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Income and Education: Effects on Longievity and Health

Standardized Mortality Ratio, by
Occupational Status

Females

* Highest Lowest Highest Lowest
Occupational Status Occupational Status of Husband

~ Morbidity Rate by Socioeconomic Status Level

~ Osteoarthritis
~— Chronic disease
= Hypertension
=== Cervical cancer

How does SES get “under the skin”?



Income and education: gradients of mental health

Affective Disorders Anxiety Disorders Substance Use
INCOME
$ 0-19,000 A ey S bl 1.902*
$ 20 - 34,000 1.43 1.5 * 112
$ 35-69,000 1.01 1.50 " 1.11
$ 70,000+ 1.00 1.00 ; 1.00

EDUCATION

0-11
12
13-15
16 +

Kessler, McGonagle, Zhao, Nelson, Hughes, Eshleman,
Wittchen and Kendler 1994 Arch. Gen, Psychiatry 51: 8-19.

How does SES get “under the skin”?




How do brain and body
communicate?



Mind
“The seat of awareness, thought, volition and

feeli ng” Oxford English Dictionary

Feeling/emotion: perception of autonomic, visceral reactions to an event -
Wm James Principles of Psychology

....reflects the physical and social environment.

....Involves the whole body (visceral sensations, pain,
e.g., feeling sick or well).

....represents two-way communication via nerves,
Immune and neuroendocrine systems.




Three Major Systems for Brain - Body Communication
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Mediators of allostasis and allostatic load

Glucocorticoids (eg. Cortisol)
Sympathetic NS ° >~ Parasymp NS

\ Inflammatory cytokines
I ROS

Anti-inflammatory cytokines | it St

Networks of systemic mediators of allostasis:
NON-LINEARITY!!




Stress - a challenge to the body
PROTECTION VS. DAMAGE

external demand

f\/\AM basal

Allostasis - leads to adaptation

ALLOSTATIC LOAD

i
A b

A A
A

Sterling and Eyer 1988; McEwen and Stellar 1993




What I1s Stress?



Stressed vs. Stressed Out

Health-risky

Fight or flight behaviors

Anxiety



Many targets
for cortisol

Cortisol "

Acute - enhances immune,
Memory, energy replenishment,
Cardiovascular function

Chronic - suppresses immune,
Memory, promotes bone
Mineral loss, muscle wasting;
Metabolic syndrome



Acute versus Chronic Stress
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What we often mean by “stress”
IS being “stressed out”!

Feeling overwhelmed, out of control, exhausted, anxious, frustrated, angry

What happens to us?

Sleep deprivation

Eating too much of wrong things,
alcohol excess, smoking

Neglecting regular, moderate exercise

All of these contribute to allostatic load
Psychosocial stress is a major factor



Sleep deprivation as a chronic stressor:

Disturbed allostasis and resulting allostatic load

Increased blood pressure;
decreased parasympathetic tone.

Elevated evening cortisol, glucose, insulin.
Elevated inflammatory cytokines.

Increased appetite, which can increase 1-3
after over-eating.

Depressed mood.

Impaired cognitive function.



Caregiver Stress and Accelerated Aging:
Telomere Length and Telomerase Activity

Accelerated telomere shortening in response to Also. telomere
life stress i’
shortening reported

Elissa S. Epel*, Elizabeth H. Blackburn'*, Jue Lin*, Firdaus S. Dhabh lancy E. Adler*, Jason D. Morrow?,

and Ri.chard.M. Cawthonl | | | | W I t h
diabetes and CVD

Numerous studies demonstrate links between chronic stress and
indices of poor health, inclu sk factors for cardiovascular
ertheless, the exact

mechanisms of how stress gets “uni
We investigated the hypothesis that stress i

C provide the
evidence that psychological stre i s and chro-
nicity of stress, is significantly associated with oxidative stress,
telomerase activity, and telomere length, w ¢ eter.
minants of cell senescence and longevity, peripheral blood
monenuclear cells from healthy premenopausal women. Women
with the highest levels of perceived stress have telomeres shorter
on aver by the equivalent of at least o of additional
ngs have impli-
erstanding how, at the cellular level, stress may
promote earlier onset of age-related diseases.

T s L g [0 4]

Oxidative stress

Telasmars Length Vs ratis)

Tisarrvermes Linkin A0, 000 cally

One decade of
accelerated aging e

Parceived stress scale - total



How Chronic Stress in Dally Life
Affects Health and Behavior

Stresses of daily life

By contrast:

Acute Stress
(non-traumatic)

Fight or Flight

,

Survival

Adaptation

’

Recovery

Pre-Existing State of
Brain and Body.

Chaos, Conflict, Lack of Control

Anxiety,
Depression, and
Disturbed Sleep

Overeating, Heavy Drinking,
Smoking, No Exercise
4 Chronic physiologic stress
burden (allostatic overload
Chronically elevated: Tachycardia,
Cortisol, Insulin, and f BP,
Inflammatory Cytokines Hyperlipidemia

Hypertension, diabetes,
obesity, coronary disease,
arthritis, depression, and fatigue.




What is the physiology of positive affect?

Positive affect and health-related neuroendocrine,
cardiovascular, and inflammatory proce :a:ae:a

Andres Stephoo®, Line'Wandk, and Michas| Marmot
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Lower cortisol, lower heart rate,
lesser fibrinogen change to stressor

“Positive health” - more than absence of allostatic load?



How does stress
affect the brain?



STRESS

Central Importance of the Brain

Behavioral

: responses
differences fight or flight)

(penes, developmen!, experience) {personal behavior—diet,

smoking, drinking, exercise)
\‘ Ph ?5iﬂ|ﬂgiﬂ / |

responses

Individual

Allostasis e Adaptation

b

Allostatic load




The Human Brain Under Stress:
key brain regions

Prefrontal cortex
Executive function, working memory Hippocampus

Contextual, episodic, spatial
memory

A\rophy

Atrophy

Amygdala

Amygdala Emotion. fear, anxiety

Hippocampus Hypertrophy.

later atrophy



Repeated stress:

effects on behavior and structural remodeling

Behavioral changes:

Impaired spatial learning.

Increased aggression.
Increased fear

Behavioral depression
Learned helplessness

Attention set shifting impairment

Structural remodeling
Reduced DG neurogenesis and volume.
Shortened dendrites - CA3

BESSS=saad  ibmaza Shortened dendrites - PFC
Resident-intruder model: Expanded dendrites - OFC
ree shrew (E. Fuchs) Increased dendrites - BLA




Dentate gyrus - CA3:

plasticity and vulnerability

Vulnerable to damage.

Dendrites shrink with stress

Mossy fiber terminals:
glutamate release



Hippocampus:
Dendritic atrophy after stress

Rat hippocampal neuron before (A)
and after (B) 3-week repeated stress

McEwen, 1999



Neurogenesis in hippocampus

ORGANIZATION OF THE VERTEBRATE DENTATE GYRUS

Exercise increase neurogenesis; stress suppresses neurogenesis
Antidepressants increase neurogenesis
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Chronic Confrontation with Dominant
Causes Remodeling of Hippocampus

Neurogenesis suppressed

- "
*
1 B ool
0. Uy
acute

Control Subordinate

CA3 dendrites remodeled



Prolonged depression: hippocampal atrophy

Sheling & al. » Hippocampal Vislume Loss with Depression But Mol Age |I
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Frgure 3. Correlation between duration of depression and hippocampal
valume. The Pearson correlation between cumulatve lifetime 1oial days
of major depression was derived from the Dagnostic Interview for Ge-
netic Studies using the Post Life Charing Mceihod (Post et al., 198%) and
the total hippocampal grav matter volumes,

Fig. 1. Eaggital MRl of the hippocampus The HC gray matter fautlined n
red) wass=l=cted to be messured. Indudsd were the crmu ammonis, derntste
gyrus, andsubiculum. Excludedwere the ndusium grissum, amypgdalar nuclei,
alvears, fimbria, and surrounding whib=-matter structures

it




Why happens during aging?

— The Anatomy of Memory
Aﬂ‘%,gp%ac':mp&g Hippocampus Size in Aging and AD

Normal Normal MCI
25 Years 76 Years 75 Years

NYU 1999



A Shrinking Hippocampus

MILD COGNITIVE IMPAIRMENT (MCI) and GLUCOSE TOLERANCE

Glucose transporters in brain

. . . Oligodendrocyte
Reduced glucose tolerance is associated with poor

memory performance and hippocampal atrophy
among normal elderly

Antonio Convit™™, Oliver T. Wolf*5, Chaim Tarshizh®, and Mony ). de Leon*?

The Anatomy of Memory
Hippocampus Size in Aging and AD

BRGYn =

Normal Normal mcl

25 Years 76 Years 75 Years “ Years D GIUt-1 55K . GIUt-4
B Glut145Kk Cluls8
® Glut-3 5 Glut-5

MCI associated with rising cortisol
MCI associated with glucose intolerance
MCI - increased risk for Alzheimer’s
Diabetes (type 2) - increased risk for Alzheimer’s



Protein/peptide hormones enter and affect the brain

Leptin Ghrelin
16kD 3.5 kD
Excitability Me_mory

Memo
Mood

|GF-1 Insulin
7.6kD 5.8kD

Glucose transporter

Neurogenesis :
g Neuroprotection

Neuroprotection



Is there a neurobiology of self esteem?

Psychosomatic Medicine 57:468-474 (1995},

Kirschbhaum et.al

Glucocorticoid

Poor HPA
shut-off Cascade
after stress Hyvpothesis
clgle Vicious
a smaller Cycle
and
hinpocampus hlppocampal
shrinkage

Failure to habituate HPA response to public speaking



Is there a neurobiology of self esteem?
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Stress causes neurons to shrink or grow

....but not necessarily to die

_\ﬂ ..'I 4
Control ‘\\l/ | Control
\
Chronic | Chronic
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stress stress
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Prefrontal Cortex Amyg dala




Amydala and PFC are Hyperactive
In Depression and Anxiety Disorders

PFC

ANYGOALR Ty
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MPFC:. external influences and responses

CeA

“BLA



Effects of Stress on Prefrontal Cortical Morphology

1. 21 days of repeated restraint stress, 6 hours daily
2. Layer ll/lll pyramidal cells loaded with iontophoretic injections
of Lucifer yellow for imaging after perfusion on day 22
1. Cells reconstructed in 3D (40x) and dendrites imaged on confocal at 100x

-
..
4

Spine density: stressed
(Radley et al, 2005)



Translation to medical students under stress

Perceived Stress Scale- 10 ltem

Instructions: The questions in this scale ask you about your feelings and thoughts during the last month.
In each case, please indicate with a check how often you felt or thought a certain way.

8.

9.

. In the last month, how often have you been upset because of something that happened unexpectedly?

. In the last month, how often have you felt that you were unable to control the important things in your life?

. In the last month, how often have you felt nervous and "stressed"?

In the last month, how often have you felt confident about your ability to handle your personal problems?

. In the last month, how often have you felt that things were going your way?

. In the last month, how often have you found that you could not cope with all the things that you had to do?

. In the last month, how often have you been able to control irritations in your life?

In the last month, how often have you felt that you were on top of things?

In the last month, how often have you been angered because of things that were outside of your control?

10. In the last month, how often have you felt difficulties wer piling up so high that you could not overcome them?

O=never 1=almost never 2=sometimes 3=fairly often 4=very often



Prefrontal cortex:

processes that might be affected by stress

Executive function
Attention shifting - mental flexibility
Extinction of fear conditioning
Working memory
Ability to suppress negative thoughts
Learned helplessness
Parasympathetic regulation

HPA regulation



Early Life Experiences



Importance of maternal care

Prenatal stress Increased rate of

Prolonged separation of pups - -
from mother brain aging

Birth

Increased stress hormone secretion
& throughout postnatal life

Postnatal handling Decreased rate of
Matemnal behavior - licking brain aging

of pups

Birth )
Decreased stress hommone secretion

+ throughout postnatal life

Gestation Meonatal life Puberty to adulthood Senescence

Work of Levine, Denenberg, Ader, Meaney and others




The Role of Chaos in Poverty
and Children’s Socioemotional Adjustment

Research Article

The Role of Chaos in Poverty and
Children’s Socioemotional
Adjustment

Gary W, Evans, Carrie Gonnella, Lyscho A. Marcynyszyn, Louren Gentile, and Nicholas Salpekar

Cornell Uinlversity

ABSTRACT=There are growing levals .'|_||-..Iu||r.l| i thee lves
of American children, youth, and femilies. Increasingly, H I | n

childron grow wp in howseholds lacking in structure and € p essness
routing, rerdated by bockgrownd stimalation from noise
and erowding, and fo cordend with the frenetic pace

Psychological distress

uf.rn ﬂ-:l!-l!ﬂl |.I|.‘|Ii:' Alihou (F ] ||'¢'q|.:l_ nlqni_u I.!EH.'I o occur
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some of the ndverse effects of poverry «
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Socioeconomic status:
Impaired language and executive function in children

Morbidity Rate by Socioeconomic Status Level Developrental Science 8:1 (I005), pp T4-B7

PAPER

Neurocognitive correlates of socioeconomic status in
kindergarten children

Kimberly G. Noble," * M. Frank Norman' and Martha ). Farah'

W Pernapivas

Abstract
Effects of adversity
at 9 years old on
blood pressure and
body mass
Gary Evans

yifew, the pariefaspaiie ¢

Impaired language, executive function



Adverse Childhood Experiences

Insights Into Causal Pathways for Ischemic Heart Disease
Adverse Childhood Experiences Study

Maxia Dong, MD, PhD; Wayne H. Giles, MD, M5; Vincent J. Felitti, MD; Shanta K. Dube, MPH,;
Janice E. Williams, PhD); Daniel P. Chapman, PhD; Robert F. Anda, MD, M5

Backgre
abuse

riated with ACE
mbers from




How Traumatic Stress and Chronic Stress Interact
with Daily Life to Affect Health and Behavior

raumatic

stress Pre-Existing State of

Brain and Body.

Stresses of daily life.

Chaos, Conflict, Lack of Control

5 irast: Anxiety,

y contrast. Depression, and
Acute Stress Disturbed Sleep
(non-traumatic)

Overeating, Heavy Drinking,
; } Smoking, No Exercise
Fight or Flight
! _ 4 Chronic physiologic stress
Survival burden (allostatic overload
. Chronically elevated: Tachycardia,
Adaptat|0n Cortisol, Insulin, and 4 sp,
l Inflammatory Cytokines Hyperlipidemia
Recovery

Hypertension, diabetes,
obesity, coronary disease,
arthritis, depression, and fatigue.




Let’s not forget
about genes



Nature-Nurture Interactions: Study in New Zealand

Monoamine oxidase genes influence whether childhood
abuse will be transmitted from abuser to child

Caspi, A.; McClay, J.; Moffitt, T. E.; Mill, J.; Martin, J.; Craig, |. W.; Taylor, A., and Poulton, R.
Role of genotype in the cycle of violence in maltreated children.
Science. 2002; 297:851-854.

Serotonin transporter genes influence vulnerability
to life-stress in causing depression

Caspi, A.; Sugden, K.; Moffitt, T. E.; Taylor, A.; Craig, I. W.; Harrington, H.; McClay, J.; Mill, J.;
Martin, J.; Braithwaite, A., and Poulton, R.

Influence of life stress on depression: Moderation by a polymorphism in the 5-HTT gene.
Science. 2003; 301:386-389.



Influence of social
hierarchies



Schematic of a Visible Burrow System Chronic Stress: VBS

Chamber
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high stress hormones; numerous
changes in brain chemistry.
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Some subordinates are
more stressed than others.







Unstable Social Hierarchies and CVD

3 BEHAVIORAL EXACERBATION OF ATHEROSCLEROSIS 55

Standardized Mortality Ratio, by
Occupational Status

Females

Males
will _

vigrat Lowsst  Highest Lowsat )
- FIG. 3.1. Mean coronary artery

Morbidity Rate by Socioeconomic Status Level I _
— m— plaque (intimal) area measure-

Standardized Mortaity Ratie
s s i 0 E

e , ments (+/— SEM) among domi-
== Carvical cancer /

nant and subordinate monkeys
b in the stable and unstable (i.e.,

periodically reorganized)-social

conditions (Manuck et al., 1988.

American Heart Journal, 116(2),

p. 330. Reprinted by

permission). " Unstabie

For females, subordinate social status
Increase atherosclerosis



Psychosocial Factors in Causation of Disease

Standardized Mortality Ratio, by
Occupational Status

Females

Standardized Mortality Ratio
o83 s28883

Highest Lowest Highest Lowest
Occupational Status Occupational Status of Husband

7 Morbldlty Rate by Socioeconomic Status Level

=== Osteocarthritis
== Chronic disease
= Hypertension
=== Cervical cancer

Social position
-perceived
-actual

Discrimination
- perceived
- actual

Education/resources
-money, intellect
NEE IS

Access/use of healthcare

Lifestyle
-diet
-alcohol
-smoking
-exercise

Stressors from
- work
- family
- neighborhood
- life events

How does SES get “under the skin”?



Interventions



Pharmaceutical agents that help treat stress
and consequences of allostatic load

Beta blockers.
Prazosin for PTSD
Anxiolytics.
Antidepressants.
Glucocorticoid receptor antagonists.
CRF antagonists.
Anti-diabetic medications - eg, metformin
Anti-craving - eg endocannabinoid antagonists.

Anti-inflammatory medications.



Top down interventions

Social support
Physical activity

Programs that combine both



Top-down interventions: social integration

% High AL (5+)

501

40-

30+

20+

10+

Social Integration REDUCES Allostatic Load:
MacArthur Successful Aging Study

Men Women

O 0-2 ties m 3+ ties

Teresa Seeman, UCLA, and colleagues



Physical activity reduces allostatic load

Diabetes Prevention Program: Exercise

http://www.preventdiabetes.com/)

"Participants randomly assigned to intensive lifestyle intervention
Reduced their risk of getting type 2 diabetes by 58 percent. On
average, this group maintained their physical activity at 30 minutes
per day, usually with walking or other moderate intensity

exercise, and lost 5-7 percent of their body weight. Participants
randomized to treatment with metformin reduced their risk of
getting type 2 diabetes by 31 percent"”

Exercise improves aspects of cognitive function,
esp, PFC and hippocampus

Exercise is also an effective treatment for depression
and increases neurogenesis.



Exercise stimulates neurogenesis

NeuN BrdU
. ” o ‘_
208 . 1
&
SHAY merged

Neurotrophins increase in brain
IGF-1 enters brain and mediates increased neurogenesis
(Anti-depressants also increase neuronal proliferation)



Top-down interventions: exercise

Cardiovascular fitness, cortical plasticity, and aging

Stanley J. Colcombe*?, Arthur F. Kramer*™*%, Kirk 1. Erickson*'%, Paige Scalf*™®, Edward McAuley", Neal J. Cohen* ',

Andrew Webb*!, Gerry J. Jerome", David X. Marquez", and Steriani Elavsky"

*The Beckman Institute, *Meurcscience Program, and Departments of Psychology, "Kinesiology, and |Electrical and Chemical Engineering, University of
lllingis at Urbana-Champaign, Urbana, IL 61801

High Fit > Low Fit High Fit > Low Fit Low Fit > High Fit

MFG

Fig. 2. Regional differences in cortical recruitment as a function of cardiovascular fitness, 5ee Table 1 for cluster descriptions.

Attentional network: prefrontal and parietal cortex



Benefits of activity, social interactions and finding
meaning and purpose in life

ournal of Urban Health: Bulletin of the New York Academy of Medicine viol. B1, Mo, 1, March 204
The Hew York Acad emy of Medicine

A Social Model for Health Promotion for
an Aging Population: Initial Evidence
on the Experience Corps Model
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THE END OF STRESS

AS WE KNOW IT

Bruce Mckwen

with Elizabeth Norton Lasley

d by Robert Sapolsky




How Does One Measure Allostatic Load?
From MacArthur Successful Aging Study

Cardiovascular « Resting Systolic, Diastolic
BP

. « Ur. cortisol (12 hr), DHEA-
HPA AXIS S

« Ur. NE, EPI (12hr)
Symp. Nerv. System

 Gly. Hemoglobin, HDL/total
Cholesterol, WHR
Metabolism

Teresa Seeman, Burt Singer, Ralph Horwitz, Jack Rowe



Predictions from Increased Allostatic Load:
MacArthur Successful Aging Study

» 7-year All Cause Mortality

* Incident CVD

» Change in Physical
performance

» Change in Cognitive
performance



Additions to Operationalization of Allostatic Load

* Inflammation . | .6 CRP,

fibrinogen
 Lung Fx
e Peak Flow rate
* Renal Fx . Creatinine

clearance

e Cardiovascular
e Heart rate

variability



Effects of Stress on Frontal Cortical Morphology

21d Stress induces contrasting effects in mPFC and OFC
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Liston et al, 2006.
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