Applying Neurobiological Insights on Stress

to Foster Resilience Across the Lifespan
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H. Akil and E. Nestler- Co-Chairs
March 24-25, 2025




'.:‘b:: 1
g }‘ e

» 3o ke g B LD
¥ 35:.: _"'b:i'_,‘{' s g
-u-'l' !,!ﬂ o

- i o ‘#‘ )t#“' *4}1& =
T, T B P e S o

,—ﬁ-
* '

The National Academies of Science, Engineering and Medicine
» The Forum on Neuroscience and Nervous System Disorders

» The Forum on Mental Health and Substance Use Disorders

> The Staff:

Sheena Posey Norris, Eva Childers, Kimberly Ogun, Ashley Pitt, and Shay Shuaib

» The Planning Committee

» The Speakers

» The Part|C|pants




FIVE OBJECTIVES -

» Review scientific evidence on the global rise of stress, disparities among populations, and the
relationship between stress and development of systemic disorders (e.g., psychiatric, neurological,
metabolic, cardiovascular, autoimmune).

- N 57 it
» Examine recent discoveries illuminating the neurobiological mechanisms of stress susceptibility,
distinct mechanisms of resilience, and individual differences in responses to stress and building

resilience.

" . - i
» Consider the role of childhood neurodevelopment and neuroplasticity across the lifespan in building
early-life and lifelong resilience (as opposed to stress susceptibility) and discuss effective approaches
for optimizing resilience during critical and sensitive periods of neurodevelopment.

A

» Explore how these findings could inform public health programs and education to promote resilience
to stress.

» Discuss research gaps and opportunities for studying resilience across research, clinical, and public
settings.




DAY 1

Welcome & Introductory Remarks

Workshop Overview

Keynote Presentation:  The Science of Stress and Resilience

A Lived Experience: Perspective on Resilience

Session 1: Neurobiological Mechanisms of Stress Susceptibility and Resilience
Concluding Remarks



Some Housekeeping

e Throughout the day, there will be opportunities for attendees to ask questions, and we
encourage you to do so using the microphones located throughout the meeting room, and
for those online through the Q&A box located below the livestream.

Please introduce yourself first and keep your questions concise.

e The recording and presentations from this workshop will be available for viewing on the
National Academies website in a week of two.

e A “proceedings” document of the presentations and discussions from the workshop will
be prepared to reflect what transpired at the workshop. It will be published by the
National Academies Press and will be publicly available.

All views presented in the report will be those of workshop participants; the report
will not contain consensus recommendations.




The Science of Stress & Resilience

Huda Akil, PhD
Eric Nestler, MD, PhD
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The Second Pandemic

When th

The Mental Health Crisis



Some Evidence

Prior to the Covid-19 Pandemic, Major Depression and Anxiety disorders were already among the leading
health burdens globally.

Within the first year of the pandemic, ¥25% Increase in the incidence of these disorders: 53 million cases of
MDD and 76 million cases of anxiety disorders (1).

The magnitude of increase in affective disorders in any given country was highly correlated with the
magnitude of the impact of the Covid-10 pandemic on that country (1).

Younger people and females in particular have been more profoundly impacted by the pandemic than other
groups (1).

Individuals in certain professions, such as health care workers were highly affected (2).

Individuals confronting economic and social challenges or experiencing discrimination, were especially hard
hit (3).

COVID-19 Mental Disorders Collaborators. Global prevalence and burden of depressive and anxiety disorders in 204 countries
and territories in 2020 due to the COVID-19 pandemic. Lancet. 2021.

Zhu H, Yang X, Xie S, Zhou J. Prevalence of burnout and mental health problems among medical staff during the COVID-19
pandemic: a systematic review and meta-analysis. BMJ Open. 2023.

Eboigbe LI, Simon CB, Wang YS, Tyrell FA. The compounded effect of the dual pandemic on ethnic-racial minority adolescents’
mental health and psychosocial well-being. Curr Opin Psychol. 2023.




Rising Trends: Lifetime and Current Depression Rates

Has a doctor or nurse ever told you that you have depression?

Do you currently have or are you currently being treated for depression?

— % Yes, lifetime depression — % Yes, current depression
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2024 KEY FINDINGS

2 3 0/ OF ADULT RIENCED A MENTAL ILLNESS IN THE PAST YEAR.
O EQuUIVS TO NEARLY 60 MILLION AMERICANS.

5% 13%

OF ADULTS OF YOUTH

REPORTED EXPERIENCING SERIOUS
THOUGHTS OF SUICIDE.

1INS

YOUTHHAD AT
LEAST ONE MAJOR
DEPRESSIVE
EPISODE (MDE) IN
THE PAST YEAR.

OF ADULTS IN THE U.S.
HAD A SUBSTANCE USE
DISORDER IN THE PAST
YEAR.

OF THEM DID NOT RECEIVE
TREATMENT.

OVER1/2

2022 HAD THE HIGHEST NUMBER OF
DEATHS BY SUICIDE EVER RECORDED
IN THE U.S.

1

OF THOSE WHO
DID RECEIVE
TREATMENT, ONLY

65%

SAID IT HELPED
THEM.

(NEARLY 3
MILLION YOUTH)
DID NOT RECEIVE

TREATMENT.

1IN4

ADULTS WITH FREQUENT MENTAL
DISTRESS COULD NOT SEE ADOCTOR
DUE TO COST, A 2% INCREASE OVER
THE LAST REPORT.

Mental Healh America
2024 Report




Mental Health Ratings by Gender/Age

How would you describe your own mental health at this time? Would you say your mental
health is
% Ex€Cellent

t, good, only fair or poor?

Women, 18-29 Women, 30-49 Women, 50-64 omen, 65+

) \/\ \
2004 2024 2004 2024 2004 2024 2004 2024
Men, 18-29 en, 30-49 Men, 50-64 Men, 65+

50/\ e

2004 e 2024 2004 2024 2004 2024 2004 \_/2024

i) = represent all other age and gender groups, shown to facilitate direct comparison

Date ranges are 2001-2004, 2005-2009, 2010-2014, 2015-2019, 2020-2024.
Get the data * Download image GALLUP GaIIUP POII, MarCh 2025




Special Issue
How Can Huda Akil & Eric Nestler
. Editors
| Science
p N AS December 2023

Help?

The Neurobiology of Stress: Vulnerability,
Resilience, and Major Depression Special Feature

The Neurobiology of Stress: Vulnerability,
Resilience, and Major Depression



STRESS- RELATED DISORDERS

Major Depression

Genetic
Tendencies
—
Stress

Is the Most Proximal Cause
Especially in Susceptible Individuals

Substance Use
and Other
Stress Disorders

Cardiovascular
Disease

Metabolic
Q;
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Experience
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Temperament

Susceptibility or Resilience

To Stress

The Individual

The Stressors
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Temperament

Susceptibility or Resilience

To Stress

The Individual

Threat and Uncertainty:
Acute or Chronic
Trauma and Life Events:
Divorce, Abuse, Death
Social Context:
Aggression, Poverty, Isolation
Physiological Stress:
Metabolic,Inflammation
Cardiovascular Disease

The Stressors
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Susceptibility or Resilience
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The Individual

Physiological Stress Response
“Good Stress” or “Bad Stress”

Acute or Chronic
Trauma and Life Events:
Divorce, Abuse, Death
Social Context:
Aggression, Poverty, Isolation
Physiological Stress:
Metabolic,Inflammation
Cardiovascular Disease

The Stressors

Behavioral Coping:
Adaptive or Maladaptive
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Temperament
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The Individual

Physiological Stress Response
“Good Stress” or “Bad Stress”

Acute or Chronic
Trauma and Life Events:
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Social Context:
Aggression, Poverty, Isolation
Physiological Stress:
Metabolic,Inflammation
Cardiovascular Disease
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Behavioral Coping:
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Threat and Uncertainty:
Genetics Development || Experience Acute or Chronic
Trauma and Life Events:
Divorce, Abuse, Death
Social Context:
Temperament Agg;e;s:c?n; quelrl;)z Isolation
Lele - ysiological Stress:
Susceptibility or Resilience Metabolic Inflammation
To Stress Cardiovascular Disease
The Individual The Stressors

Physiological Stress Response
“Good Stress” or “Bad Stress”

Behavioral Coping:
Adaptive or Maladaptive

Experience-Induced
Neuroplasticity

Negative:
Enhanced Susceptibility to
Stress Disorders

Positive:
Enhanced Resilience
to Future Stressors







A Life Span Perspective
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Critical Period Critical Period
Neuroplasticity + or -



TWO KEY CONCEPTS

o “Stress Fitness”

* Resilience is not the Absence of Vulnerability




A Healthy Stress Response

Hormone Concentration

Fast Feedback

/

ACTH

ONGOING FUNCTION OF
A HEALTHY STRESS SYSTEM:

To perceive, cope, learn, predict, cope better

Time

Healthy Stress Response

Adrenal:
Cortex

Cortisol

Signal

)

Alert




Signal

Chronic Stress Disrupts the Biological Stress Response

/ ‘Facilitation’

Alert

Delayed Shut-off

“

\
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Hyporesponsiveness
(‘Adrenal Exhaustion’?)

Hormone Concentration

Elevated baseline




Biphasic Effects of Stress Steroid Hormones
Impact on Synaptic Function and Neuroplasticity

Enhanced Synaptic Functions Suppressed Synaptic Functions
Increased Ne ed Neuroplasticity
STRESS FITNESS:
ofe nage
The ability to mount

a rapid, vigorous but time-limited
biological and psychological response to stress

”Fitness”
is meant to indicate that it can be trained!

sHigh
I] INCreasmg rreguere, wopneage” Brain Aging
Allostatic Load

McEwen & Akil, J. Neuroscience, 2020



What is Resilience?
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Not the Absence of Vulnerability.

A Positive Countervailing Force.
Especially Important in Vulnerable Individuals:
Propose the Concept of Biological Stress Fitness




Kintsugi

Treating Breakage and Repair as
Something to Highlight Rather than Hide

With Thanks to Indida Birto!




SEVERAL GROWTH FACTORS
ARE CRITICAL FOR RESILIENCE:

ROLE OF NEUROPLASTICITY

Evans et al , PNAS, 2004
Turner et al , Biol Psych, 2006
Turner et al , Neuron, 2012
Aurbach et al, PNAS, 2015




The Buffering Power of Positive Personal Experiences
and Social Interactions Throughout Life

How Do we Study
the Biology of Resilience?
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THE MICHIGAN FRESHMAN STUDY
Predicting Vulnerability or Resilience Under Stress

STRE§S

Baseline Incidence
Psychological
>ycehologlca Longitudinal Follow Up: Mood Tests, Stress Measures, Activity and Sleep i .
And Depression
Biological Profile Or Anxiety

\ Can We Predict? /

Turner, Khalil, Weinburg et al, PNAS 2023 & ongoing




Michigan Freshman Project:
Impact of Academic Stress and the Pandemic On 5 Cohorts of Freshmen

Percent Meeting

-
o

Similar Results
With Anxiety

Criteria for Depression Depression Rates at [JJJ] Baseline /74 Follow-up
éCovid—19 E : E
. September 2021
$ 391 : L a7 5 Peak of Baseline
5 Depression
£
o
€ 20 2021 through 2022
2 Peak Overall
£ Depression
5
T
o

0.95

Pre-Pandemic 2019-20 2020-21 2021-22 2022-24

Academic Year

Freshman Study Team- In Preparation



Michigan Freshman Project:
Larger Impact on Females

Females

» 42% of Females
experienced
depression in 2020-
2021

% Meeting
Criteria for
Depression Depression Rates at ||| Baseline 7] Follow-up

| Covid-19 :
Owl > 33% of Females from

B
o

L 3205 the next cohortin the
' : fall of 2021 were
depressed at baseline

w
o

]
o

» Depressionin females
occurs earlier, is more
severe and more
chronic- Continues
into Junior Year.

Pct Sx with Dep in Freshmen Year
=

Pre-Pandemic  2019-20 2020-21 2021-22 2022-24

Academic Year :
Freshman Study Team- In Preparation




% Meeting
Criteria for
Depression
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Pct Sx with Dep in Freshmen Year
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Michigan Freshman Project:
Lesser Impact on Males

Pre-Pandemic

ECo

Males

Depression Rates at . Baseline Follow-up

vid-19

l

2019-20

2020-21 2021-22

Academic Year

2022-24

Freshman Study Team- In Preparation




Can We Predict Risk for Depression?

Used Machine Learning to Identify an

“Affect Score”
Can Genetics Help Us Predict? Which is Highly Predictive
Yes and No
Percent of Variables in Dimension 1
Polygenic Risk Score for Depression RFQ Neuroticism

» Was predictive before the pandemic -
» Stopped being predictive during the pandemic (11.87%7

SBTrait
(13.62%)

» Is now trending back towards prediction

Conclude: It only works under certain types of

stress PSS GAD-7

(12.68%) (11.29%)

; ‘PANSI-
PHQ-9 6.62%
{1141%) ‘pANSH- ( 0)

(9.34%)

Turner etal, PNAS 2023
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Follow—up PHQ-9

Affect Score Predicts Risk for Depression
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Original Cohort Replication Cohort
Correlationr = 0.67 : Correlation r=0.71
2.2e-16 2.2e-16
P < e 20- P < e
P
g
T
o
o
T
L 10
ks
©
L
Odds Ratio = 10.77 Odds Ratio = 11.07
p<1e-17 p<1le-17
0 -1 - -
-2 0 2 -2 0 2
Affect Score Affect Score
Original Cohort Replication: 2022-2024

» Baseline Affect Score (measured in September) predicts depression during rest of the freshman year.
» Highly significant on any given year
» Still highly significant if we eliminate all subjects with a history of depression

Freshman Study Team- In Preparation



What Protects Against Risk for Depression?

Regardless of Genetic Susceptibility,

“Perceived Social Support” was Most Clearly Associated
Protective Factor Against Depression

Its Importance Grew During the Pandemic

Freshman Study Team- In Preparation




Cort (ug/dL)

30 1

20 -

10 -

And Relationship to Future Vulnerability or Resilience to Stress

Biological “Stress Fitness”

Stress Response During the Trier Social Stress Test
Run at Start of Freshman Year

N= 246
TSST
<> - 40
ACTH /l ) l\‘ >
9
L
305
1
3
£
- 20

.60

45

.30

15

0 51015 25 35 45 55 65
Time (min)

TRIER SOCIAL STRESS TEST- TSST

» Across a group of 246 Subjects, we
measure a healthy stress response to
social stress (the TSST), with a peak of
ACTH followed by Cortisol Increase.

» ACTH but not Cortisol show a stress
anticipation effect.

Freshman Study Team- In Preparation



The Michigan Freshman Study

Biological Response to Social Stress (TSST)
is Blunted in Subjects Who Are Currently Depressed

90 1

ACTH (pg/mL)

N
o
1

N
o
1

w
o
L

ACTH Cortisol
—e— No Depression Symptoms, N =237 —e— Depression Symptoms, N =9 (6 Female) —8— No Depression Symptoms, N = 2378— Depression Symptoms, N =9 (6 Female)
TSST ] TSST
«— 15 — >
-
S,
(@)
2
§ 10 1
1 1 1 1 1 1 1 1 1 1 1 1 1 5 T
-60 -45 -30 -15 0 51015 25 35 45 55 65 -éO _45 -éO _1'5 (') é 1'0 1'5 2'5 3'5 4'5 5'5 6I5
Time (min) Time (min)

Freshman Study Team- In Preparation



A Higher Endocrine Response During the Anticipatory Period
Of the TSST Predicts Future Anxiety during Freshman Year

TSST
 —
16 -
=
2
212
T
o
O
8 -

60 45 30 -15 051015 25 35 45 55 65
Time (min)

Follow-Up
—e— GAD-7< 10
-- GAD-7210

Total N: 212
Female: 113 (24 Follow-up Anxiety)
Male: 99 (12 Follow-up Anxiety)

» We excluded all subjects who were
anxious at baseline

» We asked: In this normal subjects,
does TSST predict future anxiety?

» A high anticipatory response to
social stress was strongly predictive
of future anxiety

» In a parallel analysis, high
anticipatory response to social
stress was moderately predictive of
future depression

Freshman Study Team- In Preparation



mmm| Can We Decrease the Risk for Depression & Anxiety with Online CBT?
A Pilot Study (N=70: 40 CBT & 30 Control)

Presrd The MAYA App

» In collaboration with Faith Gunning and Francis Lee at Weill Cornell, we are using a well
validated CBT App: The MAYA App.

» Pilot Study is encouraging

» In FEMALES, MAYA App decreased the symptoms of depression and anxiety throughout
the Freshman year and into the start of the Sophomore year.

» In MALES: No Effect (N is small due to lower partipation rates).

» Currently running a study with N="~150 to determine efficacy of MAYA App and relation

to Affect Score.




Multiple Types of Resilience:
Genetic & Non-Genetic

Context Matters: Pre- and Post- Pandemic

Social Support Matters

It is Not Destiny:
It is Possible to Predict & Prevent




Towards
A Richer
More Nuanced
More Translatable
More Scalable

Science of Resilience




Keynote & Introductory Lectures

Keynote Presentation:
State of Science on Stress and Resilience Huda Akwsity of Michigan

A Lived Experience Perspective on Resilience Jon Nelson, Pulverize the Stigma

NATIONAL Sience

Engineering

ACAD E M I ES Medicine
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