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• Stress  physiology  was  reviewed  from  a  systems  science  perspective.
• Stressors  push  biological  systems  from  baseline  toward  lower  utility  states.
• The  system  change  is based  on  objective  attributes  and perceptions  of  the  stressor.
• Allostatic  load  is utility  reduction  due  to stress-related  state  changes.
• Resilience  affects  ability  to  return  to high  utility  state  following  perturbations.

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 25 November 2014
Received in revised form
18 December 2014
Accepted 21 December 2014
Available online 27 December 2014

Keywords:
Psychological stress
Systems science
Allostatic load
Resilience

a  b  s  t  r  a  c  t

The  paper  focuses  on  the  biology  of  stress  and  resilience  and their  biomarkers  in  humans  from  the  system
science  perspective.  A  stressor  pushes  the  physiological  system  away  from  its baseline  state  toward  a
lower  utility  state.  The  physiological  system  may  return  toward  the original  state  in one  attractor  basin
but  may  be  shifted  to a  state  in  another,  lower  utility  attractor  basin.  While  some  physiological  changes
induced  by  stressors  may  benefit  health,  there  is  often  a chronic  wear  and tear  cost  due  to implementing
changes  to  enable  the  return  of  the  system  to its baseline  state  and  maintain  itself  in  the high  utility
baseline  attractor  basin  following  repeated  perturbations.  This  cost,  also  called  allostatic  load,  is  the  utility
reduction  associated  with  both  a change  in  state  and  with  alterations  in the  attractor  basin  that  affect
system  responses  following  future  perturbations.  This  added cost  can  increase  the time  course  of  the
return  to baseline  or the  likelihood  of moving  into  a  different  attractor  basin  following  a perturbation.
Opposite  to  this  is the  system’s  resilience  which  influences  its  ability  to  return  to  the high utility attractor
basin  following  a  perturbation  by  increasing  the  likelihood  and/or  speed  of returning  to  the  baseline  state
following  a stressor.  This  review  paper  is  a  qualitative  systematic  review;  it covers  areas  most  relevant  for
moving  the  stress  and  resilience  field  forward  from  a more  quantitative  and  neuroscientific  perspective.
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1. Introduction

Psychological stress is common in our society. A recent sur-
vey indicated that 25% of Americans reported high stress and
50% identified a major stressful event during the previous year
[1]. Chronic psychological stress increases risk of health prob-
lems and contributes to cardiovascular problems [2,3], neurologic
and psychiatric diseases such as epilepsy [4], Parkinson’s disease
[5], multiple sclerosis [6], eating disorders, addictions [7], post-
traumatic stress disorder (PTSD), and sleep difficulties. Therefore,
it is important to develop evidence-based methods that minimize
stress impact. A fuller understanding of stress physiology and psy-
chology can be achieved by approaching this topic from different
angles. This work offers a review of stress physiology and psychol-
ogy from a systems science perspective.

Systems science is a methodology used to understand complex
systems from organizational, structural, and dynamic perspectives
[8]. From a systems science viewpoint, stress often corresponds to a
state away from optimal in a dynamical system where the optimal
location represents a high utility attractor. An attractor basin in a
dynamical system corresponds to the conceptual space of locations
in which the system resides over time. The state of stress results
from a perturbation arising from the internal or external environ-
ment (stressor). This stressor could result in the system returning to
the baseline optimal attractor or moving into a lower utility attrac-
tor basin. The attractor basin is the region of space that shares the
same attractor and the whole space may  have multiple attractors
(Fig. 1).

The attractor in the human system is not a fixed point attractor
given the multidimensional nature and, almost inherent, within-
subject temporal variability of the physiological measures of state.
The noise present in the measurement of the many variables con-
stituting the human system implies the observed human system
is stochastic; thus, the attractors are very difficult to describe. In
addition, given the varying time frames over which the compo-
nents of the human physiological system change, the terms state
and variable describing more immediate changes and the terms
trait or parameter describing longer time frame changes repre-
sent an artificial separation of the various physiological measures
that have different units and widely distributed half-lives. What-
ever the attractor, even if the system returns to the baseline high
utility attractor, there is often some underlying cost. This cost to
the system is a change in the underlying physiology that may:
(1) decrease the rate of return to the high utility attractor or (2)
decrease the likelihood of returning to the optimal attractor follow-
ing a future stressor perturbation because the size of the attractor
basin is smaller or the attractor has moved closer to a boundary
with a non-optimal attractor basin. The movement of the dynam-
ical system into a different attractor basin could also be due to a

HEALTHY
A�rac tor Basin

(higher u�lity  than PTSD  
but less than in  (a) )

HEALTHY
A�rac tor Basin
(higher u�lity)

PTSD
A�rac tor Basin
(lower u�lity)

PTSD
A�rac tor Basin
(lower u�lity)

a) Higher Resilience Case 

b) Lower Resilience Case

Fig. 1. Attractor basins, utility, and resilience. Hypothetical example of space of
possible human physiological states with two attractor basins, one being a healthy
higher utility condition and one a lower utility condition state of PTSD (in this fig-
ure,  higher utility is downward). The attractor basins can tolerate movement of
the  hypothetical person (solid circle) in the horizontal direction from an external
stressor without leaving its basin of attraction. However, with sufficient movement
from a stressor, one may  go from a higher utility healthy condition basin to a lower
utility PTSD basin. The healthy condition in b has lower resilience than in a, with
less stress required to shift it to the lower utility basin.

single severe stressor potentially via a dynamical system catastro-
phe, for example, development of PTSD following a single event
(Fig. 2).

Besides negative effects, the stressor can also induce beneficial
changes leaving the system more resilient to future perturbations,
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