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Is stress the non-specific response of the body to any demand?

Evolution of concepts of stress and distress

Is there a unitary sympathoadrenal “fight-or-flight” system?

Topics of this Lecture

A homeostatic definition of stress

What is Scientific Integrative Medicine?

Examples of applications of Scientific Integrative Medicine
to mind-body disorders

Can one define distress in a manner that does not assume
pathology?



Walter B. Cannon

Cannon: Father of Homeostasis



SNS

Dec. Bleeding
Inc. Glucose

Stressor

Stressor

Stressor

Stressor

AHS Inc. Metabolic Rate
Inc. Breathing
Pallor, Bristling, Trembling
Dec. Gut Motility
Dec. Potassium
Inc. Emotional Intensity

HOMEOSTASIS

Inc. BP

Cannon’s Views on Stress and Homeostasis



ANS

PNS SNS AHSENS
Langley Cannon

Cannon’s “Sympathoadrenal” System



SNS-AHS Functions in Emergencies



y = 0.86 + 0.64x   R= 0.4 

AHS-SNS Relationship Across Stressors

Goldstein & Kopin, Endocr. Regul. 2008;42:111-119
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Goldstein & Kopin, Endocr. Regul. 2008;42:111-119

AHS-SNS Relationship Across Stressors



SNS AHS

2-DG
Distress

Mild core hypothermia

Orthostasis

Differential SNS vs. AHS Activation

Mild exercise
Cool temperature at skin of back 0

Neurocardiogenic syncope



Hans Selye



Selye’s Concept of Stress

Selye H. Stress without Distress. NY:New American Library, 1974

“…the nonspecific response of the body to any demand made
upon it.”

The doctrine of non-specificity



Stressor Intensity

Response

Non-Specific (=Stress)

Specific

Selye’s Concept of Stress



Emphasis on the Adrenal Cortex

Selye H. Stress Without Distress.
NY:New American Library, 1974.



Stressor

Stressor

Stressor

Stressor

HPA “Stress
Syndrome”

Adrenal Gland Enlargement
Decreased Immunity
GI Bleeding

Selye’s Concept of Stress
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Selye’s Doctrine of Non-Specificity
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Selye

The Threshold Concept

Chrousos & Gold. JAMA 1992;267:1244-1252
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y = 1.3 + 0.4x   R= 0.49 

Cold

Orthostasis

Hypoglycemia

Exercise to
Exhaustion

Goldstein & Kopin, Endocr. Regul. 2008;42:111-119

SNS-HPA Relationship Across Stressors
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y = 0.061 + 1.1x   R= 0.93 

Goldstein & Kopin, Endocr. Regul. 2008;42:111-119

AHS-HPA Relationship Across Stressors



Stressor Autonomic Somatic
>Hemorrhage SNS Pica

Hypoglycemia Hunger

>Water depriv. AVP SNS Water seeking

Cold SNS HPAAHS> = Hand rubbing

> >Salt depriv. DARAS SNS Salt hunger

Fight > =SNS HPAAHS Clench, grimace

Flight SNS HPAAHS= = Escape

= =Fright SNSHPAAHS Trembling, Fawning 

Faint = = AVPPNSAHS Swooning, Hyperventilation

Primitive Specificity

= >HPA SNSAHS

= HPAAHS



Selye’s Concept of Distress

“Damaging or unpleasant stress is distress.”

“…harmful, unpleasant stress.”

Selye H. Stress without Distress. NY:New American Library, 1974

Duality of assumed pathology and aversiveness



Assumption of Pathology (Physical)



Assumption of Pathology (Psychological)



Characteristics of Distress

Distress is a form of stress that is characterized by:

Consciousness (sensed failure to cope)

Aversiveness

Instinctively communicated signs

Adrenal gland activation

Note: No assumption of pathology.



Definitions of Stress and Distress

Stress is a condition where expectations, whether genetically
programmed, established by prior learning, or deduced from
circumstances, do not match the current or anticipated perceptions
of the internal or external environment, and the sensed discrepancy
elicits primitively specific compensatory responses.

Distress is a form of stress that is characterized by consciousness,
aversiveness, instinctively communicated signs, and
adrenomedullary and adrenocortical activation. There is no
assumption of pathology.



Scientific integrative medicine applies systems
thinking to understand clinical disorders of
homeostasis. 

Scientific Integrative Medicine

Goldstein DS. In Battle C O (Ed) Essentials of Public Health Biology: 
A Companion Guide for the Study of Pathophysiology. 

Sudbury, MA: Jones and Bartlett Publishers, 2009, pp. 251-262



Emphasis on feedback-regulated systems

Not a discipline, single disorder, or group of disorders

An approach, or a way of thinking

Scientific Integrative Medicine

Complexity

Adaptive changes

Mind-body syndromes & chronic degenerative diseases

Emphasis on wellness & prevention 



Multiple effectors

Negative feedback regulation

Shared effectors

Homeostatic definitions of stress & allostatic load

Positive feedback

Concepts of Scientific Integrative Medicine

Goldstein DS. In Battle C O (Ed) Essentials of Public Health Biology: 
A Companion Guide for the Study of Pathophysiology. 

Sudbury, MA: Jones and Bartlett Publishers, 2009, pp. 251-262

Compensatory activation and effective treatment



A Homeostatic System

PERTURBATION

AFFERENT
INFORMATION

MONITORED
VARIABLE

HOMEOSTAT

EFFECTORS

REGULATOR

Goldstein DS. Adrenaline and the Inner World:
An Introduction to Scientific Integrative Medicine. 

Baltimore, MD: The Johns Hopkins University Press, 2006



Negative Feedback Regulation

Goldstein DS. Ann NY Acad Sci 2008;1148:223-231
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The Sleeper Hold

Goldstein DS. Adrenaline and the Inner World:
An Introduction to Scientific Integrative Medicine. 

Baltimore, MD: The Johns Hopkins University Press, 2006



SNS

Barostat

PNSAHS

The Arterial Baroreflex

Baroreceptors

Blood Pressure

AVPRAS

Goldstein DS. Adrenaline and the Inner World:
An Introduction to Scientific Integrative Medicine. 

Baltimore, MD: The Johns Hopkins University Press, 2006



Baroreflex Failure

SNS

Barostat

PNSAHSBaroreceptors

Blood Pressure

AVPRAS

Goldstein DS. Adrenaline and the Inner World:
An Introduction to Scientific Integrative Medicine. 

Baltimore, MD: The Johns Hopkins University Press, 2006



BP Variability from Barostat Disruption

Sharabi et al. Hypertension 2003;42:110-116



Effector 2
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INFORMATION

Goldstein DS. Ann NY Acad Sci 2008;1148:223-231

Compensatory Activation



OUTSIDE TEMP.

CORE
TEMP.

SNS THYAFFERENT
INFORMATION

Compensatory Activation

THERMOSTAT

Goldstein DS. Ann NY Acad Sci 2008;1148:223-231



Effector Sharing
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EFFECTOR AFFERENT
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AFFERENT
INFORMATION
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Goldstein DS. Ann NY Acad Sci 2008;1148:223-231



Effector Sharing

HEART FAILURE

AFFERENT
INFORMATION

SERUM
SODIUM

CARDIAC
OUTPUT

BAROSTAT

BARORECEPTOR
AFFERENTS

OSMOSTAT

AVP

Goldstein DS. Ann NY Acad Sci 2008;1148:223-231



Thermostat

SNS SCS

SweatSkin
Blood
Flow

Heat Loss

Temp. Sensor

Core Temp.

Thermostat

SNS SCS

SweatSkin
Blood
Flow

Heat Loss

Temp. Sensor
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Heat
Production

HEAT EXPOSURE HEAT SHOCK

AHSSNSSNS SCS

Positive Feedback: Heat Shock

Goldstein DS. Adrenaline and the Inner World:
An Introduction to Scientific Integrative Medicine. 

Baltimore, MD: The Johns Hopkins University Press, 2006



AHS

Skeletal vasodilation

Systemic
vasodilation

SNS Cut. Vasoconstr.

Syncope from Positive Feedback

Brainstem hypoperfusion



Positive Feedback Loops in Heart Failure

Barostat

SNS

Decompensation

Cardiac Hypertrophy

Baroreceptor
Disinhibition

Coronary Ischemia Inc. TPR

Arrhythmias Down-reg. Beta-receptors



Definition of Stress

Stress is a condition where expectations, whether genetically
programmed, established by prior learning, or deduced from
circumstances, do not match the current or anticipated perceptions
of the internal or external environment, and the sensed discrepancy
elicits primitively specific compensatory responses.

Goldstein DS. Stress, Catecholamines, and Cardiovascular Disease.
New York: Oxford Univ. Press, 1995



Homeostatic Definition of Stress

Goldstein DS. Adrenaline and the Inner World:
An Introduction to Scientific Integrative Medicine. 

Baltimore, MD: The Johns Hopkins University Press, 2006



Computer Model of Stress

House Temperature

Rate of Temp Change
Outside Temp

k Insulation

Heating Rate

Thermostat Setting

Error Signal

k Heating

Input Signal

Outside Temperature Perturbation

STRESS



Regulation of Temperature



Mind 

Autonomic
Nervous
System

Inner World

Somatic
Nervous
System

Outer World

The Mind-Body “Problem”

Goldstein DS, Smith LJ. The NDRF Handbook for Patients with. 
Dysautonomias. Armonk, New Work: Futura, 2002



Takotusbo cardiopathy

Functional Catecholamine System Disorders

Neurocardiogenic syncope

Postural tachycardia syndrome



a b c

Takotsubo Cardiopathy

Akashi et al., Circulation 2008;118:2754-2762



Wittstein et al., N Engl J Med 2005;352-539-548

Stress Cardiomyopathy



EXTERNAL THREAT
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Goldstein DS. Ann NY Acad Sci 2008;1148:223-231

Positive Feedback: Takotsubo Cardiopathy
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“Sympathoadrenal Imbalance” before Fainting



Supine Tilt Syncope

Hemodynamics of Tilt-Induced Fainting
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Orthostasis
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House Temperature

Rate of Temp Change
Outside Temp

k Insulation

Heating Rate

Thermostat Setting

Error Signal

k Heating
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Furnace Wear Rate

k Obsolescence

Heating Rate
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LOAD

Computer Model of Allostatic Load



Predictions of Stress and Allostatic Load on Clinical Status



Stress responses have a degree of primitive specificity.

Across stressors there is closer agreement of adrenomedullary
with HPA activation than with sympathoneural activation.

Conclusions

A homeostatic definition of stress allows for modeling and
hypothesis testing, and a definition of distress is proposed that
does not assume pathology.

Scientific Integrative Medicine provides a framework for
teaching, research, and practices that maximize wellness and
decrease personal and societal burdens of disease.

Mind-body disorders are multi-disciplinary, crossing traditional
boundaries of cardiology, neurology, endocrinology, and psychiatry.
Computer models can predict effects of stress, aging, and 
allostatic load and aging on clinical status.



 Irwin J. Kopin
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