Schizophrenia fact sheet
A Systems Approach to Schizophrenia

e Major mental disorder, affecting cognitive, emotional and A nca Rddu l esSCcu
motivational aspects of behavior; : : : :
Department of Applied Mathematics, University of Colorado at Boulder

e rclatively common (1.1%, over 2.2 mill. in the US each year);
e devastating impact on social functioning: associated with
homelessness, suicide, unemployment, substance abuse;

e structurally and functionally affects cortical and subcortical

regions;
e complex and widespread symptoms: Linear m w0 . Suppose that A = & k-4 1,> 0.
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OTHERS: depreciation of sense of time and space, other bizarre behavior sk — k2 [+H ( H 1 / 2 yl k 2 ) K 1 [+H ( yl 'Mz B kl 72 ) equlhbrlum. It 1 > unhkely that the braln Operates Wlth

- 3 e —— (a*, p*)= y : y such on-off switches between stable and unstable
¢ unxnown c;aus.es 4t nguf{o-.p. ys10 %%}CE (Iinec ,agl,smli’ . DIM: behaviour. A linear model 1s therefore too simplistic to
¢ consensua axiomatic N %n1t1on, PUBHISHES PELIOGICALLY 1 ’ where A = k k,-l 14, 1s the determinant of the system’s Jacobian matrix. capture more subtle phenomena.

e diagnosis based on statistical behavior rather than etiology;
e symptomatic components overlap with those of other conditions;
e currently incurable, as all treatment remains elusive . Nonlinear m I It ot
: nterpretation:
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The etiology of schizophrenia is based on neural vulnerability and dt 28T P Vz[ V( ) ( )<p P )] e o< 0 is the signature of schizophrenia. If a stimulus
deg§neration. The symptoms §Veptgally result 45 dn overlap Off elevates amygdala activation to a value outside of the
environmental stress onto the individual’s hereditary premorbid The system has a fixed point at (a* p*) and exhibits a Hopf bifurcation at u,=L,, with : : : :
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that govern brain interactions are broken: 2y, 4

Pre-existing hippocampal/prefrontal deficit
Decreased 1nhibition of the amygdala . A2 .
j: ~\ _: N j: .
Higher arousal levels, even under minor stress 5 o .
Autonomic and endocrine effects TN 1N TN i
(changes in HRV, electrodermal activity, cortisol levels) S o . | ><
Brain neurotoxicit " : : .. ; ;
Y e If 0> 0, the system has a subcritical Hopf bifurcation at u, = [i,. o If 0<0, the system has a supercritical Hopf bifurcation at =/,
Further h torefrontal d a For u, > W,, (a*p™)1s an attractor. o For i, > W, (a*,p*) is an attractor surrounded by a repelling cycle.
urther hippocampus/prefrontal damage : :
PP pus’p S o For y <, (a*p*)isa repeller surrounded by an attracting cycle. o For i, < [, (a*,p*) is a repeller.

Two clinical systems with very similar underlying rules can exhibit drastically different long term behaviour when started under the same initial conditions. A bifurcation could constitute the normality versus pathology threshold needed
for clinical evaluations. Then, both diagnosis of 1llness and quantification of illness severity could be achieved by calculating the Lyapunov number of a system constructed from clinical measures. Our model supports the 1dea that the
dynamics of a diseased system 1s not driven randomly, but 1s rather only apparently random due to its complicated behaviour over short time periods. This 1dea 1s very important for clinical treatment, as the behaviour of a deterministic

system can be changed by proper tuning of the parameters.




