retention of medical specialists within 
various field, largely attributable to the incomes associated with civilian as compared with 
military careers in these respective sub-specialties. After eight years, the military retained 
roughly 20% of attendings in subspecialties such as gastroenterology, cardiology, and 
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hematology/oncology (i.e., sub-specialties with very high return on investment in the civilian 
sector), and although military retention rates were highest among those in primary care 
specialties such as psychiatry and internal medicine (i.e., substantially lower return on 
investment in the civilian sector), only 35% of these physicians remained in the military system 
after eight years (Cronin et al. 2010). In a study of medical student awareness of and attitudes 
towards DoD economic assistance programs for medical training, not only were graduating 
medical students unaware of or uninterested in such programs despite significant financial debt 
(in some cases as much as $151,000), attitudes towards military service were decidedly 
negative, with more than half of respondents noting that they would not be willing to serve in 
the military in any capacity (Heinrich, Bale, and Swan 2008). Together, these studies highlight 
not only concerns regarding the recruitment and retention of military physicians, but also those 
regarding national healthcare, as significant financial indebtedness has led to a preference for 
medical students to seek specialty training, resulting in a substantial gap in the availability of 
primary care physicians (Heinrich, Bale, and Swan 2008). 

Medical and Dental Preventive Health and Recruitment and Retention 

Aspects of medical and dental preventive health can affect retention, including prevention and 
treatment of conditions such as musculoskeletal injury and atrial fibrillation, and tobacco use. 

Medical preventive health, musculoskeletal injury, and Service member retention  

MSKi and medical interventions to treat such injuries, including anterior cruciate ligament 
reconstruction and meniscal allograft transplantation, may have substantial impact on retention, 
as many Service members may have considerable activity limitations or be unable to return to 
duty following the procedure (Antosh et al. 2020; Antosh et al. 2018). For example, from 1998 
to 2000, MSKi was the leading diagnosis submitted to the Physical Evaluation Board (Bohnker et 
al. 2003). However, not all surgical procedures for relatively common MSKi sustained by Service 
members, such as bulging disks, affect retention; in many cases, Service members are able to 
return to unrestricted full active duty (Tumialan et al. 2019). Nevertheless, strategies to prevent 
MSKi, which may include modifications to training programs to prevent overuse injuries, are 
likely to aid in the retention of trained military personnel, as MSKi is a significant factor 
influencing medical downgrading or discharge (Clifton et al. 2023; Papworth et al. 2020; Walker 
et al. 2011).  

The influence of atrial fibrillation on Service member retention 

Multiple studies have examined the relationship between atrial fibrillation and retention in Air 
Force Service members, a population that may be at increased risk for atrial fibrillation due to 
the rigors of flight in high performance aircraft. While studies suggest that the incidence of atrial 
fibrillation in Air Force personnel is similar to that of the general population, they also suggest 
that Air Force Service members may be diagnosed at younger ages. Nevertheless, almost 70% of 
Service members diagnosed with atrial fibrillation continue to meet military retention standards 
after medical board evaluation (Hunter et al. 2013; Keithler et al. 2023; Keithler et al. 2022).   
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Tobacco use and military discharge 

Evidence suggests that tobacco use may be an important predictor of military retention. While 
tobacco use does not directly lead to discharge, cigarette smoking has been reported to be a 
strong predictor of military discharge (Talcott et al. 2015). Moreover, DoD spent approximately 
$1.6 billion per year on tobacco-related medical care, hospitalizations, and lost workdays among 
active-duty Service members (Talcott et al. 2015). Tobacco use may also influence military 
retention through its adverse effect on Service member physical resilience following injury, as 
tobacco use has repeatably been cited a predictor of poor outcomes following medical 
intervention for MSKi, which may result in medical discharge of military personnel (Anderson et 
al. 2021; Antosh et al. 2020; Chin et al. 2015; Clifton et al. 2023; Kardouni et al. 2016; Robbins et 
al. 2000; Yepson et al. 2020). Studies suggest counseling in conjunction with nicotine 
replacement treatment appear to be beneficial for supporting tobacco cessation in Service 
member populations (Talcott et al. 2015). 

Physical Fitness and Recruitment and Retention 

Evidence suggests that physical fitness, namely body composition, may be a key influencing 
factor in predicting military discharge as a result of failing fitness tests and/or body composition 
standards. 

Body composition and military discharge 

Studies of Finnish military personnel suggest associations of poor body composition and low 
fitness levels with discharge from military service (Santtila et al. 2019; Taanila et al. 2011). In 
studies of U.S. Soldiers, U-shaped associations have been observed between BMI and medical 
and all-cause discharge rates, both rates appear to be higher for those with either an 
underweight or obese BMI as compared with those having BMI within normal range (Packnett 
et al. 2011). In fact, the highest rates of all-cause discharge were for BMI less than 18, even BMI 
approaching the lower bound of normal was found to have significantly higher odds for both 
medical and all-cause discharge. There may be long-term, adverse carryover effects of obese 
BMI for Service members, as even those who lost weight after failing military BMI standards had 
increased likelihood of premature discharge (Packnett et al. 2011).  

Psychological Health and Recruitment and Retention 

Mental health can impact retention, and mental health can be impacted by the type of military 
discharge. 

Mental health and military discharge 

A study of U.S. Soldiers found those who screened positive for anxiety, depression, or suicidal 
ideation were more likely to report intentions to leave the Army (Beymer et al. 2021). Moreover, 
in a study of more than 7,000 deployed U.S. Service members, a history of suicide-related 
aeromedical evacuation was associated with significant increased risk for military separation as 
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compared with evacuation for other psychiatric conditions (Straud et al. 2020). Sleep may also 
contribute to military retention. A study of survey responses from more than 55,000 U.S. 
Service members who reported sleeping fewer than 6 hours per night were significantly more 
likely to separate from the military early (Seelig et al. 2016). It is important to consider the 
inverse of this relationship after Service members leave the military. Newly separated veterans 
may report chronic physical or mental health conditions despite reporting relatively high 
vocational and social well-being, with men more likely to endorse a physical condition such as 
high blood pressure and women more likely to endorse a mental health condition such as 
anxiety or depression. (Vogt et al. 2020). Interventions such as mindfulness training may be 
important in supporting long-term mental health (Goldberg et al. 2020). The type of discharge 
experienced by a Service member may also have a profound effect on psychological health. In a 
Veterans Health Administration study of data from 443,360 veterans, those who had non-
routine military discharge, including disqualification or misconduct discharge, had significantly 
greater likelihood of mental health disorder, substance use disorder, and suicidality, while 
disability-discharged veterans had higher likelihood of anxiety disorders and bipolar or psychotic 
disorders (Brignone et al. 2017).  

Social Health and Recruitment and Retention 

Social factors, such as community and family factors, can impact retention. 

Community and retention 

A Service members involvement in both the military and their own community can affect 
reenlistment. A study on Air Force personnel found that affective commitment, or an emotional 
attachment to, identification with, and involvement with the military, was associated with the 
decision to stay in the Air Force (Smith et al 2011). On the other hand, Air Force personnel who 
were embedded in the community were more likely to separate. For Service members facing 
the reenlistment decision, those who were more embedded in the community were more likely 
to separate then those who were not (Smith et al 2011). 

Family factors and recruitment and retention 

The strongest predictor of military service in the United States is having a family member who 
has or is serving, and 80% of new recruits across the different Services have a family member 
who has served (Rossiter et al 2022). Families can also play a strong role in retention. For 
example, in a study looking across branches of Service, the number of children, spouse 
bothered by finances, and Service member months away from home were associated with 
increased likelihood of Service member voluntary separation (Woodall et al 2022). Service 
members with spouses who reported higher levels of social support were significantly less likely 
to voluntarily separate (Woodall et al 2022, Sims et al 2024). A study looking at Army families 
found that spouses whose needs were unmet after seeking help experienced greater stress, and 
spouse unmet needs and reports of greater stress were associated with worse general attitudes 
toward the military. These attitudes toward the military were associated with less inclination to 
stay a military family, which in turn predicted soldier turnover almost two years later (Sims et al 
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2024). Children with specific health care needs can also play a role in retention. A study looking 
across the Services found that parents of children with complex or non-complex chronic 
diseases served in the military longer than parents of children with chronic disease. Specifically, 
parents of children with complex chronic disease served 4.8 months longer, and parents of 
children with non-complex chronic disease served parents of children with non-complex chronic 
disease served 4 months longer over the 8-year study period (Perkins et al 2023). 

Interaction of the Health and Fitness Domains and Recruitment and Retention 

Table 10. Interaction of Health and Fitness Domains and Their Influence on Recruitment and 
Retention 

Outcome Interacting Domains Findings Reference 

Early 
separation 
from military 

Financial Health 

Nutritional Health 

Food insecurity is an important indicator of 
financial health, and is associated with anxiety, 
depression, and suicidal ideation, which was in 
turn associated with intentions to leave. 

Beymer et al. 
2021; Rabbitt et 
al. 2022  

Medical/Dental Health 

Physical Fitness 

Low fitness levels, as well as too low or too high 
BMI, are associated with increased odds for 
medical and all-cause discharge. 

Packnett et al. 
2011; Santtila et 
al. 2019; Taanila 
et al. 2011  

Medical/Dental Health 

Physical Fitness 

MSKi increases the risk for early separation, and 
modifications to training programs to prevent 
overuse injuries can be implemented to reduce 
MSKi risk. 

Clifton et al. 
2023; Papworth 
et al. 2020; 
Walker et al. 
2011  

Medical/Dental Health 

Social Health 

Parents of children with complex or non-complex 
chronic diseases served in the military longer than 
parents of children with chronic disease. 

Perkins et al 
2023 

Well-being 
after 
separation 

Psychological Health 

Physical Fitness 

Social Health 

Newly separated veterans may report chronic 
physical or mental health conditions despite 
reporting relatively high vocational and social 
well-being. 

Goldberg et al. 
2020; Vogt et al. 
2020 

 

Gaps and Calls to Action in Recruitment and Retention 

1. Studies examining factors influencing military recruitment and/or retention. Despite the 
importance of recruitment to a volunteer military, there is a lack of published peer-
reviewed literature on factors affecting U.S. Military recruitment. Furthermore, the 
Government Accountability Office noted in March 2023 that DoD has not collected or 
tracked sufficient data to support decisions related to recruitment and retention, does 
not have sufficient strategies to guide recruitment and retention efforts, and is not 
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positioned to fully monitor the effectiveness of recruitment and retention (GAO 2023). A 
more careful examination of a perceived culture of health, including the potential for 
financial, environmental, social, spiritual, and medical and dental preventive health, 
could provide leaders and military recruiters with information regarding the beneficial 
nature of military service that might be used to positively impact recruitment.  

2. Studies examining military perceptions by the eligible U.S. population. Future studies 
focused on the recruitment-age youth perceptions of the military as a viable career path 
may be warranted. Particularly, studies examining youths' perceptions of the health and 
well-being of Service members may help elucidate the connection between recruitment 
and the domains of health and fitness. 

3. Studies examining how factors within the social, physical, psychological, spiritual, and 
environmental health and fitness domains might be leveraged to support both 
recruitment and retention efforts. These types of studies would be appropriate to 
understand how the U.S. Military can recruit talented youth and retain qualified 
personnel.  

Community and Family Readiness 

Health and Fitness Domains with Evidence Pertaining to Community and Family Readiness 

Environmental Financial Medical/ 
Dental Nutritional Physical Psychological Social Spiritual 

        

 

Introduction 

In the previous sections, the focus was on outcomes related primarily to the individual Service 
member. This section will focus on outcomes that affect the family and broader community. This 
includes how Service members function within a unit, relationships between leaders and 
subordinates, satisfaction with the military community, how families function through the 
domains of health and fitness, how Service members and families interact with the health care 
system, and overall quality of life, defined as “an individual's perception of their position in life 
in the context of the culture and value systems in which they live and in relation to their goals, 
expectations, standards and concerns” (WHO 2023).  

Environmental Health and Community and Family Readiness 

Factors such as community water quality may have significant impacts on the readiness of 
Service members and their families. 
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Water quality and community readiness 

Water quality is an important aspect of environmental health that contributes to community 
readiness by ensuring that military communities have consistent access to clean, safe drinking 
water. A variety of factors can adversely affect drinking water quality and safety, including 
contamination by birds, animals, or chemicals (e.g., jet fuel, per- and polyfluoroalkyl substances, 
volatile organic compounds) and inadequate chlorination (DeFraites et al. 2014; Maslia et al. 
2016; Filipovic et al 2015; Miko et al. 2023). Drinking water is commonly obtained from 
groundwater sources, which may become contaminated with volatile organic compounds as a 
result of military fire training exercises, explosives detonation or improper industrial waste 
disposal; consumption of such chemically contaminated water supplies may have adverse 
consequences on the health and well-being of military communities (Sonnefield, Hertz-
Picciotto, and Kaye 2001; Walsh et al. 2013; Bove et al. 2014; Ruckart, Bove, and Maslia 2014; 
Ruckart et al. 2015; Anderko and Pennea 2020; Miko et al. 2023; Ruyle et al. 2023; Bove et al 
2024). Consequences of exposures to chemically contaminated drinking water, which can 
include not only consumption of the water, but also its use for hygiene purposes such as bathing 
and teeth brushing, may include reproductive problems, developmental problems for fetuses 
and children, somatic symptoms such headaches, nausea, vomiting, dizziness, fatigue, and 
neurological symptoms, increased risk for certain cancers, and even increased long-term 
mortality risk (Sonnefield, Hertz-Picciotto, and Kaye 2001; Bove et al. 2014; Ruckart et al. 2014; 
Ruckart et al. 2015; Anderko and Pennea 2020; Miko et al 2023; Bove et al. 2024). Moreover, 
water contamination events can result in the displacement of military communities and 
interruption of the daily lives of military families, can contribute to a sense of frustration with 
and mistrust in public health officials, and may have long-term adverse psychological and social 
effects (Miko et al. 2023). Many of these chemical contaminants may be especially difficult to 
remediate and may persist in soils and groundwater for long periods of time (Walsh et al. 2013; 
Filipovic et al. 2015; Darlington, Barth, and McKernan 2018; Ruyle et al. 2023).  

In addition to chemical contamination, contamination of water sources with microorganisms 
from the environment or vectors such as birds or animals, especially when coupled with 
inadequate water filtration and/or treatment techniques, can have deleterious effects on 
community health (Jones et al. 2006; DeFraites et al. 2014; Watier-Grillot et al. 2022). Such 
contamination events, often occurring when residual chlorine levels of drinking water are very 
low or even undetectable, have been associated with outbreaks of waterborne illness caused by 
organisms such as Campylobacter jejuni, Cryptosporidium hominis, and enterotoxigenic E. coli 
spp. infections that often result in severe gastroenteric disease or even death (Jones et al. 2006; 
DeFraites et al. 2014; Watier-Grillot et al. 2022). Splash pads, which have become more 
common on some military installations as sources of entertainment for military families, may be 
another source of waterborne illnesses when water treatment is not managed properly or 
patrons partake in unhygienic practices, especially in cases of recirculating water splash pad 
designs (Hardcastle, Perry, and Browne 2015). This is particularly important since children, who 
are more likely to frequent splash pads, may be more susceptible to severe illness following 
infection by these pathogens; for this reason, oversight of these types of water features on 
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military bases by preventive medicine personnel may be ideal (Hardcastle, Perry, and Browne 
2015). 

  



134 

 

 

 

 
Spotlight on Environmental Health: Effects of the Camp Lejeune and Red Hill Drinking 

Water Contamination Crises 
 
Drinking water supply contamination at Marine Corps Base Camp Lejeune and the Red Hill 
Shaft of the Joint Base Pearl Harbor-Hickam water distribution system are two important 
examples of how chemical contamination of groundwater near or on a military installation 
can impact Service members and the military community at large.  
Early in the 1980s, high concentrations of volatile organic compounds, including the known 
carcinogen benzene, were detected in both ground and drinking water supplies for two of 
three water treatment plants serving Camp Lejeune. Contamination of the groundwater 
supplying these water treatment plants was likely due to historical base operations and 
hazardous waste disposal practices, such as chemical disposal by an off-base dry-cleaning 
company (Maslia et al. 2016). While the EPA’s maximum contamination limit for the volatile 
organic compound trichloroethylene is 5 µg/L (ppb), concentrations of this compound in 
drinking water samples from Camp Lejeune were as high as 1,400 µg/L (ppb) (Maslia et al. 
2016). It is likely that exposure to contaminated ground and drinking waters started in 1953 
and continued until 1985 (Maslia et al. 2016). Beginning in 1995 epidemiological 
investigations of the long-term effects of ground and drinking water contamination at Camp 
Lejeune have revealed increased incidence of birth defects and childhood cancers, low birth 
weight and other adverse birth outcomes, male breast cancer, and increased mortality risk 
for Marines, Sailors, and civilian personnel who lived and worked at Camp Lejeune as 
compared with those stationed at other Marine Corps bases (Sonnefeld et al. 2001; Ruckart 
et al. 2013; Bove et al. 2014; Ruckart et al. 2014; Ruckart et al. 2015; Maslia et al. 2016; Bove 
et al. 2024). 
 
In late 2021, contamination of the Red Hill Shaft of the Joint Base Pearl Harbor-Hickam water 
distribution system with the jet fuel JP-5 was confirmed following complaints of illness and a 
fuel-like odor in the tap water made to the Hawaii Department of Health (Miko et al. 2023). 
Testing of the water system, including samples obtained from elementary schools, revealed 
petroleum product contamination at levels more than 350 times the action level (Miko et al. 
2023). The Joint Base Pearl Harbor-Hickam water distribution system serves more than 9,600 
civilian and military households, as well as multiple schools and businesses, all of which were 
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Financial Health and Community and Family Readiness 

Financial health is an important factor in family readiness and can also impact transition to 
civilian life. 

Financial health of Reserve Components 

Financial health may have a significant effect on family readiness for all military components, 
active and reserve, and across all Services, although there is a dearth of current research on this 
topic among active-duty Service members. National Guard and Reserve Service members 
generally need a primary source of income outside of the military, and this can be disrupted 
during deployments. For example, Reservists who own businesses continue to shoulder most 
business-related expenses, especially in the case where they are the sole proprietor, and in 
some cases extended deployment may even lead to closing of the business (Petinaux 2008). 
Service-related injury can also be detrimental to Reservists’ financial stability and family well-
being and may have compounding effects on military and civilian employment (Gorman et al. 
2016). Together, these considerations emphasize the importance of comprehensive support for 

issued drinking water advisories (Miko et al 2023). Pursuant to discovery of the 
contamination, drinking water advisories lasted for 118 days, resulting in the displacement 
of thousands of households (Troeschel et al. 2022). A survey provided to affected 
households, more than half of which were military, revealed that routes of exposure 
included ingestion of contaminated water through oral hygiene, drinking, cooking, and 
dermal exposure during showering or bathing (Troeschel et al. 2022; Miko et al 2023). Self-
reported symptoms for adults and/or children affected included new or worsening mental 
health symptoms, including depression and anxiety, headache, dry or itchy skin, skin rash, 
fatigue, diarrhea, vomiting, and dizziness (Miko et al. 2023). Schools, daycares, medical 
facilities, community centers, and other businesses reported concerns about disruption of 
daily activities, distrust of official communications, need for resources, financial losses, 
increased tardiness and absences from school, and concerns about resolution timeline and 
long-term effects (Miko et al. 2023). Little is known in terms of long-term effects of 
petroleum product exposure, especially in children, and longitudinal studies will be needed 
to better understand the full breadth of the impacts the Red Hill petroleum spill will have 
on military families in this community. 
These two drinking water contamination scenarios highlight the importance of protecting 
drinking water supplies and systems and provide evidence of how ground and drinking 
water contamination can have significant and far-reaching adverse consequences for those 
affected. 
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National Guard and Reserve Service members and their families (Gorman et al. 2016).  
 
Financial education and health of Active Components 

Evidence suggests that, as compared with their civilian counterparts of comparable age and 
socioeconomic status, U.S. Soldiers may have more types of savings accounts, more problematic 
credit card behaviors, and similar use of alternative financial services such as payday loans 
(Skimmyhorn 2016a). Junior enlisted Service members with lower income, less education, and 
larger families have been reported to endorse more financial hardship and fewer positive 
financial behaviors (Riviere, Sinclair, and Graham 2024). However, the literature also 
demonstrates that financial education, such as provided during BMT or in military academy 
courses, may have beneficial effects on the financial knowledge, self-efficacy, and health of 
Service members, including lower likelihood of having credit account balances, delinquencies, 
and adverse legal actions, following course attendance although these effects may subside over 
time (Skimmyhorn 2016b; Skimmyhorn et al. 2016). Financial education regarding, and 
automatic enrollment or enrollment assistance into, retirement savings accounts may have long 
lasting beneficial effects, with one study conducted among U.S. Army enlistees demonstrating 
increased retirement savings rates and average monthly contributions to retirement savings 
accounts that persisted for at least 2 years following enrollment (Skimmyhorn 2016b). 

Spousal employment and financial health 

While active-duty Service members have a steady income, military spouses may have difficulty 
seeking and maintaining employment, especially given frequent changes of station common for 
military personnel. This type of migration is associated with a 10% and 6% decline in 
employment among all female and male civilian spouses, respectively, and a four- or more 
hours’ decrease in hours worked per week among female and male civilian spouses who remain 
employed (Cooke and Speirs 2005). Furthermore, this problem was exacerbated by the COVID-
19 pandemic, with 36% of Army Soldiers reporting their spouse/partner had reduced work 
hours, and 23% noting their spouse/partner no longer worked outside the home (Gomez et al. 
2023). Interruptions in employment may also increase food insecurity (Rabbitt et al. 2022). 
Spouse employment may also increase risk for intimate partner violence, as suggested by a 
study of female aggression towards male partners which indicated a 60% greater risk of severe 
violence by female Service members when a spouse was unemployed (Newby et al. 2003).  

  



137 

 

  

 
General Population Research: Financial Health  

 
Financial health involves the skills, knowledge, and tools to make sound financial 
decisions (Cohen 2024). Low financial health can lead to financial strain, which can have 
detrimental effects on health and quality of life (Nykiforuk 2023) and can influence other 
domains of health and fitness, such as medical and dental preventive care. A qualitative 
study found that financial strain was the most important factor in health decision-
making, with underserved adults noting the trade-off between healthcare and household 
or individual needs, using alternative remedies as affordable substitutes, and perceiving 
stigma to discussing financial strain in clinical settings (Nguyen et al. 2018). Considering 
mental health, there is evidence that financial strain may be associated with depression, 
anger, and anxiety (Bierman, Upenieks, and Lee 2023), with a systematic review of 48 
studies reporting a significant association between financial strain and higher likelihood 
of depression (Ettman et al. 2023). Furthermore, the National Epidemiologic Survey on 
Alcohol and Related Conditions found that cumulative financial strain was predictive of 
suicide attempts and suicide ideation (Elbogen et al. 2020). Economic strain is considered 
a social determinant of health by the Centers for Disease Control and Prevention and is 
an indicator of health tracked by Healthy People 2030. Leading health indicators for 
economic stability include “Increase employment in working-age people” and “Reduce 
household food insecurity and hunger.” Additional finance-related metrics include— 

• Reduce the proportion of people living in poverty. 
• Reduce the proportion of families that spend more than 30% of income on 

housing. 
• Reduce work-related injuries resulting in missed days of work. 

The Center for Healthy Communities at the University of Alberta developed a framework 
to address financial wellbeing and financial strain, identifying calls to action for the 
government, organizational and political culture, socioeconomic and political context, 
social and cultural circumstances, and life circumstances (Centre for Healthy 
Communities (CHC) & Centre for Health Equity Training 2022), which can help improve 
financial health. 
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Financial health and the transition to civilian life 

Financial health may also influence how well active-duty military families transition to civilian 
life. Key indicators of financial status immediately post-separation may include stable housing, 
the ability to pay for necessities, keeping up with creditors, insurance for catastrophic events, 
saving for retirement, and setting aside three months of salary (Elbogen et al. 2022). At military 
separation, as many as 13% of veterans may have troubled financial status, having achieved no 
more than two of these financial goals, while another 38% may have moderate financial status, 
which may predict future financial functioning, satisfaction, and difficulty with community 
adjustment (Elbogen et al. 2022). Disability may further impact this transition, as veterans with 
service-related disability may experience greater financial distress, less life satisfaction, and 
poorer mental health as compared with their non-disabled counterparts (Bond et al. 2022).  

Medical and Dental Preventive Health and Community and Family Readiness  

Medical and dental preventive health can have an impact on community and family readiness 
through access to and engagement with the military health system and can improve Service 
member quality of life. 

Access to and engagement with the Military Health System 

There is an abundance of literature examining associations between medical and dental 
preventive health and access, help-seeking, or engaging with the health system. Healthcare 
models such as the patient-centered medical home may be leveraged to provide vital timely 
access and continuity of care to medical treatment and preventive services within military 
medical treatment facilities in support of Service member medical readiness (Taylor-Clark et al. 
2023). However, at least one study suggests there remains work to be done in terms of ensuring 
that military personnel and their beneficiaries have timely access to care within the patient-
centered medical home model in the Military Health System, as access to medical appointments 
within the 24-hour requirement fell outside of the benchmark standard set by the Military 
Health System—delays that could hinder Service member medical readiness (Tanekkia et al. 
2023). Access to and provision of care by civilian sector medical services has been suggested to 
be a means by which to improve Service member physical and mental health outcomes, 
particularly given that access these providers may be more readily available and not carry with 
it concerns about reprisal for seeking care (Waitzkin et al. 2018). Nevertheless, evidence 
suggests that medical treatment facility beneficiaries have better inpatient quality of care and 
safety as compared with civilian treatment facilities, highlighting the importance of access to 
the Military Health System for ensuring the health and readiness of Service members and their 
families (Zogg et al., 2021). Telehealth has been shown to be an important means to improve 
Service member access to care, particularly in deployed environments where rapid access to 
healthcare may be limited, and allows hands-on care under remote supervision, expanding this 
capability (Madsen, Poropatich, and Kehlmoos. 2023). Importantly, patient perception to access 
to care has been positively correlated with patient satisfaction and better mental health status 
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in Service members, while mistrust of the medical system may adversely influence Service 
member self-reported health status (Moore et al. 2013). 

While untreated dental issues can result in lost days during deployment and even the need for 
medical evacuation (Sauvet et al. 2009), active-duty Service members are more likely to have 
preventive dental care compared to recent veterans and the general population, likely owing to 
the provision of universal military dental care (Wiener et al. 2014). New recruits, however, have 
greater dental needs than active-duty Service members, as suggested by a 2008 Department of 
Defense Recruit Oral Health Survey in which more than half of incoming recruits were classified 
as being non-deployable based on dental readiness, with the majority perceiving the need for 
dental care but not receiving it due to the expense (Leiendecker et al. 2011).  

Vaccine hesitancy and engagement with the Military Health System 

Immunization is an important aspect of medical and dental preventive health that may 
influence how Service members interact with the military health system. Even prior to the 
COVID-19 pandemic, hesitancy and negative perceptions of vaccines existed in the military. This 
was suggested by a 2011 study of U.S. Service members, which reported that 20% of 
respondents would decline pre-deployment vaccines if they could (Polak et al. 2011). Vaccine 
hesitancy in the U.S. Military population seems to be driven largely by concerns with vaccine 
safety and efficacy (Batie et al. 2023; Polak et al. 2011; Porter et al. 2013; Theis et al. 2022), 
although these perceptions may differ by vaccine-preventable disease, as self-reported 
endorsement of at least one dose of HPV vaccine in a sample of U.S. Navy personnel was higher 
than that of the general population (Buechel and Connelly 2018). Vaccine endorsement and 
hesitancy have also been shown to differ between officers and enlisted personnel, suggesting 
that education may play a role in vaccine perceptions (Porter et al. 2020). This is further 
supported by surveys of active-duty Service members, where lack of knowledge surrounding 
both the HPV vaccine as well as HPV itself were associated with vaccine hesitancy (Halista et al. 
2020; Porter et al. 2020; Ward et al. 2023). Evidence suggests that educational interventions to 
increase Service member knowledge about vaccine efficacy and safety may help combat 
misinformation and support readiness (Batie et al. 2023; Porter et al. 2020; Ward et al. 2023).  

Female Service member health, access to medical care, and engagement with the Military 
Health System 

Women's health issues, including unintended pregnancy, may substantially impact Service 
member health, well-being, and readiness (Witkop et al. 2023), but access to family planning 
and reproductive healthcare services for those of reproductive age may be inconsistent (Carty 
et al. 2019; Heitmann et al. 2017). For example, provider training on long-acting reversible 
contraceptives versus self-administered contraceptives may vary (Deans et al. 2019; Heitmann 
et al. 2017), despite increasing use by active-duty Servicewomen (Lotridge et al. 2021). 
Enhanced provider education targeting efficacy-based counseling, identification of barriers to 
access, and provision of multiple contraception choices is needed to reduce these barriers 
(Deans et al. 2019; Seymour et al. 2019).  
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Women’s health during deployment is particularly important, as Servicewomen may have 
unique health needs in austere environments (Trego et al. 2018). For example, a large 
proportion of women demonstrate an interest in menstrual suppression during deployment or 
training (Phillips and Lynn 2022; Ricker et al. 2021). However, there may be barriers to the 
provision of this care for some Servicewomen (Seymour et al. 2021), including physician 
deployment experience, knowledge, personal biases, and lack of research (Phillips and Lynn 
2022), demonstrating the need for consistent, standardized, and evidence-based pre-
deployment processes and expanded resources in deployed environments for Servicewomen 
(de Kanter et al. 2019).  

Medical and dental preventive health and quality of life 

Medical and dental preventive health can impact Service members’ general quality of life. 
Programs such as the Diabetes Prevention Program may improve not only physical health but 
also quality of life (Kramer et al. 2023), and hearing protection use may prevent the 
development of lifelong hearing problems and disabilities (Henry et al. 2019). Finally, survey 
tools such as the oral-health related quality of life may improve understanding of the 
connection between medical and dental prevention practices and quality of life (Crocombe and 
Mahoney 2016; Spalj et al. 2012).  

Nutritional Health and Community and Family Readiness 

Studies suggest that improving access to high quality, nutritious foods may improve Service 
member diet quality, satisfaction with dining facilities, and feelings of self-efficacy in terms of 
nutrition. 

Nutrition Programs in the Military 
 
mNEAT 
Since 2011, the military nutrition environment assessment tool (mNEAT) has been available as 
a standardized DoD tool to evaluate the food environment of military installations across nine 
food venue types and three key categories (food policy, food availability, and behavioral 
design) (https://www.hprc-online.org/nutrition/mne/prep/evolution-and-impact-mneat).  
 
Go for Green® 
Per policies, military dining facilities use a color-coded nutrition labeling program such as Go 
for Green® (G4G) to support human performance optimization. G4G includes strategies to 
increase access, availability, and awareness of nutritious “Green” menu items that contribute 
to health, performance, and readiness (https://www.hprc-online.org/nutrition/go-green). 
 
 

https://www.hprc-online.org/nutrition/mne/prep/evolution-and-impact-mneat
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Food insecurity and community and family readiness 

Research shows that about 26% of military personnel report food insecurity and that the 
percentage of Service members reporting food insecurity was almost three times greater than 
comparable civilians (Asch et al. 2023). Service members at greatest risk for food insecurity 
include enlisted personnel with paygrades of E4 to E6 (Asch et al. 2023) and single-parent or 
dual-parent households with a greater number of children (Wax and Stankorb 2016). 

Dining facilities and access to high quality nutrition on military installations 

Evidence suggests that improving the quality of foods offered at military dining facilities can 
help to ensure Service members in installation communities have access to healthy, nutritious 
foods and may improve their perceptions regarding the feasibility of healthy eating (Crombie et 
al 2013; Belanger and Kwan 2016; Cole et al. 2018; Chuckwura et al. 2019). Moreover, in studies 
of military dining facilities in which menu standards were changed to improve food quality, 
Service members were more likely to consume fewer calories and fats while increasing their 
intake of fruits, vegetables, and protein as a percentage of their total caloric intake and were 
more likely to report satisfaction with the dining facility offerings (Crombie et al. 2013; Belanger 
and Kwan 2016; Cole et al. 2018). In studies of installation nutrition environments, increased 
access to fast food restaurants and vending machines was associated with lower quality dietary 
patterns, with study respondents noting that limited nutrition options in many military work 
environments made eating healthy seem unrealistic (Chuckwura et al. 2019). 

Physical Fitness and Community and Family Readiness 

Evidence shows that leadership can provide a culture that embraces physical fitness. 

Leadership and a culture of physical fitness 

While evidence is lacking regarding the influence of physical fitness on leadership, leadership 
promotion of a culture of fitness may improve fitness-related outcomes such as military fitness 
test performance (Anderson et al. 2017; Matthews et al. 2022), and may be accomplished 
through encouraging activities such as individual physical training and supporting physical 
training during the workday (Anderson et al. 2017; Matthews et al. 2022).  

Psychological Health and Community and Family Readiness 

Psychological health is an important factor in leadership and quality of life, highlighting the 
value of help-seeking and engaging with the military health system. 

Psychological health and leadership 

Psychological health may be particularly important for leaders, who have the added stress of 
ensuring both mission success and the readiness and well-being of subordinates. Evidence 
suggests training to improve psychological health, such as mindfulness training, may have a 
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positive effect on leaders’ transformational leadership behaviors, resilience, and perceived 
effectiveness (Ihme and Sundstrom 2021). However, a high degree of job stress may degrade 
subordinates’ perceptions about the abilities of supervisors and commanders, highlighting the 
importance of implementing approaches to manage such stressors for the mental health of 
both leaders and their subordinates (Pflanz and Ogle 2006).  

Research suggests that positive military experiences, including social support and cohesion 
before deployment can play an important role in predicting positive affect, with the 
establishment of trust, support, pride, and belonging being an important foundation that helps 
Service members thrive and feel part of their larger mission and purpose (Maguen et al. 2008). 
Perceived cohesion may be indicative of Service members’ awareness of mental health in others 
and a willingness to discuss mental health matters (Jones et al. 2018). Interpersonal 
relationships, particularly with supervisors, and unit support may be important for psychological 
well-being and possibly even mitigation of PTSD severity (Brooks and Greenberg 2018; Geuzinge 
et al. 2020; Zang et al. 2017). Conversely, poor leadership and low cohesion may serve as 
barriers to care by increasing stigma (Jones et al. 2018), particularly regarding the perception of 
seeking mental health services (Warner et al. 2008), and destructive leadership may adversely 
impact leadership performance, as well as subordinate behavior, health, and wellbeing (Fosse et 
al. 2019). 

Psychological health and help-seeking behaviors, facilitators, and barriers 

Help-seeking and engagement with the medical system are important for psychological health, 
and most military personnel believe that behavioral health treatment is effective, with Service 
members reporting they would respond truthfully to behavioral health screening (Bogaers et al. 
2022; Warner et al. 2008). This suggests attitudes towards mental health care may have 
changed over time. In a 2004 study of Service members deployed to Afghanistan, of the 16% 
meeting screening criteria for a mental illness, only between 38% and 45% indicated an interest 
in receiving help, and only 23% to 40% reported having received professional help (Hoge et al. 
2004); however, in a 2008 study, nearly two-thirds of Soldier participants reported they would 
seek mental health care if they thought they had a problem (Warner et al. 2008). However, 
there remain barriers to care, such as the preference for handling problems oneself, differential 
treatment stigma, negative perceptions and beliefs about medication, and practice barriers 
(Britt et al. 2020; McLean et al. 2022; Zinzow et al. 2015). Those with a history of emotional 
trauma and parental absence or separation or sexual trauma and PTSD were less likely to seek 
help (Duncan et al. 2020). On the other hand, there are some facilitators to help-seeking for 
mental health, such as unit cohesion, a prior history of seeking help, and a larger social network, 
representing important intersections between psychological, medical, and social health (Duncan 
et al. 2020; Jones et al. 2018).  

Psychological health and quality of life 

Psychological health may also influence overall quality of life, as demonstrated in a study in 
which depression modified the relationship between military service and life satisfaction 
(Britton et al. 2012). Quality of life is an important consideration for Service members, as it may 
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modify the relationship between adverse experiences such as recalled childhood ADHD 
symptoms or diagnosis and suicide ideation, self-harm, and suicide attempts (Tai and Gau 2017). 
Thus, identifying and addressing factors that influence Service member quality of life may 
promote better mental health outcomes in this population. Among such factors, PTSD stands 
out, given research suggesting that PTSD diagnosis may adversely impact health-related quality 
of life and may be predicated by the types of injuries sustained by Service members, such as TBI, 
which may increase risk for subsequent PTSD diagnosis (McCabe et al. 2021). Sexual trauma can 
significantly increase the risk for PTSD symptoms and/or diagnosis, as well as symptoms such as 
chronic pain, depression, and sleep difficulties affecting quality of life (Kelly et al. 2011).  

Social Health and Community and Family Readiness 

Social health may contribute to several community and family readiness factors including unit 
cohesion, leadership, satisfaction with the community, and risk for child mistreatment.  

Social health through cohesion  

Cohesion can manifest differently across military units, as units sharing similar MOS generally 
rely on professional competence for better cohesion outcomes, while those with varied 
occupations tend to place more emphasis on leadership, teamwork, and shared experiences. 
Moreover, the link between shared experiences and communication for the establishment of 
teamwork in these units indicates that communication has social-affective importance through 
recognition of similarity, highlighting the vital nature of communication in unit cohesion and the 
need to foster this skill, as cohesion can buffer the effects of combat stress, PTSD, depressive 
symptoms, and suicide ideation (Anderson et al. 2019; Campbell-Sills et al. 2022; Dempsey et al. 
2021; McAndrew et al. 2017; Reed-Fitzke and Lucier-Greer 2020). Furthermore, unit cohesion 
may be associated with agency and life satisfaction (Gutierrez and Adler 2022). Leaders who 
foster skills that support and enhance unit cohesion are especially important for female Service 
members, who may report lower levels of unit cohesion and self-efficacy, as suggested in a 
study of more than 24,000 male and female U.S. Air Force personnel (Welsh et al. 2019). 
Furthermore, active efforts by military leadership and programs to build relationships between 
withdrawn or alienated Service members and others in their unit can serve to increase 
perceived unit cohesion, potentially reducing trauma, depression, and anxiety symptoms (Grady 
et al. 2018; Holliday et al. 2022). 

Social health and leadership 

A Service member’s social support system is integral to their well-being and can influence their 
occupational performance. Social and interpersonal support within the workplace facilitated 
through positive relationships with colleagues and leaders may significantly influence 
occupational well-being and performance and may be particularly important for younger 
generations of Service members (Brooks and Greenberg 2018; Smaliukiene and Bekesiene 
2020). Evidence suggests leadership is an important factor for social health and demonstrates 
leadership as a significant antecedent to cohesion (Fors Brandebo et al. 2022) through provision 
of meaning, difference moderation, and standard setting, which together define what it means 
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to be part of a team (Schilling 2022). High social support from unit leaders has been shown to 
moderate associations between depressive symptoms and negative deployment experiences 
and to increase satisfaction with the military in U.S. Air Force Service members (Welsh et al. 
2015), while destructive leadership may degrade job satisfaction and job performance (Fosse et 
al. 2019). Improved ratings of non-commissioned officer leadership have been positively 
associated with well-being, and changes in perceived organizational support may further 
improve agency and work effectiveness (Gutierrez and Adler 2022).  

Social health and the military community 

In addition to unit cohesion and leadership, the military community can impact Service 
members’ ability to cope with military culture and its demands, which may further influence 
both individual and military family well-being (Gribble et al. 2019; O'Neal et al. 2020). The 
military community is especially important to military spouses and children, and perceptions of 
military community connections may influence civilian spouses’ satisfaction with military life 
(O'Neal et al. 2020) and provide them with a sense of mastery and control in a constantly 
changing environment (Wang et al. 2015). Community support may also be associated with 
fewer child and parent psychosocial symptoms (Conforte et al. 2017).  
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General Population Research: Social Networks  

 
Social networks are defined as systems of family, friends, neighbors, coworkers, acquaintances, 
and other individuals in our lives; social network-based interventions rely on modifying social 
networks to effect positive changes in health (Hunter et al. 2019). A meta-analysis 
demonstrated that social-network interventions were effective for sexual health outcomes, 
alcohol misuse, well-being, change in hemoglobin A1c, and smoking cessation but found no 
effect for drug use (Hunter et al. 2019). While public health interventions often focus on 
targeting individual behavior, despite how strongly we are influenced by group behavior, the 
results of this meta-analysis indicate that altering social networks has the potential to improve 
individuals’ health behaviors (Hunter et al. 2019). 
A central concept to understanding social fitness is group cohesion, defined as a group’s unity 
and key to understanding how groups operate (Forsyth 2021). A literature review of general 
population studies on group cohesion highlights its power to facilitate group performance, its 
role in group psychotherapy outcomes, and the part it plays in group identity (Forsyth 2021). 
The author recommends that researchers clearly define group cohesion itself, distinguishing it 
from its causes and indicators, proposing the use of the Unitary Cohesion Index, which directly 
assesses group members’ perceptions of their group’s cohesion, differentiating between the 
defining conditions of cohesion and the causes of cohesion (Forsyth 2021). As humans are 
social animals, improving our research methodology for studying group cohesion will likely 
confer actionable insights for developing public health interventions. 
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Child maltreatment in the military setting 

While military children are resilient, they are also vulnerable. Frequent moves may build 
resilience, but combat deployments can increase the risk for abuse, neglect, attachment 
problems, and inadequate coping (Johnson and Ling, 2013). Evidence suggests that children 
with parents injured during military service may have decreased preventive care visits and 
increased rates of medical visits for injuries, maltreatment, mental health care, and psychiatric 
medication use (Hisle-Gorman et al. 2019). Healthcare professionals can support the physical 
and mental health of children by normalizing expectations and using the ICARE (Identify, 
Correlate, Ask, Ready Resources, Encourage) strategy to facilitate prevention and encourage 
early engagement with available resources (Johnson and Ling, 2013), to which increased access 
may help struggling military families (Sullivan et al. 2021).  

Spiritual Health and Community and Family Readiness 

Spiritual health may improve Service member overall quality of life. 

Quality of life 

Spiritual health is an important factor when considering overall quality of life. Spiritual well-
being is associated with lower PTSD symptoms (Wood et al. 2018). This relationship may also be 
bi-directional, as psychologically fit Service members report a stronger sense of purpose in life 
(Bufford et al. 2023). Leaders may also foster spiritual health through provision of a sense of 
purpose and meaning, which have been linked to lower levels of suicidal ideation (Trachik et al. 
2021). Veterans who find meaning and purpose through perceptions of positive public 
sentiment may also be at decreased risk for depression and increase self-efficacy and subjective 
life satisfaction (Markowitz et al. 2020). Chaplain-provided resources for spiritual health may 
improve Service member spirituality, resilience, family coping, marital satisfaction, and military 
satisfaction (Cafferky et al. 2017). 

Interaction of the Health and Fitness Domains and Community and Family 
Readiness 

Table 11. Health and Fitness Domains with Evidence Pertaining to Community and Family 
Readiness 

Outcome Interacting Domains Findings Reference 

Spousal Employment 
Environmental Health 

Financial Health 

Military spouses may have difficulty 
seeking and maintaining 
employment given the frequent 
changes of station common for 
military personnel. 

Cooke and Speirs 
2005 
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Financial Health 

Nutritional Health 

Interruptions in employment may 
increase food insecurity.  Rabbitt et al. 2022 

Financial Health 

Psychological Health 

Spouse unemployment may also 
increase risk for intimate partner 
violence. 

Newby et al. 2003 

Transition to Civilian Life 
Financial Health 

Psychological Health 

Veterans with service-related 
disability may experience greater 
financial distress, less life 
satisfaction, and poorer mental 
health as compared with their non-
disabled counterparts. 

Bond et al. 2022 

Health System 
Engagement 

Medical/Dental Health 

Financial Health 

Incoming recruits tend to have 
higher dental needs, with many 
perceiving the need for dental care 
but not receiving it due to the 
expense. 

Leiendecker et al. 
2011  

Increased knowledge and 
awareness of HPV and the HPV 
vaccines can reduce vaccine 
hesitancy among Service members. 

Batie et al. 2023; 
Porter et al. 2020; 
Ward et al. 2023 

Medical/Dental Health 

Social Health 

Psychological Health 

Children of parents injured during 
military service may have decreased 
preventive care visits and increased 
rates of medical visits for injuries, 
maltreatment, mental health care, 
and psychiatric medication use. 

Hisle-Gorman et 
al. 2019  

Quality of Life 

Medical/Dental Health 

Psychological Health 

Treatment for common 
dermatologic disorders may 
improve Service members’ body 
image, affecting quality of life and 
mental health. 

Brahe 2022  

Spiritual Health 

Psychological Health 

Spiritual well-being is associated 
with lower PTSD symptoms, and 
workplace spirituality is related to 
higher positive affectivity, 
resilience, self-efficacy, work 
engagement, and may reduce 
burnout. 

Dal Corso et al. 
2020; Wood et al. 
2018  

Community Support 
Psychological Health 

Social Health 

The military community can impact 
Service members’ ability to cope 
with military culture and its 
demands. Community support may 

Conforte et al. 
2017; Gribble et 
al. 2019; O'Neal 
et al. 2020  
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also be associated with fewer child 
and parent psychosocial symptoms. 

 

Leadership 
Psychological Health 

Social Health 

Mindfulness training may have a 
positive effect on leaders’ 
behaviors, resilience, and perceived 
effectiveness. Perceived cohesion 
may be indicative of Service 
members’ awareness of mental 
health in others and a willingness to 
discuss mental health matters, and 
interpersonal relationships, 
particularly with supervisors.  

Brooks and 
Greenberg, 2018; 
Geuzinge et al. 
2020; Ihme and 
Sundstrom, 2021; 
Jones et al. 2018  

Leadership 

Help-seeking behavior 

Psychological Health 

Social Health 

Medical/Dental Health 

Psychological Health 

Unit support may be important for 
well-being and possibly mitigation 
of PTSD severity. 

 Zang et al. 2017  

Improved ratings of NCO leadership 
have been positively associated 
with well-being. 

Gutierrez and 
Adler, 2022  

Those with a history of emotional 
trauma and parental absence or 
separation or sexual trauma and 
PTSD are less likely to seek help for 
PTSD. 

Duncan et al. 
2020  

Help-seeking behavior 

Agency and Life-
satisfaction 

Medical/Dental Health 

Psychological Health 

Social Health 

Unit cohesion and a larger social 
circle are associated with help-
seeking behavior.  

Duncan et al. 
2020; Jones et al. 
2018  

Psychological Health 

Social Health 

Unit cohesion and the need to 
foster this skill, as cohesion can 
buffer the effects of combat stress, 
PTSD, depressive symptoms, and 
suicide ideation. 

Anderson et al. 
2019; Campbell-
Sills et al. 2022; 
Dempsey et al. 
2021; Gutierrez 
and Adler 2022; 
McAndrew et al. 
2017; Reed-Fitzke 
and Lucier-Greer 
2020 

Gaps and Calls to Action in Community and Family Readiness 

While there is a growing body of literature exploring how various military community and 
family-related factors may influence Service member health, well-being, and readiness, there 
remain gaps in the understanding of how all domains of health and fitness may contribute to 
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the health of the military community and families as means by which to prevent adverse Service 
member outcomes. These gaps include— 

1. Environmental factors influencing community and family readiness. There is a lack of 
published, peer-reviewed literature examining how factors within the environmental 
domain, such as the built community, influence military communities and family well-being.  

2. Influence of behaviors, practices, and beliefs on military family readiness and well-being. 
There is a need for additional understanding of how different health factors may influence 
unhealthy relationship patterns in military communities and families, including domestic 
partner violence and child maltreatment and abuse. 

3. Factors that may improve unit cohesion. There is a need for further understanding of factors 
that may improve unit cohesion and how leaders may best leverage these factors, especially 
in instances where cohesion may have been degraded or nonexistent. 

4. Influence of social support and access to resources on community and family readiness. 
There is a need to better understand how access to resources and a strong social support 
network can improve family readiness. 

Conclusion 
Effective, holistic Force protection requires an evidence-based approach that is both proactive 
and broadly applicable to all branches of military service. The application of a multi-dimensional 
health and fitness framework to organize the contributions of all aspects of health and well-
being addresses this need by acknowledging the interrelated nature of modifiable factors that 
can be leveraged to bolster and support the readiness, health, and well-being of all Service 
members. Prior to this review, there had not been a comprehensive investigation of the 
scientific literature regarding how Service member health ans fitness-related behaviors, 
practices, and beliefs aligned with multiple domains may be related to military-relevant 
outcomes. The comprehensive synthesis of peer-reviewed scientific literature presented in this 
narrative literature review satisfies this gap and may serve as a foundational document 
supporting the application of health-aligned factors to Force protection programs, efforts, and 
policies. Perhaps most germane to this function, the scientific evidence included in this review 
identified various recurring key protective factors that crosscut the eight domains discussed in 
this review to influence multiple outcomes, provided in Table 12. 

Deficits in any one or more of the eight domains of health and fitness may substantially degrade 
the readiness of Service members and the communities in which they live and serve, owing to 
the interrelated nature of the domains and complexity of Service member readiness, health, 
and well-being. The associations of health-related behaviors, practices, and beliefs with military-
relevant outcomes discussed in this literature review provide empirical evidence of the need for 
a holistic approach as set forth by a multi-dimensional framework for health and fitness. 
Moreover, they highlight the importance of not only developing programs and other efforts 
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designed to collectively address Service member fitness across the eight domains, but also 
implementing standard practices and policies that ensure a holistic, multi-dimensional 
framework is used to guide the development of such efforts. Finally, although the body of 
literature included in this review is substantial, it is not without gaps. Research is needed to 
address these remaining questions, many of which are identified and discussed within this 
literature review. Ongoing military research efforts, especially those centered on understanding 
factors that may protect or degrade Service member readiness, health, and well-being, may use 
this review to assess program alignment with this framework and to inform investigations 
relevant to current Force protection and readiness needs. 
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Table 12. Key Protective Factors Spanning Multiple Outcomes and Domains of Health and Fitness 

Factor Interacting Domains Outcomes 

Effective acclimatization to extreme 
environments (e.g., heat, cold, high 
altitude) 

Environmental 

Medical and Dental Preventive 

Psychological 

Physical Performance 

● Preservation of cognitive and physical performance. 

● Preservation of mental and physical health (e.g., prevention of mood 
decrements, AMS, and EHI). 

● Improved physical and occupational performance while in extreme 
environments. 

PPE (e.g., HPD, ballistic eyewear, 
permethrin-treated uniforms) 
education/training and PPE use 

Environmental 

Medical and Dental Preventive 

Psychological 

Social 

● Preservation of physical health (e.g., injury, illness, and hearing loss 
prevention). 

● Preservation of mental health (e.g., prevention of hearing loss, preservation 
of quality of life). 

● Preserve occupational performance (e.g., prevention of hearing loss). 

● Supports military retention by preventing career-ending injuries. 

● Ensure Service members can transition to civilian life with no or few long-
term disabilities. 

Financial literacy 

Financial 

Psychological 

Social 

 

● Improved mental health outcomes. 

● Improved quality of life and military satisfaction. 

● Improved nutrition and decreased risk for food insecurity. 

● Leverage point for suicide prevention. 

● Supports military retention efforts. 

● Key factor for predicting successful transition to civilian life. 
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Medical and Dental provider 
education 

Medical and Dental Preventive 

Physical 

Psychological 

● Increase Service member engagement with healthcare system. 

● Decreases barriers to accessing care and ensures timely and effective 
preventive care and treatment. 

● Decrease provider misconceptions or biases. 

● Increases deployability and decreases need for medical waivers. 

● Decreases risk for medical evacuation while in-theater. 

● Supports military retention efforts.  

Service member education and 
training about disease risk and 
prevention strategies 

Environmental 

Medical and Dental Preventive 

Physical 

Social 

● Decreases Service member misconceptions, biases, and stigmas (e.g., 
screening exams, immunizations). 

● Increases willingness to participate in screening (e.g., prostate) and uptake 
of immunizations, especially those not mandated by policy (e.g., HPV). 

● Increase willingness to encourage others in social and family circles to 
receive screenings or other preventive healthcare. 

● Preserves physical health. 

● Increases readiness. 

● Supports military retention efforts. 

Help-seeking, to include 
engagement with military 
healthcare system 

Financial 

Medical and Dental Preventive 

Physical 

Psychological 

Social 

● Supports physical health.  

● Provides opportunities for healthcare providers to identify those with 
financial needs such as food insecurity. 

● Provides healthcare providers opportunities to provide support in cases of 
child maltreatment or other military family needs. 
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● Supports psychological health through opportunities for substance use 
intervention or provision of healthcare that can improve mental health 
outcomes. 

Tobacco use cessation and 
prevention 

Environmental 

Financial 

Medical and Dental Preventive 

Physical 

Psychological 

● Decrease injury risk. 

● Improve likelihood of recovery and return to duty after injury. 

● Supports financial health. 

● Supports better behavioral health. 

● Improved ability to acclimatize and perform in extreme environments. 

● Improved physical and occupational performance. 

● Supports long-term health, even after transition to civilian life. 

Healthy dietary patterns and eating 
behaviors (e.g., consuming high 
quality diet and eating breakfast) 

Medical and Dental Preventive 

Physical 

Psychological 

● Supports ideal Service member body composition and ability to meet 
military body composition standards. 

● Supports rigorous military physical training requirements. 

● Supports physical and occupational task performance. 

● Prevention of chronic diseases. 

● Decreased risk of injury (e.g., improved fitness and adequate macro- and 
micronutrient intake to support muscle development and skeletal strength). 

● Supports military retention efforts through injury risk reduction. 

Physical fitness components (e.g., 
CRF, muscular endurance and 
strength, power, agility) 

Environmental 

Medical and Dental 

Physical 

● Support physical and occupational task performance. 

● Supports ability to acclimatize to extreme climates and reduces risk for EHI, 
AMS. 



154 

Psychological ● Supports physical and psychological resilience. 

● Reduces injury and chronic disease risk. 

● Supports military retention efforts. 

Physical activity participation and 
leisure time physical activities (e.g., 
sports participation) 

Physical  

Psychological 

Social 

● Supports physical health and fitness. 

● Supports physical performance. 

● Supports development of social connections. 

● Can act as healthy psychological stress coping mechanism. 

● Supports better mood and decreased symptoms associated with 
depression, anxiety, and PTSD. 

Behavioral health 

Environmental 

Financial 

Medical and Dental Preventive 

Nutritional 

Physical 

Psychological 

Social 

Spiritual 

● Contributes to fitness in each of the remaining seven Health and Fitness 
domains. 

● Many relationships with behavioral health are reciprocal in nature (e.g., 
behavioral health supports participation in physical activity and 
participation in physical activity supports behavioral health). 

● Supports uptake and practice of many health behaviors. 

● Supports development and interaction with social networks. 

● Supports feelings of inclusion, meaning, and sense of purpose. 

Psychological resilience 
Physical 

Psychological 

● Supported by grit and mental toughness; supports successful completion of 
rigorous military training and missions. 
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Spiritual ● Can buffer against the development of mental illness (e.g., PTSD) following 
traumatic experiences. 

● Can buffer against development of moral injury. 

Social networks 

Medical and Dental Preventive 

Physical 

Psychological 

Social 

Spiritual 

● Can play an integral part in determining which healthy behaviors Service 
members adopt and practice. 

● Can serve as key facilitators (or barriers) to the uptake of modifiable health 
behaviors. 

● Can decrease risk for suicidal behavior. 

● Can support unit cohesion. 

Social connectedness 

Psychological 

Social 

Spiritual 

● Supports physical and behavioral health. 

● Possibly a key leverage point for suicide prevention. 

● Can act as a buffer against the effects of traumatic experiences, such as 
those experienced during combat. 

Strong, supportive leadership 

Medical and Dental Preventive 

Physical 

Psychological 

Social 

● Increases Service member motivation. 

● Buffers against feelings of burnout and emotional exhaustion. 

● Improve social connectedness and feelings of inclusion. 

● Improves and supports unit cohesion. 

● Can decrease suicide risk. 

● Supports uptake and practice of healthy behaviors, including engagement of 
healthcare system and other help-seeking behaviors. 

Feelings of meaning and purpose Psychological ● Often fostered through both social connectedness and spirituality/ideology. 
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Social  

Spiritual 

● Acts as powerful factor in support of Service member resilience and may 
serve as a buffer against the psychological and physical sequelae associated 
with burnout, emotional exhaustion, and traumatic experiences. 
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