Anorexia nervosa, a common illness
among teenage girls, has a very poor
prognoesis’. Despite recelving consider-
able attentlon, the cause of the disorder
remains unknown as does the reason for
the marked difference in prevalence be-
tween the sexes.

The psychiairic diagnostic manual
DSM-IV provides specified diagnostic cri-
criteria are supposed to “. . . reflect a con-
sensus of curent formulations for
evolving knowledge . . . .” In the case of
anorexia nervosa, four criteria are of-
fered: (1) weight loss, (2) fear of gaining
welght, (3} disturbance in body percep-
tion and (4) loss of menstruation,
However, loss of body weight and men-
struation necessarily follow reduced food
intake and critesia 2 and 3 are not consis-
tently fulfilled by anorexic patients’. We
therefore think that the DSM-IV citeda
are not very useful and that a new way of
locking at the disorder would be useful.

There were two symptoms inciuded in
the original description of the disorder 120
years ago that have been included in mamny
descriptions since then: self-starvation and
enhanced physical activity”,

Anorexia nervosa, self-starvation
and the reward of stress

Reduced intake of food and enhanced physical activity, the main behavioral manifestations of self-starvation and
anorexia nervosa, activate brain substrates associated with reward.
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Psychopathology and mental disorder?
We suggest that the reason self

patients do not fit the DSM-IV citeria of
anorexia nervosa is because there Is in
fact no psychopathological basis of the
disorder, as suggested 25 years age’. To
confuse matters, the definition of
psychopethology is actually unclear in
this context. The DSM-IV oifers no
definition, but it is reasonable to assume
that a psychopathological basis of the
anorexia nervosa would be reflected in a
behavioral or cognitive marker. There
s, however, no need to refer to self-
starvation and enhanced physical activ-
ity as reflections of an underlying
psychopathology.

We sugzest therefore that analyses of
self-starvation should focus on the re-
duced food intake and enhanced activity,
since these are the only behaviom] mea-
sures that consistently distinguish
anorexia from other conditions. We also
suggest that whatever additional behav-
loral or cognitive phenomenaz ensue
during the development of the illness,
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they emerge from these two initlal be-
havioral markers. ;

Just as the definition of psychopathol-
ogy is unclear, so is the definition of a
mental disorder. Again, DSM-IV offers no
definition, but it seems likely that “men-
tal disorder” denotes a disorder thathas a
neurochemical cause or consequence. In
anorexiz nervosa, the neurochemical
marker is the increased concentration of
corticotropin-releasing factor (CRF) In
the cerebrospinal fluid® and alterations in
other neurotransmitters, probably sec-
ondary to the alteration in CRF.
However, we see no reason to refer to this
neurcendocrine alteration  (Increased
CRF) either as reflecting or caused by a
“mental disorder” and suggest that in the
absence of a psychopathology or clear
idea of a specific mental disorder, it is
more appropriate to refer to anorexia |
nervosz as self-starvation i

Stress and reward

On this framework, hypercortisolism is a
manifestation of self-starvation’. Thus, |
restricted feeding or increased physical -
activity® activates the hypothalamo-
pituitary-adrenal (HPA) axis and causes a |
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loss of body weight. The concentration ¢
of CRF is increased to about 170% of not-

mal in self-starvation. It has been

established that CRF will cause a reduc-

tion in feeding when injected into the

brain of animals’.

Thus, starving or overly active humans
ot animals have increased HPA activity
and high blood levels of cortisol and/or
corticosterone. - Glucocorticoids  <an
cause euphoria and dependence in hu-
mans and animals readily self-administer
corticosterone’, Obviously, adrenocorti-
cal hormones have rewarding effects.
Feward is medlated by mesolimbic
dopamine (D4) neurons in the brain and
adrenocortical secretions enhance the re-
ward value by increasing the release of
D4 in the terminals of these neurons’.
From these considerations it follows that
the stress of physical activity and re-
duced food intake activates the reward
‘mechanisms in the brain. We suggest
that in an initial phase of stress the re-
ward mechanism is sensitired and that in
this state the organism |s postulated to be
particularly prone to conditioning. That
is, an initially neutral stimulus is likely to
get coupled to the primary reinforcer
{the mesolimbic DA neurons).

Interestingly, 23 years ago Feighner ef

Fig. 2 Female rats are able t©
control thelr body weight if
allowed to run in running
| wheels, They will also

maintain- a normal body

weight if allowed to eat for

only one hour a day. If,

| however, the rats have
continuous  access  to 2
running whesl {without being
forcad to run) and to food for one

i hour a day, they lose control over body
i weight and die within a brief period of
' time. This situation is remarkably similar to
| that of salif-starvation.

brack

Fig. 1

Propesed rmechanism for the developrment of self-starvation, Physical activity

combined with reduced food intake activates the hypothalarmo-pituitany-adrenal axis, via
CRF-ACTH-cortisol secretion. CRF actvates doparminergic neurans, whose cell bodies are
localized in the ventral tegmental area (VTA) and whose terminals are localized in the nucleus
accumbens (MAC) in the ventral striaturn (3 pathway concamed with reward), Cortisol
enhances reward by stimulating release of doparming in the NAC, CRF also acthvates
neradrenergic neurons, whose cell bodies are localized in the locus cosruleus (L), Thess
neurans project extensively to the ferebrain and are required for attention to sensary stimuli,
It is suggested that the combination of physical activity and reduced food intake &5 rewarding
and directs attention to stimuli that subseguently control the behavior of self-starvation.

al.t pointed out that reducing foed intake
and losing weight is an “apparent enjoy-
ment,” “pleasurable,” and “rewarding” to
a self-starving woman. Equally interest-
ing, 122 vears ago Gull™, in discussing
the paradoxical restlessness of an anorec-
tic patient, pointed out that exercise was
“agreeable” to the patient.

The cause of self-starvation

Stressful stimuli activate the CRF neurons
int the hypothalamus, the DA reward neu-
rons ln the wentral medulla and the
noradrenaline (MA) neurons in the locus
coeruleus {concerned with selective atten-
tion). Activity in the DA reward neurons
and the NA selective attention neurons is
easily conditioned'™. Tn an Initial phase
of stress, therefore, an animal ls not only
sensitive to rewarding stimull but also
prepared to pay attention to these.

Thus, the demand to reduce food intake
and to increase physical activity are the
main reasons for self-starvation’. As a con-
sequence, it comes as no surprise that the
risk of self-starvation s markedly increased
among female elite athletes”. The dramatic
effect of these two risk factors was recently
and remarkably provided by Novin and co-
waortkers”. They showed that female rats,
when given limited access to food, com-
pletely lose control over their own body
weight if they are given the opportunity
{not forced) to exerdse in 3 minning wheel.
The rats increased their munning despite

losing weight and temperature and
most of them died within a brief
period of time. This symptoma-
tology 5 conspicuously
similar to that of self-starv-
ing women, who also
increase their phiysical activ-
ity despite losing body
weight'
Thus, a simple, parsimo-
niopus hypothesis s that
seff-starvation is initially reward-
ing and subsequently controlled by
conditioning to previously neutral stim-
uli. An cutline of this proposed
mechanism s presented in the figure.

Acknowledgments

We thank Mats Eriksson, Greger Lindbery,
Stafford Lightman ang Ake Sidén for connnents
and sugport and the Swedisl Council for
Research in the Humanities and Social Sclence
and the Karolinska Institute for fnancial aid.

1. Eckest. ED, et af. Ten-year follow-ug of 2nocexia ner. |

wisa: Cliniczl course and cutcome. Poelol. Mel. 23,
143=136 (1955

2. Les 5, Ho, T.P. & Hma, LE.G. Fat phobi and non-fat
phobic anorexia nervosa: a comparative study of 70
Chinese patients in Hong Kong. Popolicl. Med. 23,
S90.1017 (1993

3. Davis, T ef al. The nole of physical activite in the de- |
velopment and maintenance of cating disorders. |

Fopchiol. M. 24, 957-967 [15964),

4, Feighner, [P, ef of. Diagnostic critenia for use in psy-
chiatric research. Arch, Ger Psyciicme 20, 37-63
(1571

5. Hotma, ML et al. The response of plasma adrenocori-
cotropin and cortisol 1 cordootropin-releasing hor-
mene (CRH) and cerebrospinal fluid immunoeactive

CRH in anorexla nervosa pattents, [ Cli, Ewlocrinol. |

Metab, 52, 319-324 (1586}, .
6. Liu, 1.-P, et o, Snedles of the secetion of comttostrapin.
releasing factor and arginine vasopnssin into the hy-
pophyseal-portal circulation of the conscious sheep,

L. The central nesadrenergic and newropeptlde Y |
pathways cause immediate and prolonged hyposhalas |

mie-pituitary-adrenal activation, Potential nvalve-
ment in pseudo-Cushing's syndrome of endogencus
degression and anorexia nereosa. [ Ul st 93,
14351450 (15594),

7. Dunn, AJ. & Bermridge, CW. Phoysiclogicsl and behaw-
ioml responses to cortootmpin-releasing Eactor ad-
ministraston: 15 CRF a mediator of anxiety or stness
tesponses? Brrin fes R 13, 71100 (19500

B Burden, V.E. & ol Activity of the hypothalamo-
pituitary-adrenal axis is elevated in ms with activiry-
based anorexla, [, M, 123, 12171225 (1953).

9. TFiarza, PV, etl Corticosterons in the mnge of st
induwoed lewvels possesses reinforcing  properiies:
[mplications for sensatlon-seeking belavioss. Froc
Wl Acaed. Sef. UEA 90, 1173811742 11993).

10. Gull, W.W. Ancrexia nervosa (apepsia hastesica,
anorexia hystesica), Thms, Clir, Sov, Lovndor 7, 22-25
{18741

11. Cecatelli, 5. ef af. Expression of c-fus immunoresctiv-
itv in transmitter-characterized newrons after stress.
Pro, Nl Aped. Sei. U5A B6, 9565-5373 (19890,

12 Grron, A & Wite, LA Druy- and behavioe-
assocated changes in dopamine-related electrochemi-
cal signals during intravencus coctine self-adminis-
Lration i rats. [ Newreed, 14, 41304148 (15940

13.

Novin, D et al. In the actlvite stress paradigm (ASP) |

them: ars closs mlations between il signs which sl
lows us to predict longevity in eats with unfailing ac- |

curacy. sl Res, 3 (suppl. 31, 3735 cAbstn) (19930
Karplingka lnstitute
Department of Clindcal Newrosclence
Division of Applied Neurgendpcrinelugy and
Cemier for Eatiny Disorders
Novtun, S-141 57 Huddinge, Swedsn

NATURE MEDICINE, YOLUNE 2 NUMBERR [, JANLUARY 199¢



