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Summary Neuroendocrine disturbances llow plasma
levels of triiodothyronine (T 3), high plasma concen-
trations of cortisoll, morphological brain alterations
lenlarged external cerebrospinal fluid (CSF) spaces,
dilatation of the ventriclesl and altered sleep patterns
lfragmented sleep continuity, a reduction of slow
wave sleep (SWS) or REM sleepl have been described
in patients with anorexia nervosa and bulimia ner-
vosa The present study investigates to what degree
these disturbances interact with each other In ten
anorexic and five bulimic patients cranial computed
tomography (CT) to estimate the size of the CSF
spaces, blood sampling to measure cortisol and T 3
plasma concentrations, and all-night polysomno-
graphy were performed In comparison with patients
with normal CT scans, the patients displaying en-
larged CSF spaces spent more time in SWS, and the
duration of REM sleep was reduced In the whole
sample, a negative correlation was found between
the amount of REM sleep and cortisol, whereas a
positive association was found between the amount
of REM sleep and the T 3 level In addition, the
degree of brain shrinkage correlated positively with
cortisol and negatively with T 3 On the basis of these
results, it can be assumed that in patients with eating
disorders the disease process with its neuroendocrine
alterations affects brain morphology as well as EEG
sleep.

Key words: Eating disorder Cranial computed
tomography Cortisol Triiodothyronine REM
sleep

Introduction

In both patients with anorexia nervosa and in nor-
mal-weight bulimic patients various endocrine and
metabolic changes, such as low plasma levels of
triiodothyronine (T 3) and elevated plasma concen-
trations of cortisol, free fatty acids and ketone
bodies, were found and regarded as a consequence of
the behavioural disorder with self-induced starvation
and malnutrition, respectively (e g l 30, 31 l) In cra-
nial computed tomography (CT), enlarged external
cerebrospinal fluid (CSF) spaces and dilated ven-
tricles have been observed in the majority of patients
with anorexia nervosa and also in a number of nor-
mal-weight bulimia patients l 1, 19, 21, 22 l Due to
the fact that high plasma cortisol levels and low T 3
concentrations have been closely associated with
brain shrinkage, hypercortisolism and hypothyroid-
ism have been thought to be basically involved in the
pathogenesis of the structural brain alterations l 22,
23 l.

Several EEG sleep studies have reported a dis-
turbed sleep pattern in anorexic patients, in particu-
lar a fragmentation of sleep continuity and a reduc-
tion of slow wave sleep (SWS) or REM sleep l 5, 26,
29 l In bulimic patients the EEG sleep pattern was
found to be largely indistinguishable from that of
controls l 26, 37 l In a study of ours l 25 l, we were not
able to replicate the above-mentioned observations
in anorexic patients; however, in the patients with an
eating disorder there was a much higher variance in
sleep measurements as compared with controls.

In anorexic patients the endocrine and metabolic
alterations as well as the structural brain abnor-
malities normalize with weight gain l 22 l In addition,
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the sleep structure of anorexics seems to improve
after refeeding (l 24 l; our own unpublished data).

In a pilot study we asked the question whether en-
docrine disturbances, structural brain alterations and
altered sleep patterns show a common interaction in
patients with an eating disorder.

Patients and Methods

Ten female patients with anorexia nervosa (according to the
criteria of Feighner et al l 9 l) took part in the study, which was
conducted at the Max-Planck-Institute of Psychiatry, Munich.
In addition, five female patients with bulimia nervosa (accord-
ing to the criteria of Russell l 33 l) were investigated, who, due
to the severity of the bulimic symptomatology with one or
more binges per day, were in need of hospital treatment The
patients had never received psychoactive medication The clini-
cal descriptions of these patients are given in Table 1.

Hormone analysis Blood samples for hormone analysis (cor-
tisol, T 3) were collected at 10-min intervals from 8 30 to 9 30
a.m after overnight fasting in 12 patients Plasma for the ana-
lysis of cortisol and T 3 was kept frozen at 300C until analysed.
Cortisol was measured as described earlier l 6 l In the pooled
plasma sample, the intra-assay variability was 4 5 % and the
interassay variability was 6 2 % at an average concentration of
12.1 gg/dl T 3 was assayed by radioimmunoassay using kits
supplied by Serono (Freiburg, FRG) In the pooled plasma
sample, the intra-assay variability was 7 1 % and the interassay
variability was 8 2 % at an average concentration of 0 85 ng/ml.

Cranial computed tomography was carried out using a
General Electric 9800 Scanner Measurements were performed
on three scans cut parallel to the glabella-inion line: ( 1) a low
cut, showing the insular cisterns, the third ventricle as well as
the anterior and posterior horns of the lateral ventricles; ( 2) a
slice through the region of the cella media of the lateral ven-
tricles; ( 3) a scan of the superficial cortex Ventricular size was
determined by calculating the ventricular brain ratio (VBR)
and the size of the external CSF spaces by measuring the width
of the insular cisterns, the interhemispheric fissure and the cor-
tical sulci The standardized procedure for assessing these
parameters has previously been described in detail l 22, 35 l and
was applied in this study In respect to the size of the external
CSF spaces, a width of 3-4 mm of the interhemispheric fissure
and the sulci was defined as a "slight", a width of more than
4 mm as a "marked" degree of sulcal widening l 22, 35 l Ac-
cording to our normative data, a VBR value exceeding 4 70 %
is defined as abnormal l 22 l.

EEG sleep measurements All patients slept for three consecu-
tive nights in the sleep laboratory; nights 1 and 2 served for
adaptation Sleep was recorded between lights out ( 2315
hours) and lights on ( 0630 hours) using standard procedures
(EEG, EMG, EOG; l 32 l) Polysomnograms of the 3rd night
were visually scored according to standard criteria l 32 l) Sleep
onset was defined as the first occurrence of a sleep spindle or a
K-complex Termination of the sleep period (SPT) was defined
by the last occurrence of sleep stage 2, 3, 4, or REM The ab-
solute (min) and relative amount (%SPT) of each sleep stage
l 1, 2, 3, 4, REM, SWS (stage 3 + 4), as well as intermittent
time awakel were then calculated.

All measurements were performed during the 1st week
after hospital admission.

Statistical analyses were obtained by using Student's t-test
(if variance was proved to be inhomogeneous, the formula cor-
rected for small sample size was applied) and Pearson's corre-
lation coefficient The level of significance was set at 5 % (two-
tailed).

Results

Age distribution and the duration of illness in both
samples of eating disorders did not differ; however,
the mean body weight (%IBW) of the anorexic pa-
tients was, as expected, significantly lower Out of
the total sample, only two patients ( 13 %) showed
normal CT scans; five patients ( 33 %) displayed either
ventricular dilatation (n = 4) or enlarged external
CSF spaces (n = 1); and in eight subjects ( 53 %) both
ventricular and sulcal size were abnormally high The
sleep measurements of both groups were similar, ex-
cept for a decreased sleep efficiency in the bulimics.
Furthermore, CT measures and endocrine parameters
did not differ between the anorexics and bulimics
(Table la).

Dichotomizing the total sample according to a
VBR value of 4 7 % (a higher value is considered to
be abnormal), the following results were observed
(Table lb) The patients exhibiting an abnormal VBR
value (seven anorexics, two bulimics) tended to show
higher plasma concentration of cortisol (P< 0 10)
and lower plasma levels of T 3 (P < 0 15) than the pa-
tients with normal-sized ventricles With regard to
sleep data, in patients with ventricular dilatation the
amount of SWS was increased, mainly indicated by a
significantly higher amount of sleep stage 3 (mean 
SD: 44 ± 15 min vs 25 ± 15 min, P < 0 05), and REM
sleep was decreased However, this could not be
proven statistically.

The VBR values were positively correlated with
plasma cortisol levels (r = O 66, P < 0 02) and nega-
tively associated both with T 3 (r = -0 58, P< O 05)
and the amount of REM sleep (r = -0 62, P < 0 02).
The size of the external CSF spaces was found to be
positively correlated with plasma cortisol (r = 0 71,
P< 0 05) and negatively correlated with T 3 values
(r= -0 69, P< O 05 ; due to data level of CSF mea-
surements, Spearman rank correlation coefficients
were calculated here) Plasma concentrations of
cortisol were negatively correlated with T 3 values
(r = -0 65, P< O 05) and the amount of REM sleep
(r = -0 80, P< O 01 ; see Fig 1) A positive associa-
tion was observed between T 3 plasma levels and the
amount of REM sleep (r = 0 77, P < 0 01 ; see Fig 2).
Re-analysing these significant correlations without
the outlier values, the results again were proven The
relative amount of SWS was not associated with either
CT measurements or endocrine parameters The pa-
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Table 1 Clinical characteristics, sleep measures, CT measures and endocrine parameters in patients with eating disorders

Anorexia nervosa Bulimia nervosa VBR < 4 70 % VBR > 4 70 %
(n = 10) (n = 5) (n = 6) (n = 9)

Age (years) 20 6 + 2 8 23 8 + 2 8 24 0 + 2 5 20 1 + 2 5 **
Duration of illness (months) 40 1 ± 32 0 68 8 ± 24 9 60 2 ± 37 2 42 7 ± 28 3
Body weight (%IBW) 70 7 + 5 9 92 0 + 10 6 *** 79 2 + 7 0 76 9 + 15 9

Sleep period time (SPT; min) 418 0 ± 20 9 419 1 + 29 1 422 3 ± 8 0 415 7 ± 29 3
Sleep efficiency (%) 93 3 ± 4 6 86 2 ± 5 5 ** 92 0 + 6 9 90 3 + 5 4

Slow wave sleep (%SPT) 17 5 ± 8 2 17 6 ± 8 8 13 2 ± 9 6 20 4 + 5 8 *
REM sleep (%SPT) 20 2 + 6 4 18 3 + 4 1 22 7 + 6 3 17 4 + 4 3 *

Enlargement of external CSF spaces (n)
None 1 2 2 1
Slight 3 3 3 3
Marked 6 0 1 5

Ventricular brain ratio (VBR; %) 7 0 ± 4 1 4 5 ± 2 5 2 6 ± 0 6 8 5 ± 3 0

Cortisol (gg/dl) 17 8 ± 7 4 9 8 ± 3 9 10 1 ± 3 6 18 7 + 7 2 *
Triiodothyronine (T 3 ; ng/ml) 0 75 ± 0 20 0 80 ± 0 25 0 89 ± 0 17 0 70 + 0 20

* P < O 10 ; ** P < 0 05 ; *** P < 0 01
IBW = ideal body weight; VBR = ventricular brain ratio
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Fig 1 Correlation between plasma cortisol (g/ml) and
amount of REM sleep (%SPT) in patients with eating dis-
orders (n = 11)

tient characteristics (age, body weight, duration of
illness) as well as indicators further assessed for mal-
nutrition (plasma concentration of free fatty acids,
ketone bodies) did not show any association with the
EEG sleep and CT measurements and, therefore, are
not reported in detail here.

Discussion

The similarity of the EEG sleep pattern in anorexic
and bulimic patients, as well as the results regarding
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Fig 2 Correlation between plasma triiodothyronine (ng/dl)
and amount of REM sleep (% SPT) in patients with eating dis-
orders (n = 12)

brain morphology and endocrine measurements,
closely resemble the observations reported earlier,
including the reference data of control subjects l 22,
23, 25 l The focus of the present pilot study, how-
ever, was to investigate whether there is an inter-
action between endocrine parameters, brain mor-
phology and sleep during the acute state of anorexia
nervosa as well as bulimia nervosa Comparing the
patients with a normal VBR value with those display-
ing ventricular dilatation, the latter group tended to
spend more time in SWS but less time in REM sleep.
Furthermore, patients with ventricular enlargement
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displayed high levels of cortisol and low concentra-
tions of T 3 These observations, obtained by dicho-
tomizing the patient sample according to the criterion
of a normal versus an enlarged ventricular system,
became more obvious when analysing the respective
interactions This resulted in the finding that low T 3
plasma levels and elevated cortisol serum concentra-
tions were associated with a reduced amount of REM
sleep as well as with an enlargement of internal and
external CSF spaces.

To our knowledge the influence of a low T 3 level
on sleep regulation has not yet been described in the
literature A low T 3 concentration, which in anorexia
nervosa and bulimia nervosa is regarded as an adap-
tive response of the organism to chronic or intermit-
tent starvation, reflects down-regulated metabolic
processes l 31 l It seems likely that a T 3-mediated re-
duction of metabolic processes mainly affects those
sleep structures i e REM sleep in which meta-
bolic rates normally increase Such a rise of metabo-
lism during dream (REM) sleep has been reported in
healthy volunteers by assessing the regional glucose
metabolism l 13 l and during desynchronized sleep in
animals by measuring the regional cerebral blood
flow l 10 l.

With respect to our finding of a close association
between elevated plasma cortisol levels and a low
amount of REM sleep, it is of special interest that
Born et al l 2 l and Fehm et al l 8 l found a reduced
amount of REM sleep after the application of cor-
ticosteroids Furthermore, a diminished amount of
REM sleep was reported by Gillin et al l 11 l after
ACTH application and by Holsboer et al l 15 l after
intravenous injection of corticotropin-releasing hor-
mone (CRH) Thus, it is most likely that the limbic-
hypothalamic-pituitary-adrenal hormones modulate
neurotransmission in neurons involved in the basic
regulation of sleep.

Of course, one can critically remark that in the
present investigation cortisol was measured in a sam-
ple which had been collected immediately after
morning awakening However, it is well known that
patients with eating disorders especially with
anorexia nervosa have an increased 24-h cortisol
secretory pattern l 3, 6 l, the degree of which may be
well reflected by the plasma levels measured by us.

According to these results resembling prior obser-
vations that a low T 3 secretion and hypercortisolism
are associated with enlarged CSF spaces l 17, 18, 22,
34 l, it can be hypothesized that malnutrition-induced
endocrine alterations not only affect brain morphol-
ogy but also diminish the amount of REM sleep in
patients with eating disorders On the other hand, it
can also be speculated that not malnutrition per se
but an increased release of endogenous CRH l 4, 12,

16 l, the anorectic effect of which is well documented
l 20, 28 l, causes the behavioral, endocrine, neuro-
anatomical and EEG sleep alterations It is also
likely that a mutually synergising effect of CRH
hypersecretion and of malnutrition with its secondary
consequences leads to the respective abnormalities in
patients with eating disorders.

Finally, one has to consider the possibility that
brain shrinkage directly affects the physiological reg-
ulation of sleep, especially since it was demonstrated
that an enlargement of internal and external CSF
spaces is associated with a diminished regional cere-
bral blood flow l 36 l.

Regardless of the discussion of cause and effect of
the behavioural and biological changes in patients
with eating disorders, this study gives hints that
neuroendocrine disturbances, morphological brain
alterations and the state of nutrition influence EEG
sleep patterns as intervening variables In our opin-
ion, this circumstance should be taken into consider-
ation when analysing the polysomnograms of those
psychiatric disorders which display disturbances in
neuroendocrine activity and enlarged CSF spaces as,
for example, is the case in major depression l 7, 14,
27, 34 l.

References

1 Artmann H, Grau H, Adelmann M, Schleiffer R ( 1985)
Reversible and non-reversible enlargement of cerebrospi-
nal fluid spaces in anorexia nervosa Neuroradiology 27:
304-312

2 Born J, Kern W, Bieber K, Fehm-Wolfsdorf G, Schiebe
M, Fehm HL ( 1986) Night-time plasma cortisol secretion is
associated with specific sleep stages Biol Psychiatry 21:
1415-1424

3 Boyar RM, Hellman L, Raffwarg HP, Katz J, Zumoff B,
O'Connor J, Bradlow HL, Fukushima DK ( 1977) Cortisol
secretion and metabolism in anorexia nervosa N Engl J
Med 296:190-193

4 Cavagnini F, Invitti C, Passamonti M, Polli E ( 1986) Re-
sponse of ACTH and cortisol to corticotropin releasing
hormone in anroexia nervosa N Engl J Med 314:184-185

5 Crisp AH, Stonehill E, Fenton GW ( 1970) An aspect of
the biological basis of the mind-body apparatus: the re-
lationship between sleep, nutritional state, and mood in
disorders of weight Psychother Psychosom 18: 161-175

6 Doerr P, Fichter M, Pirke KM, Lund R ( 1980) Relation-
ship between weight gain and hypothalamic pituitary
adrenal function in patients with anorexia nervosa J
Steroid Biochem 13:529-537

7 Dolan RJ, Calloway SP, Mann AH ( 1985) Cerebral ven-
tricular size in depressed subjects Psychol Med 15:873-
878

8 Fehm HL, Benkowitsch R, Kern W, Fehm-Wolfsdorf G,
Pauschinger P, Born J ( 1986) Influences of corticosteroids,
dexamethasone, and hydrocortisone on sleep in humans.
Neuropsychobiology 16:198-204



212

9 Feighner JP, Robins E, Guze SB, Woodruff RA, Winokur
G, Munoz R ( 1972) Diagnostic criteria for use in psychia-
tric research Arch Gen Psychiatry 26:57-63

10 Franzini C, Lenzi P ( 1988) Regional blood flow in the cen-
tral nervous system during sleep In: Koella WP, Obal F,
Schulz H, Visser P (eds) Sleep '86 Fischer, Stuttgart, pp
67-69

11 Gillin JC, Jacobs LS, Snyder F, Henkin RI ( 1974) Effects
of ACTH on the sleep of normal subjects and patients with
Addison's disease Neuroendocrinology 15:21-31

12 Gold PW, Gwirtsman H, Avgerinos PC, Nieman LK, Gal-
luci WT, Kaye W, Jimerson D ( 1986) Abnormal hypo-
thalamic-pituitary-adrenal function in anorexia nervosa.
Pathophysiologic mechanisms in underweight and weight-
correlated patients N Engl J Med 314:1335-1342

13 Heiss WD, Pawlik G, Herholz K, Wagner R, Wienhard K
( 1985) Regional cerebral glucose metabolism in man dur-
ing wakefulness, sleep, and dreaming Brain Res 327:362-
366

14 Holsboer F ( 1988) Implications of altered limbic-hypo-
thalamic-pituitary-adrenocortical (LHPA) function for
neurobiology of depression Acta Psychiatr Scand 77:72-
111

15 Holsboer F, Bardeleben U von, Steiger A ( 1988) Effects of
intravenous corticotropin-releasing hormone upon sleep-
related growth hormone surge and sleep EEG in man.
Neuroendocrinology 48:32-38

16 Hotta M, Shibasaki T, Masuda A, Imaki T, Demura H,
Ling N, Shizume K ( 1986) The response of plasma adreno-
corticotropin and cortisol to corticotropin-releasing hor-
mone (CRH) and cerebrospinal fluid immunoreactive
CRH in anorexia nervosa patients J Clin Endocrinol
Metab 62: 319-324

17 Jellinek EH ( 1962) Fits, faints, coma, and dementia in
myxoedema Lancet I: 1010-1012

18 Johnstone EC, Owens DGC, Crow TJ, Colter N, Lawton
CA, Jagoe R, Kreel L ( 1986) Hypothyroidism as a corre-
late of lateral ventricular enlargement in manic-depressive
and neurotic illness Br J Psychiatry 148:317-321

19 Kohlmeyer K, Lehmkul G, Poutska F ( 1983) Computed
tomography of anorexia nervosa AJNR 4:437-438

20 Krahn DD, Gosnell BA, Levine AS, Morley JE ( 1988) Be-
havioral effects of corticotropin-releasing factor: localiza-
tion and characterization of central effects Brain Res 443:
63-69

21 Krieg JC, Backmund H, Pirke KM ( 1987) Cranial com-
puted tomography findings in bulimia Acta Psychiatr
Scand 75:144-149

22 Krieg JC, Pirke KM, Lauer C, Backmund H ( 1988) Endo-
crine, metabolic and cranial computed tomographic find-
ings in anorexia nervosa Biol Psychiatry 23:377-387

23 Krieg JC, Lauer C, Pirke KM ( 1989) Structural brain ab-
normalities in patients with bulimia Psychiatry Res 27:
39-48

24 Lacey JH, Crisp AH, Kalucy RS, Hartman MK, Chen CN
( 1975) Weight gain and the sleeping electroencephalo-

gram: study of 10 patients with anorexia nervosa Br Med
J 4:556-558

25 Lauer C, Zulley J, Krieg JC, Riemann D, Berger M ( 1988)
EEG sleep and the cholinergic REM induction test in
anorexic and bulimic patients Psychiatry Res 26:171-181

26 Levy AB, Dixon KN, Schmidt H ( 1987) REM and delta
sleep in anorexia nervosa and bulimia nervosa Psychiatry
Res 20:189-197

27 Loosen PT ( 1987) Thyroid hormones and affective state.
In: Halbreich U (ed) Hormones and depression Raven
Press, New York, pp 357-383

28 Morley JE, Levine AS ( 1982) Corticotrophin releasing fac-
tor, grooming, and ingestive behavior Life Sci 31:1459-
1464

29 Neil JF, Merikangas JR, Foster FG, Merikangas KR,
Spiker DG, Kupfer DJ ( 1980) Waking and all-night sleep
EEG's in anorexia nervosa Clin Electroencephalogr 11:
9-15

30 Pahl J, Pirke KM, Schweiger U, Warnhoff M, Gerlinghoff
M, Brinkmann W, Berger M, Krieg JC ( 1985) Anorectic
behavior, mood, and metabolic and endocrine adaptation
to starvation in anorexia nervosa during inpatient treat-
ment Biol Psychiatry 20:874-887

31 Pirke KM, Pahl J, Schweiger U, Warnhoff M ( 1985) Meta-
bolic and endocrine indices of starvation in bulimia: a com-
parison with anorexia nervosa Psychiatry Res 15:33-39

32 Rechtschaffen A, Kales A ( 1968) A manual of standard-
ized terminology, techniques, and scoring system for sleep
stages of human subjects U S Government Printing Of-
fice, Washington, DC

33 Russell GFM ( 1983) Anorexia nervosa and bulimia ner-
vosa In: Russell GFM, Hersov L (eds) Handbook of psy-
chiatry, vol 4 The neuroses and personality disorders.
Cambridge University Press, Cambridge, pp 285-298

34 Schlegel S, Bardeleben U von, Wiedemann K, Fromm-
berger U, Holsboer F ( 1989) Computerized brain tomog-
raphy measures compared with spontaneous and sup-
pressed plasma cortisol levels in major depression Psycho-
neuroendocrinology (in press)

35 Schmauss C, Krieg JC ( 1987) Enlargement of cerebrospi-
nal fluid spaces in long-term benzodiazepine abusers.
Psychol Med 17:869-873

36 Schreiber W, Lauer C, Pirke KM, Emrich HM, Leinsinger
G, Moser EA, Krieg JC ( 1989) The impact of starvation on
brain morphology and function in eating disorders In:
Cazzullo CL, Internizzi G, Sacchetti E, Conte G, Vita A
(eds) Plasticity and morphology of the central nervous sys-
tem: a challenge for psychiatry of the nineties MTP Press,
Lancester (in press)

37 Walsh BT, Goetz R, Roose SP, Fingeroth S, Glassman
AH ( 1985) EEG-monitored sleep in anorexia nervosa and
bulimia Biol Psychiatry 20:947-956

Received August 9, 1988


