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Learning Objectives

At the conclusion of this webinar, attendees will be able to:

1. Describe the gut-brain axis and biological pathways through
which the gut microbiome may influence physical and mental
health.

2. ldentify factors that can influence the gut microbiome, including
diet, medications, environmental and occupational exposures, social
determinants of health, and military-related experiences.

3. Evaluate current evidence linking the gut microbiome and with
mental and neurological health outcomes

4, Discuss the emerging potential of microbiome-targeted
interventions.
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What is a microbe? Cell Host & Microbe

The Landscape of Genetic Content in the Gut and
FOUNDATIONS Oral Human Microbiome

. * Graphical Abstract Authors
Bacteria

Braden T. Tierney, Zhen Yang,

1473 oral Jacob M. Luber, ...,

B g X metagenomes = 50% sample Eleanor Mehlenbacher, Chirag J. Patel,
‘} 2oy g = non-specific Aleksandar D. Kostic
Archaea 10% ‘g =
v *2,182 gut — Correspondence
. . H Ay k. metagenomes —— 50% 5 Chirag_Patel@hms.harvard.edu (C.J.P.),
u 1m w . == sample-specific | Ajeksandar.Kostic@
u n I l I I CO I O l I I e e 8 + 46 million — singletons joslin.harvard.edu (A.D.K.)
s genes —
HOW YOUR BODY'S \ .
- MICROBES HOLD B Ty Singleton In Brief
P rOtIStS FHE KEY TO HEALTH S enrg:hed _.-~"| Tierney et al. presents a meta-analysis of
AND HAPPINESS strains/functions B o - metagenomes covering 3,655 samples
from two body sites. They identify
_V_’ .
. 45,666,334 non-redundant genes in the
Substantial, g

Genes

unobserved, human oral and gut microbiome, and half

genetic of every person’s microbial gene content

L] L ] .
Viruses (virome) >
" diversity is completely unique. These rare genes,
Nor_l-SIngIeton Non-singletons denotes singletons, predominantly arise
a e S en”phed : from extremely rare microbial strains.
strains/functions Samples
Mi ic Animal

The Human Genome Project estimated that humans have

between 20,000 and 25,000 genes. Every person has two copies of each gene,
one inherited from each parent. Most genes are the same in all people, but a small
number of genes (less than 1 percent of the total) are slightly different between
people.




Human Microbiome
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Understanding Microbiome Research

Microbial Diversity and Dysbiosis
FOUNDATIONS

Alpha Diversity Beta Diversity Dysbiosis

Differences between samples

Diversity within a sample Disrupted microbial community

Sample A Sample B Balanced community Disrupted community
One sample
Richness: number of distinct taxa Comparison of microbial community composition Altered compasition and community structure
Conceptual Terms Operational Definitions

Alpha Diversity A measure in microbial ecology of “species” diversity, specifically, the

(a-Diversity) diversity within a sample. For example, one measure of a-diversity,
observed species (or observed OTUs [operational taxonomic units]),
simply reflects the number of different OTUs present in the sample, a
measure of species richness in the sample.

Beta Diversity A measure in microbial ecology of species diversity, specifically, the
(B-Diversity) diversity between samples.

Dysbiosis Disruption of the gut microbial diversity and community structure,
typically due to reductions in beneficial bacteria and overgrowth of
harmful bacteria, yeast, and or parasites.

“HEALTH
PROMOTING”

“DISEASE
versus

PREDISPOSING”

A primer on human microbiome studies for non-
biologists

A Military and Veteran Microbiome Consortium for Research
and Education (MVM-CoRE) Product

Andrew Hoisington
MVM-CoRE Associate Director

Adjunct Associate Professor, Air Force Institute of Technology

Associate Professor, University of Colorado Anschutz School of Medicine

Rocky Mountain Mental Iliness Research Education and Clinical Center for Suicide Prevention MR EC ¢
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Understanding Microbiome Research Cont.

FOUNDATIONS o Who is there? o How do we group them? e How precise is it?
Compare microbial DNA with a reference Organize similar DNA sequences We can often identify the broader group,
but closely related species can be difficult

database to identify bacteria or fungi. into groups.
to distinguish.
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Taxonomic Classification

Broad to
spacific

Phylum

Imagine sorting photographs from a large family reunion.
People with similar features are grouped together—each
group is like an OTU. We then compare the photographs
with a labeled family album to help identify who is
represented. Sometimes we can recognize the family

without identifying the individual.
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From Microbial Composition to Functional Potential
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Sequences DNA across the microbial community
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Profiles bacteria and archaea

,Q p Can improve species and strain resolution
:’1 Often resolves taxa to the genus level ¢ Identifies genes and metabolic pathways
@ Limited direct information on functional genes Ogo Characterizes microbial functional potential

At a family reunion, short-read 16S sequencing is like
recognizing family resemblance. Shotgun metagenomics
v adds detailed biographies, helping identify individual
relatives and learn about their potential skills.




Microbial Produced Metabolites
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SCFAs are short-chain fatty acids—small molecules made when gut bacteria
break down dietary fiber.



Why microbial exposure matters for immunoregulation

MICROBIOME DRIVERS
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Revised from Rook GA, Raison CL, Lowry CA. Microbial 'old friends', immunoregulation and socioeconomic status. Clin Exp Immunol. 2014;177(1):1-12.




Microbial Connections to Environment
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FIG 1 Microbiome transfer between environments and modes of transfer.
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Microbiome Interconnectedness throughout
Environments with Major Consequences for Healthy
People and a Healthy Planet
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Educating our Inmune System: Trend Toward Urbanization
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Microbiome and urbanization

MICROBIOME DRIVERS

RESEARCH ARTICLE
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Microbiome and urbanization

continued
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(A) Principal coordinates analysis (PCoA) of the seven collapsed samples for
each home shows tight clustering of the samples by community (P < 0.01,
analysis of similarities). Point size shows the a diversity level, measured as
phylogenetic diversity (PD) (smallest, <150; largest, >250).
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(C) Top 20 feature taxa of high relative abundance (>0.1%) that allowed for
correct prediction of a sample’s source community; these include taxa
commonly associated with humans (for example, Streptococcaceae,
Lactobacillaceae, and Pseudomonadaceae) (shown in red hues) and taxa
commonly associated with the environment (for example, Intrasporangiaceae
and Rhodobacteraceae) (shown in blue hues). Taxa shown in the literature to
be associated with both the environment and the human body are shown in
green hues.




Microbiome from early exposure
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Biodiversity and Inflammatory Diseases

INFLAMMATION LINKS
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Figure 1

Two global megatrends in biodiversity and public health. (a) Declining biodiversity (percentage change)
since 1970 as measured by two indices. WPSI=Waterbird Population Status Index; LPI=Living Planet Index
[14]. (b) Increasing trends in the prevalence of inflammatory civilization diseases, asthma and allergic rhinitis
among military conscripts in 1966-2003 [165] as an example (modified from ref. [14]).




Farm Microbiome
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The NEW ENGLAND
JOURNAL o MEDICINE

AUGUST 4, 2016

Innate Immunity and Asthma Risk in Amish and Hutterite
Farm Children

e Igartua, B.S., Vadim Pivniouk, Ph.D.,
o5, B.S., Rebecca L. Anderson, M.S.,
Ph.D., Jack A. Gilbert, Ph.D.,

M.D., Erika von Mutius, M.D.,

Amish and Hutterite children, the prevalence of asthma
and allergic sensitization was 4 and 6 times as low in
the Amish

Median endotoxin levels in Amish house dust was 6.8
times as high.

Differences in microbial composition were also
observed in dust samples from Amish and Hutterite
homes.

Profound differences in the proportions, phenotypes,
and functions of innate immune cells were also found
between the two groups of children.




The microbiome is shaped across the life course
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The Increasing Incidence of Immunoregulatory Disorders
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Mechanisms of Disease

The New England Journal of Medicine

THE EFFECT OF INFECTIONS
ON SUSCEPTIBILITY TO AUTOIMMUNE
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Figure 1. Inverse Relation between the Incidence of Prototypical Infectious Diseases (Panel A) and the Incidence of
Immune Disorders (Panel B) from 1950 to 2000.

In Panel A, data concerning infectious diseases are derived from reports of the Centers for Disease Control and Pre-
vention, except for the data on hepatitis A, which are derived from Joussemet et al.”? In Panel B, data on immune dis-
orders are derived from Swarbrick et al.,’® Dubois et al.,”» Tuomilehto et al.,** and Pugliatti et al.’s




The Microbiome is Shaped Across the Lifecourse
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Inflammation Connects Many Signature Military Health

Neurosci. Bull. September, 2020, 36(9):1071-1084 e Www.neuresci.cn
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MENTAL HEALTH EVIDENCE

Inflammation in Mental Disorders: Is the Microbiota the Missing
Link?
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Lifetime History of TBI in Active Duty Soldiers Returning
from Deployment (OEF/OIF) CDMRP
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Characterization of Lifetime TBIs in a Cohort of Recently Deployed
Soldiers: The Warrior Strong Study
Lisa M. Betthauser Rachel Sayko Adams
WA Rocky Mountain Mental Ulness Research Education and Brandeis University and %A Rocky Mountain Meatal liness
Clinical Center. Aurora, Colorade. and University of Colorado, Research Education and Clinical Center, Aurora, Colorado
Anschuiz Medical Campus
Trisha A. Hostetter Ann L Scher
WA Rocky Mountain Mental liness Research Fducation and Uniformed Services University
Clinical Center, Aurora, Colorado
Karcn Schwab Lisa A. Brenner
The Defense and Veterans Brain Injury Center, Silver Spring, VA Rocky Mountain Mental incss Research Education and
Maryland. and Uniformed Services University Clinical Center, Aurora, Colorado, and University of Colorado,

Anschutz Medical Campus
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TBI Assessment vs. Injurv Date
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Inflammation Connects Many Signature
Military Health Concerns

MENTAL HEALTH EVIDENCE

The Marine Resiliency Study, a prospective study of
approximately 2,600 war zone—deployed Marines
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“Adjusting for the baseline CAPS score, trauma exposure, and other relevant covariates, we found baseline plasma CRP concentration to be a highly
significant overall predictor of post-deployment CAPS scores (p = 0.002).”

Eraly et al., 2014, JAMA Psychiatr, 71(4): 423-431




PTSD has also been linked with altered
immunoregulation
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Inflammation without Proper Immunoregulation
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A protective response can persist after it is needed.

Well-regulated inflammation Poorly regulated inflammation
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Ongoing inﬂ:m mation
can damage healthy tissue.

The response is controlled, then subsides as healing occurs. Signals that limit and resolve inflammation do not work effectively.

How might the gut microbiome help?
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)] 1; y Short-chain fatty acids can Helps limit passage of bacterial Microbial signals may help keep

influence immune responses. products into the body. inflammation balanced.




Trauma history may relate to microbial patterns
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The Microbiome in Posttraumatic Stress Disorder
and Trauma-Exposed Controls: An Exploratory Study

Sian M.J. Hemmings, PhD, Stefanie Malan-Miiller, PhD, Leigh L. van den Heuvel, MMed (Psych),
Brittany A. Demmitt, PhD, Maggie A. Stanislawski, PhD, David G. Smith, BS, Adam D. Bohr, PhD,
Christopher E. Stamper, MS, Embriette R. Hyde, PhD, James T. Morton, BS, Clarisse A. Marotz, MS,

Philip H. Siebler, BS, Maarten Braspenning, Ir, Wim Van Criekinge, PhD, Ir, Andrew J. Hoisington, PhD,
Lisa A. Brenner, PhD, Teodor T. Postolache, MD, Matthew B. McQueen, ScD, Kenneth S. Krauter, PhD,

P Venicht DRN €renin €rccdat MAR RN Chvictanbar A Lowry, PhD

Psychosomatic Medicine, V 79 « 936-946
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Actinobacteria + Lentisphaerae + Varrucomicrobia
(Relative abundance, %)
FIGURE 4. Relationship between the random forests interpretation model, relative abundance of [Actinobacteria, Lentisphaerae,
Verrucomicrobia] and PTSD scores (CAPS total score). PTSD was negatively correlated with the relative abundance of Actinobactenia,
Lentisphaerae, and Verrucomicrobia phyla. In other words, PTSD diagnosis was associated with a decreased abundance of these phyla
(Pearson r = —0.387; p = 035). Percentages m parentheses indicate the percent relative abundance of Akkermansia; Akkermansia was
below the threshold of detection for all other participants. Sample stzes: PTSD participants, n = 18; TE controls, n = 12, *p < 05,
Student's -test. PTSD = postraumatic stress disorder; CAPS = Clmidan-Admimnigered Posttraumatic Stress Disorder Scale for DSM-5;
TE = trauma-exposed. Color image 1s available only in online version (www.psychosomaticmedicine.org).

"The relative abundance of [Actinobacteria, Verrucomicrobia] was also associated with Childhood
Trauma Scores (CTQ, total score), with higher CTQ scores associated with lower total relative
abundance.”




US-VMP examines microbiota in Veterans over time
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cross-diagnostic. Within this manuscript, we describe current data collection practices
and procedures, as well as highlight miltary, and

of the first 188 Veterans enrolled in the study. Based on these findings, we assert that
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Military and Veteran health reflects many interacting factors

VETERAN MICROBIOME
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Social determinants and diet can leave a

microbial signal

VETERAN MICROBIOME
A

Never Homeless

ok

Legend
Demographics
Diet
Mental Health
Military

*

Homeless Experience

Student

Race

Marital Status
Gender

Ethnicity
Employment
Education Level
Age C.
Healthy Eating Index
TBI (#)

PTSD (Lifetime)
PTSD (Current)

PDD (Lifetime)

PDD (Current)
SF-36 PCS

MST 2

MST 1

MDD (Lifetime)
MDD (Current)
SF-36 MCS

Alcohol (Lifetime) Caucasian
Alcohol (Current) *

Rank
OIF/OEF
Deployed (#)

Never Homeless Homeless Experience
(30.5% variance) (36.3% variance)

Married

v

Age *

Veteran with
Homeless |
Experience,

v
o Post-
/ ¢ a Vietnam
1 4

Male

A

Combat (#) lnlschoo Eg::latlon Heterosexual Deployment
0.04 0.03 0.02 0.01 0.00 0.01 0.02 0.03 004 * * * *

Effect Size ()

Hoisington et al, 2023




Military exposures and the microbiome

MICROBIOME EXPOSURES
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Military exposures associated with changes in
microbiome

MICROBIOME EXPOSURES

Limited separation between in beta diversity, but significant difference (p=0.001) for unweighted Unifrac
distance, but not weighted Unifrac (p=0.308)



Military exposures increased beneficial short-
chain fatty acid species

MICROBIOME EXPOSURES
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« Beneficial SCFA producing microbes were highest in Veterans who deployed and were exposed
« Exposure may have caused a biological response, but it is also possible there is a secondary health outcome
we have not considered



Connecting the microbiome to the brain
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Connecting the microbiome to the brain cont.
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mTBI ED Study: Overview
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Primary Aim: Evaluate longitudinal change in microbiome for up to one year post mTBI
and see if initial brain health is driver of potential microbiome adaptations.

Samples
« Blood — baseline and follow-up only
« Skin, oral, and gut microbiome — monthly

throughout study
Baseline
Surveys I Month 12
« Structured clinical interviews — 48 hours post R
injury, 6-month, 12-month follow-up
« Mental Health Surveys — Monthly throughout Hiahome
study

Funding Agency & < MINDSOURCE



Assessment of brain health
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Lifestyle for Brain Health (LIBRA): a new model for
dementia prevention

Olga J. G. Schiepers', Sebastian Kohler', Kay Deckers', Kate Irving™', Catherine A. O’Donnell’, Marjan van den
Akker®, Frans R. J. Verhey', Stephanie J. B. Vos', Marjolein E. de Vugt' and Martin P. J. van Boxtel

Table 1 Algorithm for calculating individual Lifestyle for Brain Health (LIBRA) score®

Modifiable risk factor Relative risk (RR) Ln (RR)/beta weight Score Available in MAAS
Low/moderate alcohol consumption 0.74 —0.30 (reference) -1.0 +
Coronary heart disease 1.36 0.31 +1.0 +
Physical inactivity 1.39 0.33 +1.1 +
Renal dysfunction 1.39 0.33 +1.1 +
Diabetes 1.47 0.39 +1.3 +
High cholesterol 1.54 0.43 +1.4 +
Smoking 1.69 0.46 +1.5 +
Obesity 1.60 0.47 +1.6 +
Hypertension 1.61 0.48 +1.6 +
Mediterranean diet 0.60 0.51 —1.7° -
Depression 1.85 0.62 +2.1 +
High cognitive activity 0.38 —0.97 —3.2 +

Low unsaturated fat intake® —_ — _

Higher total score means greater risk for worse brain health
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Feasibility and preliminary validation of the LIBRA
model among those with mild TBI

Susan M. Mingils , Christopher E. Stamper, Molly E. Penzenik , Jason B.
Gibbons , Matthew ). Igo, Kelly A. Stearns-Yoder , Kevin Beck , Christopher A.
Lowry , Andrew ). Hoisington & Lisa A. Brenner
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Table 1. LIBRA score construction.

LIBRA factor
(Lifetime or Deckers et al. (10) Brett et al. (2022) Longitudinal Acute mTBl and Cross-sectional
Current) Weight Population: Midlife and late-life CAIDE study Population: Former NFL players Post-acute mTBI datasets*

Hypertension ~ +1.6
(Lifetime)

SBP 2140 mmHg or DBP 290 mmHg

Self-reported history of hypertension
diagnosed by a physician or other
healthcare provider

SBP =140 mmHg or DBP 290 in the EMR, or
self-reported lifetime history of
hypertension or high blood pressure on
NHIS

Obesity +1.6  BMI=30kg/m? Self-reported history of obesity diagnosed by ~ Current BMI 230 kg/m” from study data or
(Current) a physician or other healthcare provider EMR

High 414 Serum total cholesterol 26.5 mmol/L with ~ Sel d history of high If-reported lifetime history of high
cholesterol correction based on different methods of dlagnused by a physn:lan or other cholesterol an NHIS
(Lifetime) collection healthcare provider

Diabetes +1.3  Self-reported history of diabetes diagnosed Self-reported history of diabetes diagnosis Self-reported lifetime history of diabetes on
(Lifetime) by a physician OR diagnosis in medical

record prior ta date of LIBRA score

Coronary +1.0  Self-reparted history of f-reported history of coranary heart disease Self-reported lifetime history of heart
heart infarction or angina diagnosed by diagnosed by a physician or other condition or disease on NHIS
disease a physician OR diagnosis in medical healthcare provider
(Lifetime) record prior to date of LIBRA score

Chronic +1.1  Diagnosis in medical record prior to date of Self-reported history of chronic kidney disease  ICD-2 or ICD-10 code for chronic kidney
Kidney LIBRA score; self-reports of creatinine diagnosed by a physician or other disease diagnasis present in EMR lifetime
disease measures not available healthcare provider histor
(Lifetime)

Physical +1.1 |f-reported participation in I \f-reported <30 min, 5 day of If-reported <3 d k of 20 minutes of
inactivity physical activity that lasts at least 20— moderate intensity aerobic exercise or vigorous activity or <5 days/week of
(Current) 30 minutes and causes breathlessness resistance training 30 minutes of moderate activity in the past

and sweating once a week or less week on IPAQ-SF

Low/ =10 Self-reported drinking less than once Self-reported drinking 2 or less drinks per day Longitudinal Dataset: Self-reported drinking
moderate a month on average on average 1-2 drinks on a typical day when drinking or
alcohol use never drinking on AUDIT (acute mTBI);
(Current) Cross-sectional Dataset: No current alcohol

Ever-smoker  +1.5

"Yes’ to question "Have you ever smoked

Self-reported history of ever smoking

misuse on SCID-5 or na ICD-10 for alcohol
misuse +1 year ago (historical mTBI);
“Yes' to question ‘Do you currently smoke?"

(Lifetime) during your life? on FND or reported ‘current’ or ‘ever
smoking in EMR (historical mTBI); ‘current,”
“ever," “former,” or ‘quit’ is listed under
tobacco use histery in EMR
Depression +2.1 'Somewhat agree’ or ‘absolutely agree’to  Self-reported history of depression diagnosed PHQ-9 score of =10 indicating current
(Current) two statements measuring hopelessness by a physician or ather healthcare provider moderate- severe depression

High-quality =17
diet

CAIDE Healthy Diet Index Range of >8
paints, only available in a limited number

Rapid Eating Assessment for Participants -
Shortened Version (REAPS), diet quality

Upper quartile for self-reported intake of
whole grains and fruits/vegetables and

(Current) of participants in midlife cohort and data  score above 22, the median split of the lower quartile for self-reported intake of
not available for late-life cohort current sample sugar and red/processed meat in the past
month on DSQ
High =3.2  Not included (data not available) Score of 1 SD above the normative mean on Not included (data not available)
cognitive The Patient Reported Outcomes
activity Measurement Information System
(Current) (PROMIS) Ability to Participate in Social
Roles and Activities scale
Mild +1.9  Not included 26 prior concussions Not included**
Traumatic
Brain Injury
(Lifetime)

Criteria for LIBRA factors in a study of LIBRA with the general population (10), a study of LIBRA applied to population with history of mTBI (13), and both datasets
analyzed in this manuscript. Abbreviations: AUDIT, Alcohol Use Disorders Identification Test (14); BMI, body mass index; BP, blood pressure; CAIDE, Cardievascular Risk

Factors, Aging and Dementia; DBP, diastolic blood pressure, DSQ, Dietary Screener Questionnaire (15); EMR, electronic medical record; FND, Fagerstrém Test for
Nicotine Di ! (16); ICD-9/10, I e} ion of Diseases 9 and 10; IPAQ-SF, | Physical Activity Qi Short Farm (17); LIBRA,

Lifestyle for BRAin health; mTEI, mild traumatic brain injury; NFL, National Football League; NHIS, National Health Interview Survey of Chronic Conditions (18); PHQ-9,
Patient Health Questionnaire-9 (19); PROMIS, Patient Reported Outcomes Measurement Information System (20); SBP, systolic blood pressure; REAPS, Rapid Eating
Assessment for Participants — Shortened Version; SCID-5, Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders 5th Edition (DSM-
5) Axis | Disorders (21); 5D, standard deviation. *Measures used to create factor scores were the same for both datasets, with the exception of alcohol use. Additional
information regarding score construction is available in Supplemental Materials. **Based on relatively low number of TBIs in our cohort this was not included;
however, subsequent analyses were conducted regarding lifetime TBI history.




mTBI ED Study and Brain Health: Demographics
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Table 2. Participant demographics - longitudinal and cross-sectional datasets.

Civilians with acute mTBI Veterans with historical mTBI
(N=17; Longit Dataset) (N =92; Cross-sectional Dataset)
Demographics M+ 5D (Min-Max); n (%) M + 5D (Min—Max); n (%)
Age (years) 33.12+11.78 (20-57) 49.27 +13.52 (24-74)
X
Male 11 (65%) 92 (100%)
Female 6 (35%) 0(0.0%)
Race
Black 2(13%) 13 (14%)
Other* 6 (38%) 13 (14%)
White 8 (50%) 66 (72%)
(Missing) 1
Ethnicity
Hispanic 5 (33%) 16 (17%)
Not Hispanic 10 (67%) 76 (83%)
(Missing) 2
Education
High school or equivalent 2(13%) 7 (7.6%)
Some college, no degree 4 (27%) 26 (28%)
Associate’s degree 5(33%) 19 (21%)
Bachelor's degree 3 (20%) 25 (27%)
Master's degree 1(6.7%) 12 (13%)
Doctoral degree 0{0.0%) 3 (3.3%)
(Missing) 2
Number of mTBIs 1.76 +1.20 (1-5)** 209+1.27 (1-7) .—‘/A—\.—’—.—/
*Other indicates Native American/Alaskan Native, Asian, Pacific Islander, or Multiracial; **Includes index TBI. 10
2 84
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< 69 .—/_\—/\—0—0—0—0 -
o - Q2
@
O 44 - Q3
% - Q4
= 24
04

0o 1 2 3 4 5 6 7 8 9 10 11 12
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Figure 1. Change in total LIBRA score across time among civilians with acute mTBI. A line plot showing total LIBRA scores for each participant in the longitudinal dataset

from the index mild traumatic brain injury (mTBI; timepoint 0) and each menth following up to one year after post index mTBI. Line color indicates the quartile across
all participants and time points. LIBRA score: Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile.




mTBI ED Study and Brain Health:
LIBRA Factor Criteria
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BRAIN INJURY (&) 5

Met LIBRA Factor Criteria? No Yes

Hypertension 82 18%
Obesity 85% 35%
High Cholesterol BE% 12%
?
Diabetes N P Met LIBRA Faclor Criteria? @ No 1 Yes
Coronary Heart Disease 8% 2% Hypertension 84% 36%
Chronic Kidney Disease 4% 6% Obesity 68% 32%
Physical Inactivity 53% aT% High Cholesterol 3% %
*“Low-| 5% 65%
Low-Moderate Alcohol Use Diabetes p— e
Ever-smoker 5% 5%
Coronary Heart Disease 82% 18%
Depression 8% 24% L X
Chronic Kidney Disease 80% 200
*High-quality Diet = 100% 0%
Physical Inactivity 65% 35%
Figure 2. Prevalence of each LIBRA factor among civilians with acute mTBI. Percentages are based on a single timepoint closest to the emergency department visit. The
left side shows the percentage of participants that did not meet criteria for a given LIBRA factor. The right side shows the percentage of participants that met criteria for *Low-Moderate Alcohol Use 25% 75%
that factor. An asterisk (*) indicates a protective factor, where meeting criteria was considered beneficial for brain health. Meeting criteria for all other factors was
Indicative of poorer brain health. Ever-smoker cres P
Depression 57% 43%
*High-quality Diet = 8% 1%

Figure 3. Prevalence of each LIBRA factor among Veterans with historical mTBI. The left side shows the percentage of participants that did not meet criteria for a given
LIBRA factor. The right side shows the percentage of participants that met criteria for that factor. An asterisk (¥) indicates a protective factor, where meeting criteria was.
considered beneficial for brain health. Meeting criteria for all other factors was indicative of poorer brain health,




mTBI ED Study and Brain Health
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Figure 1. Alpha and beta diversity measurements for all samples, higher brain health risk group
(dark blue) and lower brain health risk group (gold) are denoted. Alpha diversity with Shannon
Diversity Index as A) continuous value and B) boxplots for each participant, ordered by brain
health risk score. C) Principal coordinates analysis (PCoA) plot of beta diversity from Weighted
Unifrac measure, D) change from baseline value for Weighted Unifrac Distance, E) PCoA of beta

Unifrac Distance.

diversity from Unweighted Unifrac measure, F) change from baseline value for Unweighted




mTBI ED Study and Brain Health Cont.
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Figure 2. A) Log2 fold changes (LFC) for species that were significantly (FDR <0.3) associated
with an increase (dark blue) or decrease (gold) in abundance from change in brain health risk
score by time interaction and B) change in abundance of select relevant organism showing trends
in higher risk (dark blue) and lower risk (gold) brain health groups. C) Prevalence LFC for
species that were significantly (FDR <0.3) associated with an increase (dark blue) or decrease
(gold) in abundance from change in brain health risk score by time interaction and D) presence
(large dot) or absence (small dot) for select relevant organisms from significant results.




mTBI ED Study: Microbiome more resilient after
mTBI for those with better brain health
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mTBI ED Study: Microbiome had more beneficial
SCFA for those with better brain health
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mTBI ED Study: mTBI, future conditions, and the
microbiome
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mTBI ED Study: mTBI, alcohol, and the microbiome
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mTBI US-VMP Study: Overview

MICROBIOME AND BRAIN HEALTH

The goal of this study was to assess The Llfestyle for BRAIn
(LIBRA) scores, a measure of brain health, and their
relationship with gut microbiome diversity, taxonomic
abundance, and metabolic pathways.

« 92 participants were included in the present study with LIBRA data and
preserved microbiome samples from one timepoint, a history of at least one
mTBI, and were male to directly correspond to previous studies of NFL
players

« Shotgun whole genome sequencing



mTBI US-VMP Study and Brain Health
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mTBI US-VMP brain health and microbiome
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Phylum-level shifts in Proteobacteria
(Escherichia coli) were associated with
the LIBRA score. (Figure2B).
Proteobacteria overrepresentation has
been widely linked to systemic
inflammation and gut microbiome
dysbiosis.
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A healthy diet was more associated with Ascomycota (Figure 3A). One protective behavior
(healthy diet) and the absence of two risk behaviors, (physical inactivity, and smoking status) 054

were closely related to the organisms in the genera Faecalibacterium and Coprobacter, while

MDS2

detrimental factors (chronic kidney disease, diabetes, and high total LIBRA score) were

associated with several Clostridium spp and organisms from the Oscillibacrer and il
Anaerotruncus genera. Interestingly, depression was found to be separate from the other

detrimental factors and was associated with bacteria from four genera to include Prevorella and

Subdoligramium (Figure 3B).

Arrows pointing in similar directions indicate positive associations between cohort characteristics
(light blue) and microbial taxa (dark red), whereas arrows pointing in opposite directions indicate
inverse associations. For example, the LIBRA score and Proteobacteria arrows point in similar
directions, while the LIBRA score arrow points opposite to the arrows for non-smoking and high
physical activity.

MDS2

Lower LIBRA scores (blue quartile) are associated with healthier lifestyles and better brain health.
Higher LIBRA scores (black quartile) are associated with poorer lifestyles and brain health)
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Ways to alter the gut microbiome
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Probiotics and Inflammation
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P ro b i Oti CS M ec h a n iS m S Probiotic Augmentation (Brain)

* Promotes SCFA signaling
INTERVENTIONS - « Improves BBB integrity
« Improve clinical
symptoms

‘\ Probiotic Augmentation

(Circulatory)
e Lowers inflammation
* Promotes SCFA
signaling to other
organs
* Improves autonomic
responses
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* Alters microbiome
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Figure 1. Mechanistic Model. Abbreviations: BBB, Blood Brain Barrier;

CRP, C-Reactive Protein; IP, Intestinal Permeability; SCFA, Short-Chain
Fatty Acids.




Past Findings - Lactobacillus reuteri DSM 17938
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TABLE 3 | Mean change in plasma concentrations of C-reactive protein (CRP), plasma concentrations of cytokines and plasma concentrations of biomarkers of intestinal

permeability from Visit 2 to Visit 3.

Biomarkers of Inflammation
CRP (mg/L)

IFNy (pg/ml)

IL1a (pg/mi)

IL1B (pg/ml)

IL2 (pg/ml)

IL6 (pg/ml)

IL8 (pg/ml)

IL10 (pa/mi)

1L12p70 (pg/ml)
IL-6:IL-10 ratio

TNFa (pg/mi)

Intestinal Permeability
DAO (ng/ml)

IFABP (pg/ml)

Placebo Probiotic p-value

N Mean (SD) and Median (range)® N Mean (SD) and Median (range)*

14 0.113(1.2) 0.09 (—2.3, 2.4) 10 —0.625 (1.1) —0.565 (—2.3, 1.5) 0.056
14 0.36(1.2) 0.04 (—1.4,8.9) 9 —0.33 (1.2) —0.04 (3.1, 1.1) 0.22
14 0.98 (4.0)0.28 (—4.4, 12.7) 9 —1.6(11.2) 1.64 (—30.4, 9.6) 0.45
14 0.70(2.7) 0.04 (~3.5,9.1) 9 —0.25 (2.5) —0.03 (-6.1,3.3) 0.37
14 0.02 (0.34) —0.02 (—0.60, 0.81) 9 —0.12(1.3)0(-8.4,1.3) 0.51
14 0.22 (2.4) —0.10 (-5.1, 4.0 9 —0.07 (7.7) —0.24 (-13.5, 16.3) 0.64
14 —4.8(11.2) —0.49 (-39.2, 3.6) 9 1.4(5.9)1.1(-88,11.4) 0.12
14 0.15 (0.85)0.09 (—1.4,2.2) 9 ~0.23 (2.0) —0.23 (-3.0,2.4) 0.72
14 —1.6(9.3) —0.41 (—28.5, 11.2) 9 —10.1 (46.2) —0.61 (-129, 34.3) 0.89
14 —0.08 (1.0) —0.004 (—3.2, 1.6) 9 —0.003 (0.97) —0.12(-0.7, 1.6) 0.52
14 ~0.62 (1.4) —0.27 (~3.7, 1.3) 9 —2.1(8.2)0(-23.7,3.2) 0.26
10 —0.11 (0.24) —0.08 (-0.55, 0.29) 8 0.03 (0.12) 0.08 (—0.12, 0.16) 0.17
12 —0.09 (0.45) —0.17 (-1.0, 0.72) 10 —0.04 (0.16) —0.03 (—0.35, 0.21) 0.54

aNegative numbers indicate a decrease from Visit 2 to Visit 3. Wilcoxon rank-sum test was used to compare the change from Visit 2 to Visit 3 between the Placebo and Probiotic groups.
CRF, G-reactive protein; DAO, D-amino acid oxidase; IFABF, intestinal fatty acid binding protein; IFNy, interferon gamma; IL, interfeukin; mg/L, miligrams/liter; ng/ml, nanograms/ milliiter;
Ppg/ml, picograms/ mililter; TNFa, tumor necrosis factor alpha.

C-Reactive Protein (CRP)
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Trial Rationale and Design - Lactobacillus

rhamnosus GG ATCC 53103
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LGG Challenges in Finding Right Participants
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LGG Adherence and Side Effects
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Adherence: Morisky Medication Adherence Scale (MMAS) Side Effects: GASE-P
. Mean LGG = 7.3, Placebo = 7.6

. Total 6 participants under 6 Adverse events defined as at least one GASE-P

. Low adherence cutpoint, All LGG symptom was rated severe (3) and attributed to the
All participants MMAS Score supplement
= I p— *  Atleast one adverse event: LGG = 7 participants,

| Placebo = 7 participants

il . Those with adverse event that did not complete
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LGG Study Placebo Effect

INTERVENTIONS
Total PCL Score by Time Point
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LGG Alpha/Beta Diversity Levels by Group
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LGG Inflammatory Levels by Group
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Adjusted difference in CRP change
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LGG Microbes by Group
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Future Directions — Targeted Interventions?

INTERVENTIONS
CRP Level by Time Point; BMI <30 & CRP>=3 CRP Level by Time Point; BMI >= 30 & CRP>=3
| Placebo Graup ] LGG Group | [ Placebn Group
Wilcoxon, p =0.00078 Wilcoxon, p = 0.85 Il Wileoxon, p=071

E) } E
E Time Point E Time Point
z° ] Time 4 B Time
& T 3 T
o B3 Time T B3 Tme
o o
S S ><

I e —

w
3 Time 2 ime 3 2 me 3 me 2 Time 3
Time Point Time Point

LGG showed greater effect for those with BMI < 30 and initial CRP > 3; offering a
potential precision medicine group
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Conclusions Cont.

The gut and brain are connected through multiple biological pathways, including
the immune system, nervous system, microbial metabolites, and intestinal
barrier.

The gut microbiome is highly dynamic and influenced by our environment and
experiences, including diet, medications, stress, environmental/occupational
exposures, and other lifestyle factors.

Military service can introduce unique exposures and stressors that may alter the
gut microbiome and gut-brain signaling, with potential implications for long-
term health.

Growing evidence links the gut microbiome with mental and neurological
health, including stress-related conditions, PTSD, traumatic brain injury,
inflammation, and cognitive health.

The microbiome represents a promising—but still emerging—target for
improving health and resilience, including through diet, probiotics, and other
microbiome-directed interventions; individual responses can vary substantially.
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