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Abstract

We examine the accelerating worldwide obesity epidemic us-
ing a mathematical model relating a cognitive hypothalamic-
pituitary-adrenal axis tuned by embedding cultural context
to a signal of chronic, structured, psychosocial threat. The
obesity epidemic emerges as a distorted physiological image of
ratcheting social pathology involving massive, policy-driven,
economic and social ‘structural adjustment’ causing increas-
ing individual, family, and community insecurity. The re-
sulting, broadly developmental, disorder, while stratified by
expected divisions of class, ethnicity, and culture, is nonethe-
less relentlessly engulfing even affluent majority populations
across the globe. The progression of analogous epidemics in
affluent Western and East Asian societies is particularly note-
worthy since these enjoy markedly different cultural struc-
tures, known to influence even such fundamental psychophys-
ical phenomena as change blindness. Indeed, until recently
population patterns of obesity were quite different for these
cultures. We attribute the entrainment of East Asian societies
into the obesity epidemic to the diffusion of Western socioe-
conomic practices whose imposed resource uncertainties and
exacerbation of social and economic divisions constitute pow-
erful threat signals. We find that individual-oriented ‘ther-
apeutic’ interventions against obesity will be largely ineffec-
tive since the therapeutic process itself (e.g. reliance on drug
treatments) embodies the very threats causing the epidemic.

Key Words culture, deindustrialization, deurbanization,
globalization, hierarchy, information theory, obesity, phase
transition, social dominance.

Introduction

Obesity is epidemic across the globe. Current rates of over-
weight and obesity in the United States are 61% and 14%
in adults and children respectively. Obesity in adults has
nearly doubled since 1980, from 15% in 1980 to 27% by 1999

∗Address correspondence to R. Wallace, PISCS Inc., 549 W. 123
St., Suite 16F, New York, NY, 10027. Telephone (212) 865-4766, rd-
wall@ix.netcom.com. Affiliations are for identification only.

(e.g. Wellman and Friedberg, 2002). Childhood overweight
is rapidly rising in the US, particularly among African Amer-
icans and Hispanics. By 1998 prevalence increased to 21.5%
in African Americans, 21.8% among Hispanics, and 12.3%
among non-Hispanic whites aged 4 to 12 years (Strauss and
Pollack, 2001).

Japan (e.g. Yoshiike et al., 2002; Isshiki et al., 2002; Mat-
sushita et al., 2004) and China (e.g. Yu, 2006), although
starting from significantly lower baselines, now show rapid
increases in the prevalence of the problem. Yoshiike et al.
(2002), for example, find that

“Obesity has become a public health problem
in Japan... By 2000 prevalence of preobese (bmi
25-29.9 kg/m2) and obesity (bmi ≥ 30kg/m2) was
24.5% and 2.3% in males, and 17.8% and 3.4%
respectively in females aged 20 years and older.
Although the fraction of the population of obese
adults is quite low compared with western societies
and some other Asian countries, the prevalence of
overweight... reached one-fifth to one-quarter of
Japanese adults.”

This rapid change in previously non-obese, East Asian pop-
ulations will be a particular focus of our analysis.

The obesity epidemic is associated with serious health con-
ditions including type 2 diabetes, heart disease, high blood
pressure and stroke, certain types of cancer, hypoxia, sleep
apnea, hernia, and arthritis. It is a major cause of economic
loss, death, and suffering which shows no indications of abate-
ment.

Within the US obesity is unevenly distributed geograph-
ically, ethnically, and by socioeconomic class. Urban peo-
ple of color (Allan, 1998), poor Southern states (Mokdad et
al., 1999), and poor neighborhoods within cities (Ginsberg-
Fellner et al, 1981) have higher prevalences. The Southern
states form the epicenter of the geographically spreading epi-
demic (Mokdad et al., 1999), a picture of contagion between
populations.

The famous Whitehall Studies of British civil servants
(Brunner et al., 1997) found that coronary heart disease and
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central abdominal fat deposition incidences were strongly as-
sociated with the occupational hierarchy. Locus of work con-
trol was a major factor in both central abdominal fat de-
position and coronary heart disease. Power relations in the
workplace imposed a particular structure of stress.

Furthermore, stress which causes sleep deficits shifts
metabolism toward fat accumulation and central abdominal
deposition (Spiegel et al, 1999). The Hypothalamic-pituitary-
adrenal (HPA) axis is central to the mechanisms (Chrousos,
2000; Bjorntorp, 2001). So the stress involves adrenal reac-
tions to serious threats.

Our overall hypothesis is that large numbers of people
across the globe now feel seriously threatened. The obesity
epidemic embodies the consequences of public policies: eco-
nomic insecurity from local deindustrialization and the re-
lated globalization of industrial work, social upheaval from
policy-driven destruction of cities in the US, (e.g. Wallace
and Wallace, 1998), wealth increasingly concentrated in fewer
and fewer hands, and a voting ritual which, as recent US pres-
idential elections show clearly, does not seem to matter. The
US obesity epidemic embodies, in our view, a worsening crisis
of democratic locus-of-control which will not be addressed by
platitudes about ‘eating less and exercising more’. The global
epidemic, we will argue, represents the diffusion of a grossly
exploitative system of socioeconomic structure and practice
which has begun to threaten previously stable cultures across
the world. Individual-oriented medicalized interventions such
as obesity drugs and ‘just-say-no’ admonitions to eat less and
exercise more will not serve at the population level to signifi-
cantly reduce what is essentially an addictive behavior driven
by powerful threat signals.

Stress and the HPA axis

Abdominal obesity and visceral fat accumulation are par-
ticularly associated with disease, and have become the focus
of much research on ‘stress’ and its relation to the ‘fight-or-
flight’ responses of the HPA axis. We paraphrase Bjorntorp
(2001), who extensively summarizes the role of the HPA axis
in physiological responses to stress.

When the input of noxious signals is prolonged, the HPA
axis reactivity changes from normal and relatively transient
attempts to maintain homeostasis or allostasis with tempo-
rary peaks of cortisol secretion, first, to a state of sensitiza-
tion, which reacts with exaggerated cortisol secretion after
a given input. This occurs during the most active phase of
the HPA axis, which is the early morning in humans. When
repeated too often and with sufficient strength of the input,
the first sign of malfunction is a delayed down-winding, so
that cortisol secretion stays elevated for a prolonged period of
time. Subsequently, the normal diurnal pattern is disrupted,
and morning values tend to be lower. This subsequently de-
velops into a low, steady, rigid diurnal cortisol secretion with
little reactivity, a ‘burned out’ HPA.

In parallel, the controlling, central glucocorticoid receptors
become less efficient, and down-regulated. Further challenges
are followed by atrophy of the entire system, often found af-
ter long-term, severe hypercortisolaemia as in Cushing’s syn-

drome, melancholic depression, post traumatic stress disorder
(PTSD), and the aftermath of war.

Bjorntorp (2001) describes how elevation of cortisol is fol-
lowed by visceral fat accumulation. Much research shows con-
sequent lowered sex steroid and growth hormone secretions
have the same consequence, because of the insufficient coun-
teraction against cortisol effects, and the combination of these
abnormalities powerfully directs a larger than normal fraction
of total body fat to visceral deposits.

In sum, increased activity of the HPA axis triggers both
inhibition of both the pituitary gonadal and growth hormone
axes. Stress may, then, synergistically cause accumulation of
visceral fat, via elevated cortisol secretion and decrease of sex
steroid and growth hormones.

Bjorntorp concludes in particular that the deposit of central
body fat, which is closely correlated with general measures
of obesity, can serve as a reasonable approximation to the
long-term endocrine abnormalities associated with stress and
often-repeated or chronic activation of the HPA axis.

That is, stress literally writes an image of itself onto the
body as visceral fat accumulation, first having written an im-
age of itself onto the HPA axis. The phenomenon can be in-
terpreted as the transmission of a structured signal between
communicating systems, in a large sense, i.e. from embedding
psychosocial structure to individual HPA axis.

Recent studies using a primate animal model have uncov-
ered possible mechanisms, showing a determining relation be-
tween food insecurity, early life stress, HPA axis dysregulation
and subsequent metabolic syndrome and obesity (Coplan et
al., 1996). Bonnet macaque mother-child pairs were subjected
to variable foraging demand (VFD) for 12 weeks beginning
when infants were 17 weeks old. Alternatively they had to
search through a bin with food pellets mixed with wood chips
(high foraging demand) or merely picked up food pellets out
in the open (low foraging demand). Control mothers were
exclusively subjected to either to low or high demand. VFD
mothers were distracted and showed their infants much less
attention and affection than control mothers. Persistent el-
evations of cerebrospinal fluid cortocotropin releasing factor
(CSF-CRF) concentrentations and HPA axis suppression were
evident in macaques whose mothers were subjected to VFD
but not to control mothers. Moreover these CSF-CRF eleva-
tions in VFD endured from childhood into adulthood (Coplan
et al., 2001).

Other changes that endured into adulthood included lower
gregariousness, altered disturbance in response to fear stimu-
lus, and greater social timidity (Rosenblum et al., 2001). Even
brain structure showed change with alterations in teh same
brain areas implicated in trauma-related psychiatric disorders
(Matthew et al., 2003). Evidence from this primate model
thus suggests maternal foraging unpredictability is stressful to
developing infants. Both mothers subject to VFD and their
infants show synchronized elevations of CSF-CRF (Coplan et
al., 2005) Recent data indicate that VFD offspring exhibit
early and accelerated onset of metabolic syncrome (Banerji
et al., 2005).

In addition, juvenile CSF-CRF concentrations positively

2



predict adult BMI (Gohil et al., 2001). Thus these primate
studies found that infants exposed to maternal food insecurity
showed long-term behavioral, hormonal, brain structural and
metabolic effects originating from the early life experience of
maternal-infant bond disruption. The offspring responded to
early food uncertainty in a developmental manner, with long
term dysregulation of the HPA axis and subsequent elevations
of BMI.

Here we will adapt recent developments involving a rate
distortion manifold analysis of cognitive process to the ques-
tion of how the communication of the embedding psychosocial
structure and the HPA axis might be constrained by certain
of the asymptotic limit theorems of probability. We know
that, regardless of the distribution of a particular stochastic
process, the Central Limit Theorem ensures that long sums
of independent realizations of that process will follow a Nor-
mal distribution. Similar constraints exist on the behavior of
communicating structures, and are described by the limit the-
orems of information theory. Importation of phase transition
methods from statistical physics, done much in the spirit of
the Large Deviations Program of applied probability, permits
concise and unified description of evolutionary and cognitive
learning plateaus which, in the evolutionary case, are inter-
preted as evolutionary punctuation (e.g. Wallace, 2002 b,
2005a, b, 2006, 2007; Wallace and Wallace, 1998, 1999).

‘Stress’ is seldom random in human societies, nor is it un-
differentiated like pressure under water. It is usually highly
structured, a language of sorts, having both a grammar and
a syntax, so that certain stressors are meaningful in a partic-
ular cultural context, and others are not, having little or no
long-term physiological effect. We will argue that the HPA
axis is, in fact, a cognitive system itself associated with a
‘dual information source’ which may also be expressed as a
kind of language. It is the punctuated interaction of these two
language-analogs which we will find critical to an understand-
ing of how psychosocial stress affects the HPA axis, which is
itself tuned by embedding culture. Structured stress, ulti-
mately, writes a distorted image of itself on the human body
as visceral fat deposition, triggering what becomes a broadly
developmental disorder.

This analysis has profound implications for intervention
policy.

Cultural psychology

Recent studies in cultural psychology indicate that even the
most basic psychophysical and physiological phenomena can
be culturally modulated.

The necessity for the inclusion of culture in any analysis of
the HPA axis perception of, and response to, ‘threat’ lies in
the observations of Nisbett et al. (2001), and others, follow-
ing the tradition of Markus and Kitayama (1991), regarding
fundamental differences in perception between test subjects
of Southeast Asian and Western cultural heritage across an
broad realm of experiments. East Asian perspectives are char-
acterized as holistic and Western as analytic. Nisbett et al.
(2001) find:

(1) Social organization directs attention to some aspects of
the perceptual field at the expense of others.

(2) What is attended to influences metaphysics.
(3) Metaphysics guides tacit epistemology, that is, beliefs

about the nature of the world and causality.
(4) Epistemology dictates the development and application

of some cognitive processes at the expense of others.
(5) Social organization can directly affect the plausibility of

metaphysical assumptions, such as whether causality should
be regarded as residing in the field vs. in the object.

(6) Social organization and social practice can directly in-
fluence the development and use of cognitive processes such
as dialectical vs. logical ones.

Nisbett et al. (2001) conclude that tools of thought em-
body a culture’s intellectual history, that tools have theories
build into them, and that users accept these theories, albeit
unknowingly, when they use these tools.

Heine (2001) states the underlying case as follows:

“Cultural psychology does not view culture as
a superficial wrapping of the self, of as a framework
within which selves interact, but as something that is
intrinsic to the self. It assumes that without culture
there is no self, only a biological entity deprived of
its potential... Cultural psychology maintains that
the process of becoming a self is contingent on indi-
viduals interacting with and seizing meanings from
the cultural environment...”

More recently Masuda and Nisbett (2006) examined cul-
tural variations in change blindness, a basic psychophysical
phenomenon related to inattentional blindness, and found
striking differences between Western and East Asian subjects:

“We presented participants with still photos and
with animated vignettes having changes in focal ob-
ject information and contextual information. Com-
pared to Americans, East Asians were more sensitive
to contextual changes than to focal object changes.
These results suggest that there can be cultural vari-
ation in what may seem to be basic perceptual pro-
cesses.”

The central focus of Wallace (2007) was on how culture can
affect basic perceptual process, in essence creating a topologi-
cal structure which constrains individual consciousness. Here
we simplify that analysis and apply it to a cognitive, but
not conscious, phenomenon, namely the manner in which the
HPA axis perceives and respond to patterns of threat.

The onset of an obesity epidemic in East Asian societies,
taking this perspective, is thus particularly notable, and will
be explained in terms of the market selection-driven diffusion
of pathological practices from Western culture.

HPA axis cognition

Atlan and Cohen (1998) argue that the essence of cognition
is comparison of a perceived external signal with an internal,

3



learned picture of the world, and then, upon that comparison,
the choice of a response from a much larger repertoire of pos-
sible responses. Clearly, from this perspective, the HPA axis,
the ‘flight-or-fight’ reflex, is cognitive. Upon recognition of a
new perturbation in the surrounding environment, emotional
and/or conscious cognition (Wallace, 2004, 2005a,b, 2006,
2007) evaluate and choose from several possible responses:
no action necessary, flight, fight, helplessness (i.e. flight or
fight needed, but not possible). Upon appropriate condition-
ing, the HPA axis is able to accelerate the decision process,
much as the immune system has a more efficient response to
second pathogenic challenge once the initial infection has be-
come encoded in immune memory. Certainly hyperreactivity
in the context of PTSD is a well known example.

Following the approach of Wallace (2000, 2002a, 2004,
2005a, b, 2006, 2007), we make a very general model of that
process.

Pattern recognition-and-response, as we characterize it,
proceeds by algorithmically mixing (and comparing) an in-
coming external ‘sensory’ signal with an internal ‘ongoing ac-
tivity’ – the ‘learned picture of the world’ – and, at some
point, triggering an appropriate action based on a decision
that the pattern of sensory activity requires a response. We
need not, at this point, model how the pattern recognition
system is tuned, and hence adopt a weak model regardless of
learning paradigm, which can be more formally described by
the Rate Distortion Theorem. We will, fulfilling Atlan and
Cohen’s (1998) criterion of meaning-from-response, define a
language’s contextual meaning entirely in terms of system
output. A subsequent section will examine cultural tuning
of the HPA axis.

The basic model is as follows.
A pattern of sensory input is mixed in an unspecified but

systematic manner with an internal ongoing activity to cre-
ate a path of convoluted signal x = (a0, a1, ..., an, ...). Each
ak thus represents some algorithmic or functional composi-
tion of internal and external signals. This path is fed into a
highly nonlinear, but otherwise similarly unspecified highly
nonlinear decision oscillator which generates an output h(x)
that is an element of one of two disjoint sets B0 and B1 of
possible system responses. Take

B0 ≡ b0, ..., bk,

B1 ≡ bk+1, ..., bm,

and permit a graded response, supposing that if

h(x) ∈ B0

the pattern is not recognized, and if

h(x) ∈ B1

the pattern is recognized and some action bj , k+1 ≤ j ≤ m
takes place.

We are interested in paths x which trigger pattern
recognition-and-response exactly once. That is, given a fixed

initial state a0, such that h(a0) ∈ B0, we examine all possi-
ble subsequent paths x beginning with a0 and leading exactly
once to the event h(x) ∈ B1. Thus h(a0, ..., aj) ∈ B0 for
all j < m, but h(a0, ..., am) ∈ B1. More complete discus-
sion, leading to an elaborate groupoid formulation, is given in
Wallace (2007).

For each positive integer n let N(n) be the number of high
probability ‘grammatical’ paths of length n which begin with
some particular a0 having h(a0) ∈ B0 and lead to the condi-
tion h(x) ∈ B1. Call such paths ‘meaningful’ and assume, not
unreasonably, that N(n) is considerably less than the num-
ber of all possible paths of length n. While convolution al-
gorithm, the form of the nonlinear oscillator, and the details
of grammar and syntax, may all be unspecified in this model,
the critical assumption which permits inference on necessary
conditions is that the finite limit

H ≡ lim
n→∞

log[N(n)]
n

both exists and is independent of the path x. We will –
not surprisingly – call such a pattern recognition-and-response
cognitive process ergodic.

It is thus possible to define a stationary, ergodic, in-
formation source X associated with stochastic variates Xj

having joint and conditional probabilities P (a0, ..., an) and
P (an|a0, ..., an−1) such that appropriate joint and conditional
Shannon uncertainties may be defined which satisfy the rela-
tions

H[X] = lim
n→∞

log[N(n)]
n

=

lim
n→∞

H(Xn|X0, ..., Xn−1) =

lim
n→∞

H(X0, ..., Xn)
n

.

(1)

We say this information source is dual to the ergodic cog-
nitive process.

The H-functions are cross-sectional sums of terms typically
having the form

−
∑

k

Pk log[Pk]

where the Pk are joint or conditional probabilities, so that
equation (1) represents a kind of law-of-large-numbers for
‘language’ systems. See Ash (1990) or Cover and Thomas
(1991) for details, and Wallace (2007) for a more formal per-
spective.
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Different language-analogs will, of course, be defined by
different divisions of the total universe of possible responses
into different pairs of sets B0 and B1, or by requiring more
than one response in B1 along a path. Like the use of dif-
ferent distortion measures in the Rate Distortion Theorem
(e.g. Cover and Thomas, 1991), however, it seems obvious
that the underlying dynamics will all be qualitatively simi-
lar. Dividing the full set of possible responses into the sets
B0 and B1 may itself, however, require higher order cognitive
decisions by other modules. This is an important matter to
which we will return below, and serves as the foundation for
speculations regarding obesity as a developmental disorder.

Meaningful paths – creating an inherent grammar and syn-
tax – are defined entirely in terms of system response, as Atlan
and Cohen (1998) propose.

Wallace (2005a) applies this formalism to the stochastic
neuron in a neural network.

We will eventually need to parametize the information
source uncertainty of the dual information source to a cog-
nitive pattern recognition-and-response with respect to one
or more variates, writing, e.g. H[K], where K ≡ (K1, ...,Ks)
represents a vector in a parameter space. Let the vector K
follow some path in time, i.e. trace out a generalized line
or surface K(t). We will, following the argument of Wal-
lace (2005a), assume that the probabilities defining H, for
the most part, closely track changes in K(t), so that along
a particular ‘piece’ of a path in parameter space the infor-
mation source remains as close to stationary and ergodic as
is needed for the mathematics to work. Between pieces we
impose phase transition characterized by a renormalization
symmetry, in the sense of Wilson (1971). See Binney, et al.
(1986) for a more complete discussion.

We will call such an information source adiabatically piece-
wise stationary ergodic (APSE). The ergodic nature of the
information sources is a generalization of the ‘law of large
numbers’ and implies that the long-time averages we will need
to calculate can, in fact, be closely approximated by averages
across the probability spaces of those sources. This is no small
matter.

This argument is consistent with what Adams (2003) has
called the informational turn in philosophy. Our innovation
is to return attention from the information content of individ-
ual symbols to the asymptotic properties of long streams of
symbols, a kind of thermodynamic limit allowing importation
of phase transition and quasi-thermodynamic methods from
statistical physics via a homology between information source
uncertainty and free energy density.

Note that our treatment does not preclude the existence
of cognitive processes or submodules which may not have ap-
propriately simple dual information sources. We cannot, how-
ever, address them in any obvious way, although some gener-
alization may be possible to a subset of non-ergodic sources
(e.g. Wallace, 2005a).

Interacting information sources: punctuated
crosstalk

Suppose that the behavior of the HPA axis can be repre-

sented by a sequence of states in time, the path x ≡ x0, x1, ....
Similarly, we assume an external signal of structured psy-
chosocial stress can be similarly represented by a path y ≡
y0, y1, .... These paths are, however, both very highly struc-
tured and, within themselves, are serially correlated and can,
in fact, be represented by information sources X and Y. We
assume the HPA axis and the external stressors interact, so
that these sequences of states are not independent, but are
jointly serially correlated. We can, then, define a path of
sequential pairs as z ≡ (x0, y0), (x1, y1), ....

The essential content of the Joint Asymptotic Equiparti-
tion Theorem is that the set of joint paths z can be parti-
tioned into a relatively small set of high probability which
is termed jointly typical, and a much larger set of vanishingly
small probability. Further, according to the JAEPT, the split-
ting criterion between high and low probability sets of pairs
is the mutual information

I(X, Y ) = H(X)−H(X|Y ) = H(X) + H(Y )−H(X, Y )

(2)

where H(X),H(Y ),H(X|Y ) and H(X, Y ) are, respec-
tively, the Shannon uncertainties of X and Y , their condi-
tional uncertainty, and their joint uncertainty. See Cover and
Thomas (1991) for mathematical details. Similar approaches
to neural process have been recently adopted by Dimitrov and
Miller (2001).

The high probability pairs of paths are, in this formulation,
all equiprobable, and if N(n) is the number of jointly typical
pairs of length n, then

I(X, Y ) = lim
n→∞

log[N(n)]
n

.

(3)

Generalizing the earlier language-on-a-network models of
Wallace and Wallace (1998, 1999), we suppose there is a ‘cou-
pling parameter’ P representing the degree of linkage between
the HPA axis and the system of external signals and stressors,
and set K = 1/P , following the development of those earlier
studies. Then

I[K] = lim
n→∞

log[N(K, n)]
n

.

The essential homology between information theory and
statistical mechanics lies in the similarity of this expression
with the infinite volume limit of the free energy density. If
Z(K) is the statistical mechanics partition function derived
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from the system’s Hamiltonian, then the free energy density
is determined by the relation

F [K] = lim
V→∞

log[Z(K)]
V

.

(4)

F is the free energy density, V the system volume and K =
1/T , where T is the system temperature.

We and others argue at some length (e.g. Wallace, 2005a;
Wallace and Wallace, 1998, 1999; Rojdestvensky and Cot-
tam, 2000; Feynman, 1996) that this is indeed a systematic
mathematical homology which, we contend, permits impor-
tation of renormalization symmetry into information theory.
Imposition of invariance under renormalization on the mutual
information splitting criterion I(X, Y ) implies the existence
of phase transitions analogous to learning plateaus or punctu-
ated evolutionary equilibria in the relations between the cog-
nitive mechanism of the HPA axis and the system of external
perturbations. An extensive mathematical treatment of these
ideas is presented elsewhere (e.g. Wallace, 2000, 2002a, b,
2005a, b, 2007; Wallace et al., 2003).

Elaborate developments are possible. From a the more lim-
ited perspective of the Rate Distortion Theorem the onset of
a punctuated interaction between the cognitive mechanism of
the HPA and external stressors is a distorted image of those
stressors within the HPA axis:

Suppose that two (piecewise, adiabatically stationary) er-
godic information sources Y and B begin to interact, talking
to each other, i.e. influencing each other in some way so
that it is possible, for example, to look at the output of B –
strings b – and infer something about the behavior of Y from
it – strings y. We suppose it possible to define a retranslation
from the B-language into the Y-language through a determin-
istic code book, and call Ŷ the translated information source,
as mirrored by B.

Define some distortion measure comparing paths y to paths
ŷ, d(y, ŷ) (Cover and Thomas, 1991). We invoke the Rate Dis-
tortion Theorem’s mutual information I(Y, Ŷ ), which is the
splitting criterion between high and low probability pairs of
paths. Impose, now, a parametization by an inverse coupling
strength K, and a renormalization symmetry representing the
global structure of the system coupling.

Extending the analysis, triplets of sequences can be divided
by a splitting criterion into two sets, having high and low
probabilities respectively. For large n the number of triplet
sequences in the high probability set will be determined by
the relation (Cover and Thomas, 1992, p. 387)

N(n) ∝ exp[nI(Y1;Y2|Y3)],

(5)

where splitting criterion is given by

I(Y1;Y2|Y3) ≡

H(Y3) + H(Y1|Y3) + H(Y2|Y3)−H(Y1, Y2, Y3)

We can then examine mixed cognitive/adaptive phase tran-
sitions analogous to learning plateaus (Wallace, 2002b) in the
splitting criterion I(Y1, Y2|Y3). These results are almost ex-
actly parallel to the Eldredge/Gould model of evolutionary
punctuated equilibrium (Eldredge, 1985; Gould, 2002).

Note that the expression above can be generalized to a
number of interacting information sources, Yj , embedded in
a larger, generally slower, context, Z, as

I(Y1, ..., Ys|Z) = H(Z) +
s∑

j=1

H(Yj |Z)−H(Y1, ..., Ys, Z)

(6)

If we impose another, even slower, embedding context-
information source beyond this, say U , mathematical induc-
tion on equation (6) gives a very complicated expression which
we write as

I(Y |Z|U)

(7)

This idea will prove important to subsequent development.

A simple HPA axis model

Stress is not a random sequence of perturbations, and is
not independent of its perception. Rather, it involves a highly
correlated, grammatical, syntactical process by which an em-
bedding psychosocial environment communicates with an in-
dividual, particularly with that individual’s HPA axis, in the
context of social hierarchy and cultural interpretation. We
view the stress experienced by an individual as APSE infor-
mation source, interacting with a similar dual information
source defined by HPA axis cognition.

Again, the ergodic nature of the language of stress is es-
sentially a generalization of the law of large numbers, so
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that long-time averages can be well approximated by cross-
sectional expectations. Languages do not have simple auto-
correlation patterns, in distinct contrast with the usual as-
sumption of random perturbations by ‘white noise’ in the
standard formulation of stochastic differential equations.

Let us suppose we cannot measure stress, but can determine
the concentrations of HPA axis hormones and other biochemi-
cals according to some natural time frame, the inherent period
of the system. Suppose, in the absence of extraordinary mean-
ingful psychosocial stress, we measure a series of n concentra-
tions at time t which we represent as an n-dimensional vector
Xt. Suppose we conduct a number of experiments, and create
a regression model so that we can, in the absence of perturba-
tion, write, to first order, the concentration of biomarkers at
time t + 1 in terms of that at time t using a matrix equation
of the form

Xt+1 ≈ R0Xt + b0,

(8)

where R0 is the matrix of regression coefficients and b0 a
vector of constant terms. R0, we will argue below, is cul-
turally determined and culturally tuned. Cultural changes
can thus have profound effects on HPA axis behavior in the
presence of stress signals.

Suppose that, in the presence of a perturbation by struc-
tured stress

Xt+1 = (R0 + δRt+1)Xt + b0

≡ R0Xt + εt+1,

(9)

where both b0 and δRt+1Xt are absorbed into a vector εt+1

of error terms which are not necessarily small in this formu-
lation. Note that this is not a population process whose con-
tinuous analog is exponential growth. Rather it is akin to the
passage of a signal – structured psychosocial stress – through
a distorting physiological filter.

If the matrix of regression coefficients R0 is sufficiently reg-
ular, we can (Jordan block) diagonalize it using the matrix of
its column eigenvectors Q, writing

QXt+1 = (QR0Q−1)QXt + Qεt+1,

(10)

or equivalently as

Yt+1 = JYt + Wt+1,

(11)

where Yt ≡ QXt,Wt+1 ≡ Qεt+1, and J ≡ QR0Q−1 is a
(block) diagonal matrix in terms of the eigenvalues of R0.

Thus the (rate distorted) writing of structured stress on the
HPA axis through δRt+1 is reexpressed in terms of the vector
Wt+1.

The sequence of Wt+1 is the rate-distorted image of the in-
formation source defined by the system of external structured
psychosocial stress. This formulation permits estimation of
the long-term steady-state effects of that image on the HPA
axis. The essential trick is to recognize that because every-
thing is (APS) ergodic, we can either time or ensemble average
both sides of equation (11), so that the one-period offset is
absorbed in the averaging, giving an equilibrium relation

< Y >=< J >< Y > + < W >

or

< Y >= (I− < J >)−1 < W >,

(12)

where I is the n × n identity matrix. We henceforth drop
the brackets.

Now reverse the argument: Suppose that Yk is chosen to be
some fixed eigenvector of R0. Using the diagonalization of J
in terms of its eigenvalues, we obtain the average excitation
of the HPA axis in terms of some eigentransformed pattern of
exciting perturbations as

Yk =
1

1− λk
Wk

(13)

where λk is the eigenvalue of Yk, and Wk is some appropri-
ately transformed set of ongoing perturbations by structured
psychosocial stress.
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The essence of this result is that there will be a character-
istic form of perturbation by structured psychosocial stress –
the Wk – which will resonantly excite a particular eigenmode
of the HPA axis. Conversely, by cultural or other tuning the
eigenmodes of R0, the HPA axis can be trained to galvanized
response in the presence of particular forms of perturbation.

This is because, if R0 has been appropriately determined
from regression relations, then the λk will be a kind of multiple
correlation coefficient (e.g. Wallace and Wallace, 2000), so
that particular eigenpatterns of perturbation will have greatly
amplified impact on the behavior of the HPA axis. If λ = 0
then perturbation has no more effect than its own magnitude.
If, however, λ → 1, then the written image of a perturbing
psychosocial stressor will have very great effect on the HPA
axis. Following Ives (1995), we call a system with λ ≈ 0
resilient since its response is no greater than the perturbation
itself.

We suggest, then, that learning by the HPA axis is, in fact,
the process of tuning response to perturbation. The regression
matrix R0 is tunable by both individual experience and by the
effect of embedding cultural context. If individual experience
or embedding culture change, then R0 will change, producing
a different eigenpattern of physiological responses to imposed
patterns of stress.

Suppose we require that λ itself be a function of the mag-
nitude of excitation, i.e.

λ = f(|W |)

where |W | is the vector length of W . We can, for example,
require the amplification factor 1/(1 − λ) to have a signal
transduction form, an inverted-U-shaped curve, for example
the signal-to-noise ratio of a stochastic resonance, so that

1
1− λ

=
1/|W |2

1 + b exp[1/(2|W |)]
.

(14)

This places particular constraints on the behavior of the
learned average R0, and gives precisely the typical HPA axis
pattern of initial hypersensitization, followed by anergy or
burnout with increasing average stress, a behavior that might
well be characterized as pathological resilience, and may also
have evolutionary significance.

Variants of this model permit imposition of cycles of differ-
ent length, for example hormonal on top of circadian. Typ-
ically this is done by requiring a cyclic structure in matrix
multiplication, with a new matrix S defined in terms of a
sequential set of the R, having period m, so that

St ≡ Rt+mRt+m−1...Rt.

Essentially one does matrix algebra modulo m, in a sense.

In general, while the eigenvalues of such a cyclic system
may remain the same, its eigenvectors depend on the choice
of phase, i.e. where you start in the cycle. This is a complexity
of no small note, and could represent a source of contrast in
HPA axis behavior between men and women, beyond that
driven by the ten-fold difference in testosterone levels. See
Caswell (2001) for mathematical details.

Cultural topology of the HPA axis

The matrix of regression coefficients R0, and hence its
eigenstructure, was taken as given and fixed in the devel-
opment above. Here we will argue that it is not fixed, but
can undergo something crudely analogous to the ‘stream of
consciousness’ whose topological constraints were the subject
of much attention in Wallace (2007). The essential point is to
impose something like Bernard Baars’ (1988) ‘contexts’ onto
the development of an individual’s HPA axis. These would
typically be seen as relatively slowly varying boundary con-
ditions for the more rapid HPA responses. Thus instead of
writing a simple fixed R0 we suppose, in the usual sense, that
the HPA axis tunes itself according to some dual information
source, X, so that there is, heuristically speaking, a signal
path of the form

x = (R0
0,R

1
0, ...,R

n
0 , ...).

(15)

which operates on the most rapid timescale of the system.
Note, however, that we are averaging out perturbations on
the timescale of the δRt used above.

X is embedded within two nested contexts: individual ex-
perience and development, characterized by an intermediate
rate information source Y , and both X and Y are embedded
in a slowly-varying cultural matrix represented by an infor-
mation source Z. These are all cross-linked by the tripartite
mutual information measure of equation (7), which we, again,
schematically write as I(X|Y |Z). This too will partake of the
homology between equations (3) and (4), giving, in the sense
of Wallace (2005a), a punctuated linkage between X, and
its two embedding contexts: individual and cultural develop-
ment. Thus both individual experience, symbolized by the
information source Y , and cultural context, symbolized by
the information source Z, can write images of themselves, in
a Rate Distortion manner, on the basic structure of the HPA
axis, represented by the ‘stream of consciousness’ analog, the
signal path x of equation (15).

Post traumatic stress disorder – PTSD – in this formulation
results when brutal personal experience writes a distorted im-
age of itself on the HPA axis through crosstalk between the
dual information source X and the embedding context Y .
Wallace (2007) provides detailed topological arguments why
this should occur as a pathological resilience domain shift, in
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which sets of paths x can be classified into an equivalence class
topological groupoid. Different equivalence classes represent
differing modes of HPA axis response to stress, with external
forcing mechanisms needed to cause shifts between them.

An exactly similar argument leads to expectation that
changes in cultural context, the information source Z, should
write permanent images of themselves onto HPA axis behav-
ior in a similarly punctuated, and quasi-equilibrium manner
as a resilience domain shift.

Topological arguments regarding equivalence class
groupoids of possible information source paths like x above
are very powerful, and are pursued in Wallace (2007).

Obesity as a developmental disorder

Hirsch (2003) suggests, in effect, that obesity is a develop-
mental disorder with roots in utero or early childhood. He
and others have developed a set point or homeostatic theory
of body weight, finding that it is the process which deter-
mines that ‘set point’ which needs examination, rather than
the homeostasis itself, which is now fairly well understood. He
concludes that the truly relevant question is not why obese
people fail treatment, it is how their level of fat storage be-
came elevated, a matter, he concludes, is probably rooted
in infancy and childhood, when strong genetic determinants
are shaping a still-plastic organism. The argument directly
above provides a punctuated, topological resilience model of
the phenomenon.

The question we raised earlier regarding the division of sets
of possible responses of a cognitive HPA axis into the sets B0

and B1 has special significance in this matter.
Recall that the essential characteristic of cognition in our

formalism involves a function h which maps a (convolutional)
path x = a0, a1, ..., an, ... onto a member of one of two dis-
joint sets, B0 or B1. Thus respectively, either (1) h(x) ∈ B0,
implying no action taken, or (2), h(x) ∈ B1, and some par-
ticular response is chosen from a large repertoire of possible
responses. We discussed briefly the problem of defining these
two disjoint sets, and suggested that some ‘higher order cog-
nitive module’ might be needed to identify what constituted
B0, the set of ‘normal’ states. This is because there is no low
energy mode for information systems: virtually all states are
more or less high energy states involving high rates of infor-
mation transfer, and there is no way to identify a ground state
using the physicist’s favorite variational or other extremal ar-
guments.

Suppose that higher order cognitive module, which we
might well characterize as a Zero Mode Identification (ZMI),
interacts with an embedding language of structured psychoso-
cial stress and, instantiating a Rate Distortion image of that
embedding stress, begins to include one or more members of
the set B1 into the set B0. If that element of B1 involves a
particular mode of HPA axis cortisol/leptin cycle interaction,
then the bodymass set point may be reset to a higher value:
onset of obesity, and a new topology for paths of the HPA
axis.

Work by Barker and colleagues suggests that those who
develop coronary heart disease (CHD) grow differently from

others, both in utero and during childhood. Slow growth
during fetal life and infancy is followed by accelerated weight
gain in childhood, setting a life history trajectory for CHD,
type II diabetes, hypertension, and, of course, obesity. Barker
(2002) concludes that slow fetal growth might also heighten
the body’s stress responses and increase vulnerability to poor
living conditions later in life. Thus faulty ZMI function at
critical periods in growth could lead to a permanently high
body mass set point as a developmental disorder.

Empirical tests of our ‘higher order’ hypothesis, however,
quickly lead into real-world regression models involving the
interrelations of measurable biomarkers, behaviors, and so on,
requiring formalism much like that used in the section above.

Therapeutic failure

Intervention against obesity, or other HPA axis patholo-
gies, at the individual level is complicated by the manner in
which pathological context can impose images of itself onto
the therapeutic process. That is, pathological context, which
is often responsible for HPA axis disorders of various kinds,
can become convoluted with the intervention itself, resulting
in therapeutic failure. It is possible to model this in more
detail.

Recall that the essential characteristic of cognition in this
formalism involves a mapping, h(x), of a (convolutional) path
x = a0, a1, ..., an, ... onto a member of one of two disjoint sets,
B0 or B1. Thus respectively, either (1) h(x) ∈ B0, implying
no action taken, or (2), h(x) ∈ B1, and some particular re-
sponse is chosen from a large repertoire of possible responses.
We reiterate that there is, as discussed earlier, an evident
problem in defining these two disjoint sets, suggesting that
some higher order, i.e. executive, cognitive module is needed
to determine what constitutes B0, the set of normal actions
and procedures, those not constituting explicit intervention.
Again, this is because there is no low energy mode for infor-
mation systems. That is, virtually all states are more or less
high energy, high information content or transmission, states.
Thus there is no natural way to identify a ground state us-
ing the physicist’s favorite variational or other minimization
arguments.

Suppose that a higher order executive cognitive module,
which we have called Zero Mode Identification, interacts with
an embedding, highly structured quasi-language of systemic
perturbation – personal or cultural context. Instantiating a
Rate Distortion image of that embedding stress, the ZMI be-
gins to include one or more members of the set B1 into the set
B0, or vice versa, when a circumstance requiring action is ig-
nored. Again, recurrent hits on that aberrant state would be
experienced as episodes of pathology, over or under reaction,
for example resetting the bodymass setpoint.

Different eigenmodes Yk of the regression model character-
ized by the zero mode matrix R0 can be taken to represent
the shifting-of-gears between different languages defining the
sets B0 and B1. That is, different eigenmodes of R0 would
correspond to different required (and possibly mixed) charac-
teristic systemic responses.
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If there is a state (or set of states) Y1 such that R0Y1 = Y1,
then the unitary kernel Y1 corresponds to the condition ‘no
response required’, i.e. the set B0.

Suppose pathology becomes manifest, i.e.

R0 → R0 + δR ≡ R̂0,

so that some chronic ‘excited state’ becomes the new uni-
tary kernel, and

Y1 → Ŷ1 6= Y1

R̂0Ŷ1 = Ŷ1.

Next, assume other, embedding, cognitive workspaces in-
duce a sequence of therapeutic counterperturbations – delib-
erate therapeutic interventions – δTk according to the pattern

[R̂0 + δT1]Ŷ1 = Y 1,

R̂1 ≡ R̂0 + δT1,

[R̂1 + δT2]Y 1 = Y 2

...

(16)

so that, in some sense,

Y j → Y1.

(17)

That is, the system is driven to some approximation of its
original condition.

It may or may not be possible to have R̂0 → R0. That is,
actual remediation may not be possible, in which case pallia-
tion or control is the therapeutic aim.

The essential point is that the pathological state repre-
sented by R̂0 and the sequence of therapeutic interventions
δTk, k = 1, 2, ... are interactive and reflective, depending on
the regression of the set of vectors Y j to the desired state Y1,
much in the same spirit as Jerne’s immunological idiotypic
hall of mirrors.

The therapeutic problem revolves around minimizing the
difference between Y k and Y1 over the course of treatment.
That difference represents the inextricable convolution of

treatment failure with adverse reactions to the course of
treatment itself, and failure of compliance, often attributed
through social construction by ‘provider’ to ‘patient’, i.e. fail-
ure of the therapeutic alliance.

It should be obvious that the treatment sequence δTk itself
is a cognitive path of interventions which has, in turn, a dual
information source in the sense previously invoked.

Treatment may, then, interact in the usual Rate Distortion
manner with the pathogenic patterns of structured pertur-
bation - market pressures, failures, disasters, resource limi-
tations, embedding channel capacity limits, structured ‘red’
noise, the burdens of history, and the like – which are, them-
selves, signals from an embedding information source. Thus
treatment failure, adverse ‘drug’ reactions, and noncompli-
ance will, of necessity, embody a distorted image of embed-
ding structured perturbations which may indeed be responsi-
ble for the primary misfunction, in this case the resetting of
the bodymass set point.

This coupling would most likely occur in a highly punctu-
ated manner, depending in a quantitative way on the degree
of interlinking of the three-fold system of affected individual,
therapeutic interaction, and treatment mode, with that per-
turbation.

Clearly this is only one example of a much larger spectrum
of possibilities. Empirical study would seem necessary at this
point to prune down the search tree, as it were, making further
analysis practical.

One disturbing implication of this analysis is the apparent
difficulty of correcting a bodymass set point once it becomes
overtly pathological.

In particular, contexts of social disintegration and resource
limitation, individually and likely synergistically, severely
limit the possibilities of therapeutic intervention to correct
pathologies of bodymass set point, in the context of continu-
ing patterns of social and cultural pathology.

Discussion and conclusions

Two powerful and intertwining phenomena of socioeco-
nomic disintegration – deurbanization and deindustrialization
– have combined to profoundly damage many US commu-
nities, dispersing historic accumulations of economic, politi-
cal, and social capital. These losses have had manifold and
persisting impacts on both institutions and individuals (e.g.
Pappas, 1989; Ullmann, 1988; D. Wallace and R. Wallace,
1998; Wallace and Wallace, 2005). Elsewhere we examined
the effect of these policy-driven phenomena on the hierarchi-
cal diffusion of AIDS in the US (Wallace et al., 1999). Wallace
and Wallace (2005) extend that work to the association with
obesity, in the context of a causal biological model.

By 1980, not a single African-American urban community
established before or during World War II remained intact.
Many Hispanic urban neighborhoods established after the war
suffered similar fates. Virtually all lost considerable housing,
population, and economic and social capital either to pro-
grams of ‘urban renewal’ in the 1950’s or to policy-related
contagious urban decay from the late 1960’s through the late
1970’s (e.g. Wallace and Wallace, 1998; M. Fullilove, 2004).

10



Wallace and Wallace (2005) examined the relation between
obesity, obesity disorders, and both deindustrialization and
deurbanization in the US, concluding that cultural change has
become a pervasive threat signal, triggering chronic responses
in the HPA axis across broad sectors of the population, with
effects extending even into affluent and powerful subgroups.

The very forces which have caused the collapse of the US
industrial base, i.e. the Cold War and its aftermath, have
served as market selection pressures on East Asian nations.
The overwhelming military power of the US empire, self de-
structive as it may be in the long term, serves as both example
and threat to these ancient and traditional societies, placing
them under increasingly acute pressure to adopt employment
practices causing widespread resource insecurity.

That is, US economic power and imperial military power
serve as engines to drive diffusion of pathogenic economic
structure and practice into East Asian and other societies.

Such stress is critical to the etiology of visceral obesity, the
metabolic syndrome, and their pathological sequelae, medi-
ated by the HPA axis and several other physiological subsys-
tems.

Both animal and human studies, however, have indicated
that not all stressors are equal in their effect: particular forms
of domination in animals and lack of control over work ac-
tivities in humans are well-known to be especially effective
in triggering metabolic syndrome and chronic inflammatory
coronary lipid deposition.

Our analysis has been in terms of a cognitive HPA axis re-
sponding to a highly structured quasi-language of psychoso-
cial stress, which we see as literally writing a distorted image
of itself onto the behavior of the HPA axis in a manner anal-
ogous to learning plateaus in a neural network or to punctu-
ated equilibrium in a simple evolutionary process. The first
form of phase transition might be regarded as representing
the progression of a normally staged disease. The other could
describe certain pathologies characterized by stasis or only
slight change, with staging a rare (and perhaps fatal) event.

Psychosocial stress is a cultural artifact, one of many such
which interact intimately with human physiology. Indeed,
much current theory in evolutionary anthropology focuses on
the essential (but not unique) role culture plays in human
biology (e.g. Durham, 1991; Avital and Jablonka, 2000).

If, as the evolutionary anthropologist Robert Boyd has sug-
gested, “Culture is as much a part of human biology as the
enamel on our teeth”, what does the rising tide of obesity
in the US suggest about American culture and the Ameri-
can system? About 22% of both African-American and His-
panic children are overweight, as compared to about 12% of
non-Hispanic whites, and that prevalence is rising across the
board (Strauss and Pollack, 2001). This suggests that, while
the effects of an accelerating social pathology related to dein-
dustrialization, deurbanization, and loss of democracy may be
most severe for ethnic minorities in the US, the larger, embed-
ding, cultural dysfunction has already spread upward along
the social hierarchy, and is quickly entraining the majority
population as well.

This is an explanation whose policy implications stand

in stark contrast to current individual-oriented exhortations
about ‘taking responsibility for one’s behavior’ or ‘eating less
and getting more exercise’ (e.g. Hill et al., 2003). The US
‘liberal’ approach is to mirror the explanations of the failed
drug war: People overeat because there’s a McDonald’s on
every street corner, companies market bigger portions, the
food they sell is fatty, and so on. In contrast, we find that
the fundamental cause of the obesity epidemic over the last
twenty years in the US is not television, the automobile, or
junk food. THese were already widespread beginning in the
late 1950’s, and into the 1980’s without any corresponding
obesity epidemic.

It is our thesis that the fundamental cause of the US obe-
sity epidemic lies in a massive threat to the population caused
by continuing deterioration of basic US social, economic, and
related structures. This has occurred in the particular con-
text of a ratcheting of dominance relations resulting from
the concentration of effective power within a shrinking elite.
This synergistic phenomenon generates a degree of commu-
nity, family, and individual insecurity which is literally writ-
ing a life-threatening image of itself onto the bodies of all
sectors of the American population. There is already a large
and growing literature on other aspects of the sharpening in-
equalities within the US system (e.g. Wilkinson, 1996 and
related material), and our conclusions fit within that body of
work.

The basic and highly plieotropic nature of the biological
relation between structured psychosocial stress and cogni-
tive physiological systems ensures that magic bullet drug and
other interventions will be largely circumvented: in the pres-
ence of a continuing socioeconomic and political ratchet, med-
ical modalities are likely to provide little more than the equiv-
alent of a choice of dying by hanging or by firing squad.

Effective intervention against obesity in the US would re-
quire creation of a broad, multi-level, ecological control pro-
gram which must include redress of the power relations be-
tween groups, rebuilding of urban (and, increasingly, subur-
ban) minority communities, and effective reindustrialization.
This implies the necessity of a resurgence of the labor union,
religious, civil rights, and community-based political activities
which have been the traditional response to cultural patterns
of injustice in the US. Responses to the diffusion of patho-
logical norms from the US to other societies will, of course,
be conditioned by their particular cultures and histories, and
cannot be expected to be nonviolent.

The ecologist E.C. Pielou (1977) asserts that mathematical
models of complicated ecosystem phenomena are most use-
ful, not in answering questions, but rather in raising them
for subsequent empirical study. In that spirit, it is our the-
sis that market-driven diffusion of pathological cultural norms
from the powerful US empire and its allies, in particular struc-
tures and practices generating increasing levels of employment
and other resource insecurity, has begun to distort traditional
forms of economic and social relations in East Asian societies.
This is generating a profound sense of threat expressing it-
self in developmental processes of chronic HPA axis dysfunc-
tion, producing widespread upward ratcheting of bodymass
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set point: increasing global obesity.
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