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Income and Education: Effects on Longievity and Health

How does SES get “under the skin”?



Income and education: gradients of mental health

How does SES get “under the skin”?



How do brain and body
communicate?



Mind 

“The seat of awareness, thought, volition and 
feeling”  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.



Autonomic nervous system Neuroendocrine System Immune System

Three Major Systems for Brain - Body Communication



Glucocorticoids (eg. Cortisol)

Sympathetic NS

Inflammatory cytokines

Parasymp NS

Anti-inflammatory cytokines

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

Mediators of allostasis and allostatic load

ROS 
“Oxidative Stress”



Stress - a challenge  to the body
PROTECTION VS. DAMAGE

Allostasis - leads to adaptation

Sterling and Eyer  1988;   McEwen and Stellar 1993



What is Stress?



Stressed vs. Stressed Out

Fight or flight
Anxiety

Health-risky
behaviors



CRHAVP

ACTH

Cortisol

STRESS

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

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

Many targets 
for cortisol
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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

Oxidative stress

One decade of 
accelerated aging

Also, telomere 
shortening reported

with
diabetes and CVD



Pre-Existing State of
Brain and Body.

How Chronic Stress in Daily Life
Affects Health and Behavior 

Anxiety,
Depression, and
Disturbed Sleep

Chronically elevated: 
Cortisol, Insulin, and 
Inflammatory Cytokines

Chaos, Conflict,        Lack of Control

Chronic physiologic stress 
burden (allostatic overload)

Overeating,             Heavy Drinking,
Smoking,                 No Exercise

Hypertension, diabetes,
obesity, coronary disease, 

arthritis, depression, and fatigue.

Stresses of daily life.

Tachycardia,   
BP, 

Hyperlipidemia

Acute Stress
(non-traumatic)

Fight or Flight 

Survival

Adaptation

Recovery

By contrast:



What is the physiology of positive affect?

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



Amygdala
Hippocampus

The The Human BrainHuman Brain Under StressUnder Stress::
key brain regionskey brain regions

Hippocampus
Contextual, episodic, spatial 
memory

Atrophy

Amygdala
Emotion. fear, anxiety

Hypertrophy.

later atrophy

Prefrontal cortex
Executive function, working memory
Atrophy



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
Shortened dendrites - PFC
Expanded dendrites - OFC
Increased dendrites - BLA

Repeated stress: 
effects on behavior and structural remodeling

Resident-intruder model:
ree shrew (E. Fuchs)



Vulnerable to damage.

Dendrites shrink with stress

Mossy fiber terminals:
glutamate release

Dentate gyrus - CA3:
plasticity and vulnerability

Neurogenesis
reduced by
stress



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

A B

Hippocampus:Hippocampus:
Dendritic Dendritic atrophy after stressatrophy after stress

McEwen, 1999



Neurogenesis in hippocampus

Exercise increase neurogenesis; stress suppresses neurogenesis
Antidepressants increase neurogenesis



28 Days of Resident28 Days of Resident--Intruder StressIntruder Stress



Chronic Confrontation with Dominant Chronic Confrontation with Dominant 
Causes Remodeling of HippocampusCauses Remodeling of Hippocampus

CA3 dendrites remodeled

Neurogenesis suppressed



Prolonged depression: hippocampal atrophy



Why happens during aging?

Amygdala
Hippocampus



A Shrinking Hippocampus
MILD COGNITIVE IMPAIRMENT (MCI) and GLUCOSE TOLERANCE

Glut-8

Glucose transporters in brain

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



Is there a neurobiology of self esteem?

Failure to habituate HPA response to public speaking

Poor HPA
shut-off
after stress

and 

a  smaller

hippocampus

Glucocorticoid
Cascade 
Hypothesis

Vicious
cycle
and
hippocampal
shrinkage



Is there a neurobiology of self esteem?



Chronic 
stress

ControlControl

Chronic 
stress

Prefrontal Cortex Amygdala

Stress causes neurons to shrink or grow
….but not necessarily to die



Amydala and PFC are Hyperactive 
in Depression and Anxiety Disorders
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mPFC:  external influences and responses



Spine density: controls

Spine density: stressed
(Radley et al, 2005)

Effects of Stress on Prefrontal Cortical Morphology
1. 21 days of repeated restraint stress, 6 hours daily

2. Layer II/III 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



Translation to medical students under stress

Perceived Stress Scale- 10 Item
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.

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

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

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

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

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

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

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

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

9. 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?

___0=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



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

Helplessness

Psychological distress

Self-regulatory behavior



Socioeconomic status:
impaired language and executive function  in children

Impaired language, executive function

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



Adverse Childhood Experiences



Pre-Existing State of
Brain and Body.

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

Anxiety,
Depression, and
Disturbed Sleep

Chronically elevated: 
Cortisol, Insulin, and 
Inflammatory Cytokines

Chaos, Conflict,        Lack of Control

Chronic physiologic stress 
burden (allostatic overload)

Overeating,             Heavy Drinking,
Smoking,                 No Exercise

Hypertension, diabetes,
obesity, coronary disease, 

arthritis, depression, and fatigue.

Stresses of daily life.

Tachycardia,   
BP, 

Hyperlipidemia

Acute Stress
(non-traumatic)

Fight or Flight 

Survival

Adaptation

Recovery

By contrast:

Traumatic 
stress



Let’s not forget 
about genes



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, I. 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.

Nature-Nurture Interactions:  Study in New Zealand



Influence of social
hierarchies



Chronic Stress:  VBS

5 males, 2 females

Dominant has fewest scars

Subordinates - low testosterone and 
high stress hormones;   numerous 
changes in brain chemistry.

Some subordinates are 
more stressed than others.





Unstable Social Hierarchies and CVD

For females,  subordinate social status
Increase atherosclerosis

Males



Psychosocial Factors in Causation of Disease
Social position 
-perceived 
-actual

Discrimination
- perceived
- actual

Education/resources
-money, intellect
-life skills 

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
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Social Integration REDUCES  Social Integration REDUCES  Allostatic Allostatic Load:Load:
MacArthur MacArthur Successful Aging StudySuccessful Aging Study

Teresa Seeman, UCLA, and colleagues

Top-down interventions: social integration



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" 

Diabetes Prevention Program: Exercise

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

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

Physical activity reduces allostatic load



Exercise stimulates neurogenesis

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

GFAP

BrdU

merged

NeuN

GFAP



Attentional network: prefrontal and parietal cortex

Top-down interventions: exercise



Benefits of activity, social interactions and finding
meaning and purpose in life
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How Does One  Measure How Does One  Measure Allostatic Allostatic Load?Load?
From From MacArthur MacArthur Successful Aging StudySuccessful Aging Study

• Cardiovascular

• HPA Axis

• Symp. Nerv. System

• Metabolism

• Resting Systolic, Diastolic 
BP

• Ur. cortisol (12 hr), DHEA-
S

• Ur. NE, EPI (12hr)

• Gly. Hemoglobin, HDL/total 
Cholesterol, WHR

Teresa Seeman, Burt Singer, Ralph Horwitz, Jack Rowe



Predictions from Increased Predictions from Increased Allostatic Allostatic Load: Load: 
MacArthur MacArthur Successful Aging StudySuccessful Aging Study

• 7-year All Cause Mortality
• Incident CVD 
• Change in Physical 

performance
• Change in Cognitive 

performance



Additions toAdditions to Operationalization Operationalization of of Allostatic Allostatic LoadLoad

• Inflammation

• Lung Fx

• Renal Fx

• Cardiovascular

• IL-6, CRP, 
fibrinogen

• Peak Flow rate

• Creatinine 
clearance

• Heart rate 
variability



Effects of Stress on Frontal Cortical Morphology
21d Stress induces contrasting effects in mPFC and OFC

Liston et al, 2006.

OFC

mPFC
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