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Background: Disturbances of leptin, neuropeptide Y compensation for the excess of food ingested. The major-
(NPY), and peptide YY (PYY) have been found in womeity of people with BN have irregular feeding patterns, and
who are ill with anorexia or bulimia nervosa. It is not satiety may be impaired. Although abnormally low body
certain Whethe_zr peptide disturbances are cause or COHSQNeight is an exclusion for the diagnosis of BN, some
quence of eating disorders. 25-30% of bulimics presenting to treatment centers have a
Methods: Plasma leptin and cerebrospinal fluid leptin, prior history of AN; however, all bulimics have patholog-
NPY, and PYY concentrations were measured in womejgal concern with weight and shape. Common to both
who were recovered from anorexia or bulimia nervosa tOindividua|S with AN and BN are low Se|f-esteem, depres_
determine whether alterations persisted after recovery. gjon, and anxiety. In the past decade, a number of
Results:NPY, PYY, and leptin concentrations were simi-neuropeptides have been discovered that have profound
lar across all diagnostic groups. effects upon appetite and weight regulation. These include
Conclusions: Alterations in NPY, PYY, and serum leptin neuropeptide Y (NPY), peptide YY (PYY), and leptin. It
concentrations are probably secondary to pathologicalis theoretically possible that alternations in the activity of
eating behaviors. Alterations of these peptides are unlikelthese brain peptides could contribute to the pathophysiol-
to be trait-related disturbances that contribute to the ogy of AN or BN.
etiology of eating disorders. Biol Psychiatry 1999;46: Leptin is the hormone product of the mouse ob gene and
292-299 ©1999 Society of Biological Psychiatry human homologue gene, LEP (Zhang et al 1994). It is
secreted predominantly by adipose tissue cells, and it is
Key Words: Leptin, neuropeptide Y, peptide YY, recov- thought to contribute to the regulation of body fat (Con-
ered eating disorders sidine et al 1996). Leptin may decrease food intake and
reduce body weight by decreasing NPY synthesis or by
inhibiting NPY’s action as an appetite stimulant (Stephens
) et al 1995), increasing metabolic rate by activation of
Introduction B-adrenergic receptors, and possibly by having its own, or

norexia nervosa (AN) and bulimia nervosa (BN) are other peptide—mediatgq anorexigenic p_roperties (Erikson
[\ disorders of unknown etiology that are characterizec®t @ 1996). In addition to its role in body weight
by aberrant patterns of feeding behavior and weighf€gulation, it has become apparent that leptin may also be
regulation. In addition, there are disturbances in attitude§ Metabolic signal that mediates impaired reproductive

toward weight and shape and the perception of bod);lbility in conditions of extreme over- and underweight
shape. In AN there is an inexplicable fear of weight gain(ChGhab 1996; Chehab et al 1996; Kopp et al 1997).

and unrelenting obsession with fatness even in the face of People W'th AN who are underwelght_ an.d. malnourished
increasing cachexia. BN usually emerges after a period 0tFave consistently been found to have significantly reduced

dieting, which may or may not have been associated witf?lasma and csrtebrospln?l flqldht(CST) :epan c?nclintt:a-
weight loss. In BN, binge eating is usually followed by lons compared to normal weight control subjects (Hebe-

ither self-in vomiting. or me other means offrand et al 1995; Grinspoon et al 1996; Baranowska et al
either self-induced vomiting, or by some other means 01997; Ferron et al 1997; Mantzoros et al 1997a). Reduced
leptin concentrations are probably a normal physiological
response to starvation in anorexia nervosa. Interestingly,
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Center. Pittsburgh, Pennsylvania. people with AN have an increase in plasma leptin levels
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suggesting that premature normalization of leptin concenMethods and Materials
trations might contribute to difficulty in achieving and .

sustaining a normal weight in anorexia nervosa. Less worlEart'C'pantS

has examined the leptin status of individuals with bulimia\Women who had previously, in their lifetime, met DSM-III-R

nervosa; however, it appears that serum leptin concentr&!iteria for bulimia nervosa (RNWB), anorexia nervosa with
tions in ill bulimics are similar to those of normal control Pulimia (RBAN), and restricting anorexia nervosa (RRAN) were

women and are correlated with body mass (Argente et arecruited for this study. Subjects had been previously treated in

. t ti disord treat t t West P hiatri
1997; Ferron et al 1997; Kopp et al 1997; Zipfel et al | . o g CISOICErs freasment program at Western Fsychiatnic
1998) Institute and Clinic, Pittsburgh, Pennsylvania or were recruited

) ) ) through advertisements. DSM-III-R eating disorder diagnoses
NPY and PYY are related 36-amino-acid peptides thatyere arrived at by clinical interview with a psychiatrist (WHK).

are potent activators of feeding behavior. Our group (Kayero be considered “recovered,” subjects had to have at least 1 year
et al 1990) found that underweight anorexia nervosar more of 1) stable (defined by weight change<of-3 kg) and
patients had significantly elevated concentrations of CSkormal weight (based on Metropolitan height and weight charts
NPY compared to healthy volunteers; however, CSF NPY(Metropolitan Life Insurance Company 1959)) assessed by self-
concentrations normalized after long-term recovery. Inreport; 2) regular menstrual cycles; and 3) having not binged,
contrast patients with anorexia nervosa, whether underurged, or engaged in restrictive eating patterns prior to this
weight or recovered, had normal CSF PYY concentrationsStudy- In addition, subjects could not have used psychoactive
The powerful permissive effect (without the develop- medication such as antidepressants for the year prior to partici-

ment of tolerance) that central PYY administration has orPting in this study. .
Thirty-one healthy women served as a comparison group.

TOOd ingestion has 'e,d to Specu'fatl_on that increased aCtIV'These control women (NC) had no history of an eating disorder
ity of PYY may contribute to bulimia nervosa (Morley et o any psychiatric, medical, or neurologic illness. They had
al 1985; Morley and Blundell 1988). CSF PYY values for normal menstrual cycles, and had been within a normal weight
normal weight bulimic women studied when bingeing andrange since menarche. They also had no first-degree relatives
vomiting are similar to control subjects (Kaye et al 1990).with an eating disorder. These subjects were recruited through
In contrast, CSF PYY concentrations were significantlylocal advertisements.
elevated in bulimic women studied after a month of Both the recovered eating disorder and control groups were
abstinence from bingeing and vomiting compared tomedication-free_, except for use of oral contraceptives, at the time
healthy volunteer women and patients with anorexia ner®f study. Past high and low weights of both groups were assessed
vosa. This CSF PYY finding has been confirmed in a new/€"0sPectively by self-report. Percent ideal weight was calcu-
and larger group of normal weight bulimic women (M. Iatgd by -current weight/Metropolitan weight for height (Metro-
L olitan Life Insurance Company 195%) 100.

Lesem, personal communication). In contrast to womer?
with anorexia nervosa, patients with bulimia nervosa were
found to have normal CSF NPY levels. Protocol

Investigating the etiological role of neuropeptides inPrior to entering the study, subjects gave signed informed
women who are ill with eating disorders is problematic, consent. They completed a 7-day diary at home in which they
since the compromised nutritional status of these individdisted individual food items consumed, portion sizes, and exer-
uals may independently affect neuropeptides levels. Iderfise frequency. Despite methodological limitations inherent to
tification and assessment of individuals before the onset of°°d diaries (Thompson and Byers 1994), a comparison of the

the eating disorder would overcome the influences 01diaries completed by the control and recovered eating disorder

. - o . . ... women confirmed the presence of relatively normal dietary
impaired nutrition status, but such studies are prohibitive . o .
intake in the recovered eating disorder group. These data will be

given the low prevalence rates and our current inability topresented elsewhere.

accurately predict future sufferers of eating disorders. One gjy0d and CSE sampling were undertaken as part of a series of
way of determining whether a neuropeptide contributes tQudies investigating the concentrations of various neuropeptides
etiology of an eating disorder is to determine its statusn recovered eating disordered women in 1994. Biological
after long-term recovery. Abnormalities in a neurochemi-studies were only done during the first 10 days of the follicular
cal after long-term recovery may indicate a trait-related,phase of the menstrual cycle for all subjects. Subjects were
rather than state-related, disturbance. To determine thadmitted to a research laboratory on the eating disorders unit of
possibility of trait-related neuropeptide disturbances inV/estern Psychiatric Institute and Clinic on the evening prior to
women with eating disorders, the present study measured°°d sampling and lumbar puncture (LP) for adaptation to the
plasma leptin and CSF leptin, NPY, and PYY in individ- Iaborgtory and for psychological assessments. Fastlng plood
. . sampling and LP were undertaken the next morning. Subjects
uals who were long-term recovered from an eating disor- . : )
. . were served the same standardized, monoamine-controlled diets
der in comparison to normal control women. during their stay in the laboratory.
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Current Psychiatric Symptomatology pipetted in duplicate for the radioimmunoassay. PYY standard,
rl%\suman PYY antisera, and human PYY tracer were obtained from
. . : - enninsula Laboratories, Belmont, California. One hundred mi-
dardized inst t db If- t. All int . . : ’

arcized Instruments and by Set-repor INterviews were croliters of antiserum (1:80,000) was added to each sample and

conducted by trained master’'s and doctoral level clinical inter- .
y the PYY standard curve. The samples were then incubated for 48

viewers. Depression was assessed with the Beck Depressign .
: . ours at 4°C, after which 10QL of 1*2® human PYY tracer
Inventory (Beck et al 1961). Obsessions and compulsions wer '
v v ( ) ' pu'st W %3500 counts per tube) was added to each tube, and the

ith th Il Yale-B i Isi ) ! L
ZSCZTS s(ec(:ijgnéCts)e (gzr;;m anagt alro;vgnB;bsle;sggls) Cg?speusz:x éncubatlon continued for another 24 hours at 4°C. At this time, a
concerns with body image, weight, or caloric intake, or ComlOul_second antiserum (goat antirabbit gamma globulin) was added,

. . . - gnd the incubation continued for an additional 16 hours to
sive behaviors such as exercise and weighing oneself were excluded ~ .~ .
recipitate the bound counts. The samples were centrifuged to

from the CYBOCS. Eating disorder symptoms were assessed by tHe
) : separate bound from free PYY, and the pellets were counted to

Eating Disorder Inventory (EDI) (Gamer et al 1983) determine bound counts/min. The recovery of PYY added to

hormone-free CSF was90%. The detection limit of this assay

Lumbar Puncture and Blood Sampling was 0.9 pg/mL. All samples were measured in one assay run. The

Subjects participated in the LP and blood sampling protocol aftefNtraassay coefficient of variation at 1.5 pg/mL was 12%.

completing psychological assessments. Seventeen of the NC, 9 Samples for NPY assay were extracted prior to radioimmuno-
of the RBAN, 10 of the RRAN, and 24 of the RNWB women 2558Y- Frozen CSF samples (1.8 mL for each) were thawed on ice

agreed to have a LP. Subjects fasted from midnight until the"’m‘?| applied to Sep—_Pak C1$ cartridges (Waters, Milford, MA),
procedure was completed (betweem8and 10am) on the next which had been activated with 10 mL methanol followed by 10
day. The LP was performed at the L 3—4 interspace with subjectém‘ 0.1% trlfluoroe_lcetlc acid, Th? CSF samples were the_n
in a left lateral position. The first 12 cc of spinal fluid was placed 2PPlied t0 the cartridges. The cartridges were then washed with

into a single aliquot that was stored on wet ice during the LplOmL of 0.1% trifluoroacetic acid. The absorbed peptides were

procedure. Immediately after the completion of the LP proce-then eluted with 4 mL of 60% CECN and 40% 0.1% trifloro-

dure, this 12-cc aliquot was divided by pipet into 1-cc aadc acetic acid. The elutant was collected and the solvent evaporated
aliquots, which were immediately frozen on dry ice and stored at!Sing a _SPGEd vacuum concentrator (Savant, Fa_rmlngdale, NY)'
—70°C. The aliquots for neuropeptide assay were preserved i;{he rad|0|_mmur_loassay was performed as descrlbe_d above with
ascorbic acid. Leptin and other CSF neuropeptide activities may b€ following differences. NPY standard and antlboiy vere
influenced by other factors, such as dieting and weight loss (AgreffPt@ined from Penninsula Laboratories (Belmont, C ).l

et al 1986; Brady et al 1990; Boden et al 1996; Considine et al 19962Peled NPY was obtained from Amersham (Arlington Heights,

Kolaczynski et al 1996), therefore plasrBehydroxybutyrate g- |- The recovery of NPY added to hormone-free CSF was
HBA), a ketone body, was assessed as an index of starvation. >90%. The detection limit of the NPY assay was 25 pg/mL. Al
samples were measured in one assay run and the intraassay

coefficient of variation was 5% at 300 pg/mL.
Assays Radioimmunoassay was also used to measure estradiol (Diag-

All assays were done by laboratory staff blind to the clinical data.Nostic Product Corporation, Los Angeles, CA3:HBA was
Leptin was quantified using a commercial radicimmunoassay kitneasured by the enzymatic method of Williamson et al (1962).
purchased from Linco Research, Inc. (cat# HL-81K). In brief,

samples were incubated with 125I-leptin and leptin antibodyStatistics

overnight at 4°C. One milliliter of cold precipitating reagent was - )
added, and the samples were incubated at 4°C for 20 min. ThEMDP Statistical Software package (Dixon 1985) was used for

tubes were then centrifuged at 30§Gor 15 min at 4°C. The data analysis. Between-group comparisons were made using
supernatant was decanted, and the pellets were counted. @ne-way analysis of covariance. Post hoc comparisons bgtween
complete set of blank standards (0.5-100 ng/mL) and qualitygroups were made using two-tailetests. Wher_1 the assu_mp,tlons
controls were run with each assay. The lower detection limit of°' "0mogeneity of variance were met according to Levine’s test,
leptin is 0.5 ng/mL for plasma and 0.25 ng/mL for CSF. The pooledt tests are reported. When the. assumption was not met,
intraassay coefficients of variation are 6%60.8% and 5.5+ §eparata testg are repqrted. Correlations were examined with
0.9%, respectively. Imear-regr_es.sm_n_ analysis. Values are expressed as MesiD.

CSF NPY (Berrettini et al 1986) and PYY (Berrettini et al Bonferroni significance levels are reported to take into account

1988) were assayed by radioimmunoassay. For measurement [ﬁe effects of multiple comparisons.
plasma PYY levels, frozen CSF samples (1.8 mL) were thawed
on ice and lyophilized using a speed vacuum concentrato
(Savant, Farmingdale, NY). PYY samples were reconstituted irj:a sults

250 pL of assay buffer, consis_ting of 0_.063_ mol/L sodium Participant Characteristics

phosphate and 0.013 mol/L sodium edetic acid (pH 7.4), con-

taining 0.02% sodium azide, 0.1% Triton-X-100, 250 kiU/mL The characteristics of all participants and of the subset of
aprotinin, and 1% normal rabbit serum and allowed to sit for 1participants who agreed to take part in the LP are pre-
hour at 4°C. One hundred microliters of the sample was thersented in Table 1. Although the mean ages of all groups

Current psychopathology was assessed with a battery of sta
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Table 1. Participant Characteristics
ANOVA
Characteristic NC RBAN RRAN RNWB F P
n 31 13 10 29
(18) (10) 9) (24)
Age (years) 22.2- 3.8 25.9+ 4.7 222+ 3.1 26.1+ 5.6* 4.9 .004
(23.2+ 4.3) (25.9+ 3.2) (22.7+ 3.2) (26.6* 6.1) (2.0) (.07)
Body mass index 21814 21.3+ 2.2 19.3+ 1.20¢ 23.1+2.2 10.0 <.00005
(22.0%1.1) (20.8+ 1.9) (20.0= 0.9°9) (23.0=1.8) (3.2) (.02)
Current weight 103.5 8.9 103.4+ 10.3 94.7+ 7.8 111.5+ 10.58 7.3 .0002
(% of ideal) (105.5+ 7.6) (100.9= 10.0°) (97.2+ 8.%) (111.4% 10.2) (7.3) (.0003)
Past high weight 108.2 8.8 118.9+ 16.6 106.4+ 12.7 124.2+ 13.4 10.5 <.00005
(% of ideal) (110.2+ 8.3) (119.6+ 18.7) (102.6* 8.5 (124.6+ 14.3) (8.4) (<.00005)
Past low weight 94.6- 8.1 69.0+ 7.3¢ 67.8+ 8.5°¢ 94.7+ 8.3 58.1 <.00005
(% of ideal) (96.3% 8.2) (69.0x 7.9 (66.3= 8.9°) (94.9+ 8.3) (37.5) €.00005)
Age of eating 0=x0 146+ 2.6 147+ 2.1 16.1+ 3.0 — —
disorder onset
(years) (0= 0) (14.8% 2.4) (14.7x 2.3) (16.2+ 3.2) ) )
Duration of recovery a0 38.0+49.3 48.0+ 35.2 36.9+ 23.3 — —
(months) (0= 0) (26.8+ 19.0) (51.8+ 38.6) (38.5+ 24.3) ) )
EDI—drive for 1.1+ 2.0 55+ 55 4.1+ 6.6 4.3t 5.1 2.7 .05
thinness
1.7+ 2.5) 5.4+ 5.1) 4.2+ 6.3) (4.4 4.9) (2.9) (.04)
Bulimia 0.3+ 0.8 1.0=£1.3 1.8+ 25 1.0+-1.8 2.4 .08
0.1+ 0.3) (1.0= 1.3) (1.8 2.07) 15+ 1.5 (2.5) (.007)
Body dissatisfaction 3.948 9.2+ 8.7 7.7+87 12.6+ 7.5 5.1 .003
4.0+ 6.2) 9.1+ 8.3) (7.8+8.2) (13.3x 8.3) (3.3) (.02)
BECK 2.3+t 3.4 75*x7.1 3.814.2 6.8+ 6.9 3.3 .03
(3.4 4.0) (7.1+ 7.1) (3.8+3.7) 8.1+ 7.9) (1.6) (1)
CYBOCS 3.1+ 4.1 8.9+ 7.2 11.3+= 8.7 88+ 7.5 4.8 .002
(2.8 3.8) (9.6* 7.6) (11.0+ 6.9) (9.4 7.4) 2.7) (.04)
Estradiol (pg/mL) 36.0+ 35.0 43.8+37.1 56.0= 51.0 33.0= 54.0 0.5 6
(36.2* 35.0) (40.8% 25.1) (56.2+ 51.4) (33.6 56.0) (0.5) 7
B-HBA (nmol/L) 119.0+ 89.0 133.0+ 150.0 180.0+ 21.0 127.0+ 149.0 1.1 4
(118.8+ 89.0) (133.0+ 150.0) (108.4* 20.6) (131.2+ 151.6) (1.2) (4)

Data shown are mean SD. Data in parentheses refer to characteristics of the subset of participants from whom CSF was collected. ANOVA, analysis of variance; NC,
normal control subjects; RBAN, recovered bulimic anorexics; RRAN, recovered restricting anorexics; RNWB, recovered normal weight bulimigjrigODisorder
Inventory; BECK, Beck Depression Inventory; CYBOCS, Cornell Yale—-Brown Obsessive Compulsive SttB#, B-hydroxybutyric acid.

2Different from NC at 5% significance.

bDifferent from NC at 0.1% significance.

°Different from RNWB at 0.1% significance.

dDifferent from NC at 1% significance.

¢Different from RNWB at 1% significance.

were in the 20s, the RNWB group was significantly oldering criteria for recovery, the previously eating disordered
than the other groups (Table 1). The RRAN women had gyroups continued to exhibit elevated scores on the drive
significantly lower body mass index (kgfinthan the NC  for thinness and body dissatisfaction subscales of the EDI,
and RNWB groups. The percent ideal weight of the RRANand were more depressed and obsessional than the control
women was significantly lower, and the percent idealgroup. Plasma estradiol afs#HBA concentrations were
current weight of the RNWB women was significantly similar across all diagnostic groups (Table 1).

higher than the NC women. The past highest weight of the

RRAN women was significantly lower than that of the ) )

RNWB women, and the past highest weight of the RNwaNeuropeptide Concentrations

women was significantly higher than the NC women. NotThe concentrations of CSF NPY, CSF PYY, CSF leptin,
surprisingly, the past lowest weight of the recoveredand serum leptin concentrations were similar for all groups
anorexic groups was significantly lower than the past(Table 2); however, the CSF/serum leptin ratio in the
lowest weight of the NC and the RNWB groups. The ageRNWB group was lower than in the other groups, with the
of illness onset and the duration of recovery was similardifference being statistically significant between the
across the recovered eating disorder groups. Despite med®NWB and the RBAN groups.
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Table 2. Neuropeptide Concentrations in Normal Control Women and Women Recovered from an
Eating Disorder

ANOVA
Neuropeptide NC RBAN RRAN RNWB F p
CSF NPY (pg/mL) 185.G- 54.0 203.0+ 36.0 171.0+ 55.0  202.0*+ 63.0 0.8 5
CSF PYY (pg/mL) 1.6+ 0.5 1.4+ 0.5 1.5+ 0.3 1.4+ 0.3 0.5 7
Serum leptin (ng/mL) 11.6 4.0 9.7+ 6.0 12.7+ 6.4 144+ 6.4 1.6 2
CSF leptin (ng/mL) 0.5- 0.1 0.5+ 0.2 0.5+ 0.2 0.6+ 0.2 03 8
CSF/serum leptin 0.0% 0.01 0.07+ 0.04 0.05+ 0.02 0.04+ 0.0 3.2 .03

Data shown are meah SD. ANOVA, analysis of variance; NC, normal control subjects; RBAN, recovered bulimic anorexics;
RRAN, recovered restricting anorexics; RNWB, recovered normal weight bulimics; NPY, neuropeptide Y; PYY, peptide YY;
CSF, cerebrospinal fluid.

2Different from RBAN at 5% significance.

Relationship of Body Mass Index to Neuropeptide Discussion

Concentrations _ . .
NPY, PYY, and leptin concentrations are normal in

Table 3 shows the correlations between current body masgomen who recover from AN and BN. These data suggest
index and neuropeptide concentrations in the separaigat alterations of these peptides found in ill AN and BN
diagnostic groups and in the recovered eating disorderegye jikely to be secondary to malnutrition and are not traits
women as a whole (RBAN- RRAN + RNWB). Body  that cause AN or BN. We replicated our initial finding of
mass index was negatively correlated with NPY concenngrmal CSE NPY after long-term recovery from AN
tration only in the NC group. Body mass index was not(Kaye et al 1990). Although PYY concentrations have
significantly correlated with PYY in any of the diagnostic peen found to increase after short-term abstinence from
groups. In the RNWB women and in the recovered eati”‘ébingeing and vomiting in BN (Kaye et al 1990), the
disorder women as a group, body mass index was pOSbresent findings imply that this is a transient phenomena
tively correlated with both CSF and serum leptin concen-an reflects a reactive resetting of the modulation of CNS
trations. Body mass index was negatively correlated withoy'y  rather than a trait-related disturbance.

the CSF/serum leptin ratio in the recovered eating disorder The |ow levels of leptin in underweight anorexics and
group as a whole. the elevated leptin levels found during refeeding in an-
orexia nervosa are likely to be secondary to substantial
changes in dietary intake; however, the reduced CSF/
serum leptin ratio in the RNWB compared to the RBAN
women may be of potential interest. For circulating leptin

Relationship of Serum Leptin Concentrations to
Clinical Variables

Serum leptin was negatively associated with NPY concent tulfil its ol ‘anal of adiposity to the brain. it t
trations only in the RRAN women (Table 4). In all O Tullil 1tS Tole as signaf of adiposity to the brain, it mus

diagnostic categories serum leptin levels were positivel){“\goSS Itrl_e blﬁpdgbtram or FlOOd_CSdFCb;g'IeriZ Rhecegtly,
and strongly correlated to CSF leptin levels. Serum lepti € relationship between plasma an eptin has been

concentrations were not associated with estradiol or})estdescribed as nonlinear, such that individuals with high
B-HBA levels (data not shown) plasma leptin levels have a relatively low proportional

leptin concentration in CSF (Schwartz et al 1996). It has
been suggested that a saturable, carrier-mediated system
Table 3. Correlations between Current Body Mass Index and
Neuropeptide Concentrations in Women Recovered from

Eating Disorders Table 4. Correlations between Serum Leptin and Neuropeptide

Concentrations in Women Recovered from Eating Disorders

Characteristic NC RBAN RRAN RNWB All ED groups

CSF NPY _ 5 28 —25 —06 16 Characteristics NC RBAN RRAN RNWB All ED groups
CSF PYY .35 22 —-.02 -.16 —.10 CSF NPY 10 27 — 96 -10 - 20
Serum leptin 18 67 50 55 57 CSF PYY 3 55 -65 .36 -.10

CSF leptin 23 53 59 .36 .56 CSF leptin 80 .7 80° 88° 83
CSF/serum leptin —.12 —.40 —.42 —.23 —.40¢

NC, normal control subjects; RBAN, recovered bulimic anorexics; RRAN,

NC, normal control subjects; RBAN, recovered bulimic anorexics; RRAN, recovered restricting anorexics; RNWB, recovered normal weight bulimics; ED,
recovered restricting anorexics; RNWB, recovered normal weight bulimics; ED,eating disordered; NPY, neuropeptide Y; PYY, peptide YY; CSF, cerebrospinal
eating disordered; NPY, neuropeptide Y; PYY, peptide YY; CSF, cerebrospinalfluid.

fluid.
2Significant at the 1% level.
bSignificant at the 5% level.

2Significant at the 1% level.
bSignificant at the 5% level.
°Significant at the 0.1% level.
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operates to transport leptin into the brain and that, due ttNPY, but only in the NC women. This relationship
the saturation of available transporters, a reduced effisuggests that reduced NPY expression in those with higher
ciency of leptin uptake into the brain exists in overweightweights is a homeostatic mechanism to reduce appetite
individuals who tend to have higher leptin levels. It is and body weight. It is not known why such a relationship
possible that the reduced CSF/serum leptin ratio in thevas not observed among the recovered eating disorder
RNWB group may have been a consequence of saturatiogroups, but prior starvation or bingeing and vomiting may
of available leptin transporters, since these women werencouple this as a potential mechanism of homeostatic
significantly heavier and had slightly higher serum leptinregulation of body weight.
concentrations than the other diagnostic groups; however, It should be noted that percent body fat correlates with
the serum leptin concentrations were only slightly, and noteptin levels to a higher degree than does body weight. A
significantly, elevated in the RNWB group, and saturationlimitation of the present study is that we did not measure
of leptin transporters appears to only occur at leptinbody fat, which may have differed between groups inde-
concentrations above the normal range (Schwartz et glendently of body mass index; however, within the same
1996; Mantzoros et al 1997b). Thus it may be more likelygender and age range body mass index may represent
that the reduced CSF/serum leptin ratio in RNWB is not aaverage body fat estimates (Heitmann 1990).
consequence of high serum leptin levels saturating avail- Serum leptin concentrations were negatively correlated
able transporters, but may be due to some form ofnvith NPY only in the RRAN group. The direction of this
impairment in leptin transport to the brain. Such anassociation is as would be expected given that, during
impairment may erroneously signal a low body fat massstarvation, leptin production decreases to inform the brain
and contribute to the higher body mass index, the drive t@f reduced body fat and NPY levels increase to effect the
overfeed, and/or to the susceptibility of relapse in RNWBstimulation of appetite. Conversely, during overfeeding
relative to RBAN patients. It should be emphasized,leptin production increases to inform the brain of in-
however, that the CSF/serum leptin ratio in the RNWBcreased energy intake, whereas NPY levels decrease to
group was not significantly different from the NC group. effect inhibition of appetite (Sahu et al 1988). In addition,
Thus, although it is possible that the CSF/serum leptideptin itself has the ability to directly suppress hypotha-
ratio may contribute to the differences in pathophysiologylamic NPY synthesis (Stephens et al 1995). Why, how-
in RNWB and RBAN women, it does not appear to be aever, was a significant relationship between leptin and
specific etiological factor for bulimia nervosa. NPY only observed for the RRAN group? It is possible
Consistent with numerous previous studies of individ-that prior starvation and the sustainment of a relatively low
uals across all weight ranges (Grinspoon et al 1996mean body weight even after recovery may sensitize these
Hamann and Matthaei 1996; Sinha et al 1996; Ferron et dhdividuals into exceptionally tight coupling of leptin and
1997; Haffner et al 1997; Mantzoros et al 1997b), bodyNPY levels in an effort to counteract possible future
mass index was positively correlated with both serum anekxtreme body weight states.
CSF leptin concentrations in the recovered eating disorder The lack of correlation between leptin concentrations
groups. Leptin messenger RNA expression and synthesasnd estradiol is similar to the findings if Grinspoon et al
occurs almost exclusively in adipocytes, and it is the(1996). This group suggested that insulinlike growth
increased adipose tissue mass that accounts for the asgaetor-I (IGF-1), a hormone regulated by nutritional status
ciation between body weight and leptin concentrationghat falls in response to energy deprivation, may be one
(Houseknecht et al 1996). The absence of a correlatiofactor controlling leptin secretion.
between body mass index and leptin concentrations in the A limitation of the present study is that we did not
control women may have been due to the relatively narronmeasure IGF-I, insulin, or tumor necrosis factgrall of
weight range represented in this group. Conversely, thehich are thought to up-regulate leptin production (Grin-
strongest association between body mass index and leptspoon et al 1996; Mantzoros et al 1997b). Nor did we
levels was observed in the RNWB women, who had themeasure adrenocorticotropic hormone, cortisol levels, or
widest range in body mass index. dietary restraint, which have been previously reported to
Body mass index was negatively correlated with thebe inversely related to serum leptin concentrations (Mant-
CSF/serum leptin ratio in the recovered eating disorderzoros et al 1996; Von Prittwitz et al 1997). A further
group as a whole. This is consistent with the findings oflimitation of the present study was that not all of the
Mantzoros et al (1997a), who suggested that increasedomen studied participated in the LP procedure; however,
CSF/serum leptin ratio in underweight anorexia nervosaCSF samples were available from the majority of women
patients reflected an increase in efficiency of leptin uptakdén each of the recovered eating disorder groups.
under conditions of low plasma leptin and low body In summary, this study does not show evidence for the
weight. Body mass index was also negatively related texistence of trait-related alterations in absolute serum
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leptin and CSF leptin, NPY, and PYY concentrations inConsidine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens
women who have suffered from AN or BN. Such a TW. Nyce M, et al (19?6):'SlfrumdImbmunor:eacsilr\]/é-lertm
conclusion assumes that long-term recovered women are So'\r)lcézrggit.lggg_uggr;orma -weight and obese human&ng
Ll .phyS.IOIOQ.IcaI state as they were pr.lor to tr!eDixon J (1985): BMDP Statistical Software. Berkeley, CA,
onset of their eating disorder, and only prospective studie

fi hi lusi | hat i S University of California Press.
can confirm this conclusion. We speculate thatin RNWB, . o 3¢ “clegg KE, Palmiter RD (1996): Sensitivity to leptin

there may be an abnormality in the efficiency of brain — 4nq sysceptibility to seizures of mice lacking neuropeptide Y.
uptake of leptin in bulimia nervosa compared to RBAN.  Nature381:415-421.

Rep“cat'on Of thIS f|nd|ng and StUdIeS that pel‘mlt d|reCt Ferron F, Considine RV, Peino R, Lado |G’ Dieguez C’ Casan-
assessment and characterization of leptin uptake into the ueva FF (1997): Serum leptin concentrations in patients with

central nervous system will be required to further investi- anorexia nervosa, bulimia nervosa and non-specific eating
gate this possibility. Although these neuropeptides are disorders correlate with the body mass index but are indepen-

. . . . . - dent of the respective diseas€din Endocrinol46:289-293.
unlikely to be predisposing factors in eating dlsorders,G DM, O d MA. Polivy J (1983): The Eating Di
continued exploration of their roles as precipitating and/or>2 e’ DM, Olmstead MA, Polivy J (1983): The Eating Disor-

ders Inventory: A measure of cognitive-behavioral dimen-

maintaining factors and their relationship to neuroendo- gjons of anorexia nervosa and bulimia. In: Darbey PL

crine and reproductive function during the acute stages Garfinkel PE, Garner DM, Coscina DV, editors. Anorexia

and the recovery period of these illnesses remains war- Nervosa: Recent Developments in Research. New York, Alan
ranted. R. Liss, pp 173-184.
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