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Objectives
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Discuss the concepts critical to the whole 
warrior the whole life

Identify factors that are critical to 
understanding the maladaptive phenotype

Discuss concepts critical to promoting 
health and adaption

Caveat: Many of the lessons come 
different groups

Let’s cross worlds-we shall go  in and out 
of the military and sports
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Your lifespan is the number 
of years you live, or 
quantity. Your healthspan is 
the quality of those years.

Healthspan versus Lifespan

Garmany et al Nature2021

JoySpan-T Mayer
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SOF and the Extremes

1 percent of the 1 
percent

Extremophiles with 
extreme exposure
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Age matters in almost everything! Less than 55?

6
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•Largest, ongoing, prospective, 
longitudinal study of military 
service and combat exposure

•Big data analyses across DoD 
to VA to Civilian sources

•Military concussion focus 

•Blast and toxic exposure risks

•Dementia risk assessments

•Suicide and mental health 
factors

•Seizure risks

•Neuroimaging assessments

•Fluid biomarker assessments

•Genomic assessments

•Electrophysiology assessments

•Lifestyle choice and 
modification assessments

•Health disparity analyses

•Long-COVID impacts

 

11 YEARS OF 
COLLABORATION 300+ PUBLICATIONS

ADDITIONAL 
GRANTS

$127 million

18 12 ACTIVE STUDIES

User Friendly Knowledge 
Translation Center

23 Research Sites with 
3,000+ Participants 
assessed annually in 
Prospective Longitudinal 
Cohort.

2.5 million
Unique Participants’ 

Mega-Database 
analyzed with AI

LIMBIC-CENC: Serving America’s Heroes

LIMBIC 2013-2023: 100+ researchers; 19 States, 16 Universities, 15 VAMCs and 9 DoD facilities – www.limbic-cenc.org

12 COMPLETED 
STUDIES

100 Researchers

Largest contributor 
of data to FITBIR
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Creating more health span: when we know better we do 
better – Targeted therapies and Mitigatory

BP control *

Sleep

Belief and social engagement*

Aerobic activity*

Diet *

Pain Control

Learning new things

Stress adaption- all humans need a parasympathetic moment

Targets*



Lets evaluate the gordian knot of warriors
Links to Chronic Disease in the 1% of the 1%

Military and Civilian
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Men’s health (Testosterone, etc.)

Heart and vascular healthHeart and vascular health

Cognitive dysfunction 
and decline

Frame work: Whole Warrior-Whole Life

Social determinants of health (Impactful across the ENTIRE lifespan) 
-Socioeconomic status, experiences with racism, diet, exercise, financial security, smoking and alcohol use, personal network

Early Life 

Brain and mental health

Musculoskeletal Health

Sleep Quality

Cardiovascular 
dysfunction and 

decline

Chronic Pain &
Disability
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Early cardiovascular, metabolic and musculoskeletal disease

How do we understand the fact that elite athletes with superior fitness in their youth may suffer from conditions associated with advanced 
age in their 40s, 50s and 60s? 

• Is football wearing these men out early, a “weathering” with consequences that set them on an alternate trajectory of frailty and 
old age?--- A Path to Health span

Grashow et al BJSM 2023Age

C
li
n

ic
a

l 
m

a
n

if
e
s

ta
ti

o
n

s
 o

f 

p
a

th
o

lo
g

y

Normal aging
Aging after multiple insults

Head injury

Obesity

Sleep apnea

Depression

Hypertension

Clinical threshold

Pain

Cardiovascular risk

Racism

Multiple insults may accelerate the aging process
Why?



Factors



Repeated brain injury is not good
Links to neurodegenerative disease
Football and the military are not the same
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Risk trends of psychiatric and neurological comorbidities 
following concussion by age

Adjusted for sex and race

Wow

Izzy et al 2021



17

Time-to-event for other comorbidities post-concussion

Adjusted for age, sex and race

Depression Sleep disorder Anxiety disorder

Izzy et al 2021
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How can this help
Isolation not so good 

The Personal Network Study

Dhand A et al. Sci Reports 2021
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Weight Gain  (Churchill et. al. Am J Med, 2018)

Average weight gain from 
high school to time of 
survey was 40 pounds
• Significantly elevated odds of 

cardiometabolic disease, sleep 
apnea and chronic pain: HS to 
College 

• Significantly elevated odds of 
cardiovascular disease, 
cardiometabolic disease, sleep 
apnea and neurocognitive 
impairment: College to Pro

Weight Trajectories of Former Players



Interventions for the now
Candidates and Targets
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Tan et al

PRESS
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Common Theme
Excessive Inflammation

Inflamm aging 
Pro-inflammatory Life

The new

“Villains”

Chronic Stress : Lifestyle

Can we help?

Passive and 
Active

Epigenetic 
clock and 

multiomics
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Effect of Stress-Related Neural Pathways on the Cardiovascular 
Benefit of Physical Activity

People with depression had larger reductions in cardiovascular 
disease risk from physical activity than those without depression 

Even greater reductions if they exercised for more than the 

recommended 150 weekly minutes.

Exercise acts via the stress brain 
mechanism!

Zureigat et al J American College of Cardiology 2024
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Kuro-O et al, Nature 1997

Wild type Klotho
mutant

Klotho as a candidate biomarker

Muscle Brain Axis

Exercise  Increases 
Klotho and Changes 

TREM2
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Microbiota interactions with multiple 
factors can affect cardiovascular disease
• Stress (vagal nerve)
• Diet (fiber, cholesterol, salt, TMA)
• Inflammation (IL-17, INFg, TNFa)
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Microbiota-Gut Brain and Behavior Interactions

Collins et al., Nat Rev Microbiol, 2012

1. Bacteria can induce our 
gut cells to make 
neurotransmitters

1

2. Bacteria can produce 
neurotransmitters

2

3. Microbiota modulate 
immune cells which migrate 
to the brain

3

4. Microbiota signal through 
the vagus nerve to affect 
pain responses and anxiety

4

5. Brain → microbes via the 
adrenergic nerve

5

Low Omega-3- 
Walter Reed data



28

Placebo/ Nocebo is not equivalent to nothing:
 More than anoying!

Placebo/ 
Nocebo

Have we been biased?

What we perceive  is not what the world really is 
-Ongaro and Kaptchuck2018

Bayesian
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Expectations: nocebos in the lab

Nocebo nebs in asthmatics cause 
asthma attacks (Luparello 1968).

Nocebo injections cause food 
allergy sx (Jewett 1990). 

Induce HA pain in college students (Schweiger 1981). 

Induced non-specific symptoms through suggestion or demonstration 
(Papoiu 2011; Lorber 2007; Mazzoni 2010) 

Adverse effects to placebo occur in ~20-25% of subject (Barsky 2002). 

Increased rates with warning (Barsky 2002; Mondaini 2007). 

Symptoms mimic the adverse effect profile of active drugs (Rief 2009; Amanzio 2009). 



30

30



31

Effect of interventions on Alzheimers patients

Isaacson et al. (2019) recruited 
clinical and pre-clinical Alzheimers 
patients
• Preclinical patients received 

“prevention” treatment
• Clinical patients received “early 

treatment”
• Interventions included medication, 

vitamins, exercise, nutrition, sleep, 
cognitive training, stress reduction

• Followed every 6 months
Controls
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Conclusions

• Brain injury may increase risk of  
medical and behavioral health 
problems as well as ND/ CTE 
pathology disease

• A complicated maladaptive 
phenotype may exist in some  
persons- we can attack now!!!

• The directionality may go multiple 
ways and maladaptive early aging 
may be occurring

• Healthspan counts! Treat Now 
and Target For Later

Medicine is the most human of the sciences and the most 
scientific of the humanities –H. Taylor, MD, MPH

What is 
needed?
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