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trations decline after weight loss;3,13 weight gain isORIGINAL RESEARCH ARTICLE
associated with an increased leptin synthesis.11

Percent body fat declines to below one percent uponLeptin levels in patients administration of leptin to young wild-type female
mice.2 Application of leptin to ob/ob mice induceswith anorexia nervosa are weight loss via a reduction of energy intake and an
increase in energy expenditure; body temperature risesreduced in the acute stage
and locomotor activity increases.2,14 Leptin also cor-
rects the reproductive defect of adult sterile femaleand elevated upon short-
ob/ob mice.5,6 In wild-type female mice exogenous
application of leptin blunts the starvation-inducedterm weight restoration
delay in ovulation and other metabolic consequences

J Hebebrand1, WF Blum2,3, N Barth1, characteristic of semi-starvation.15

Anorexia nervosa is characterized by underweight,H Coners1, P Englaro3, A Juul4, A Ziegler5,
amenorrhea and specific psychopathological featuresA Warnke6, W Rascher3 and H Remschmidt1
consisting of intense fear of gaining weight and dis-
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ology underlying leptin synthesis and its effects onGiessen, Germany; 4Rikshospitalet, Copenhagen,
reproductive function merit determinations of circulat-Denmark; 5Institute of Medical Biometry of the University
ing leptin concentrations in affected individuals, whoof Marburg, Germany; 6Department of Child and
have previously been shown to have low leptin levelsAdolescent Psychiatry of the University of Würzburg,
during the acute stage of the disorder.18–20Germany

In this study plasma leptin concentrations in 18 non-
pretreated patients ranged from 0.04 to 1.69 mg L−1

Keywords: starvation; weight gain; amenorrhea; fasting; (Figure 1) upon referral. The correlation between BMI
energy expenditure; eating disorder and leptin levels in these patients was 0.48 (P = 0.06).

Extremely low leptin concentrations (,0.1 mg L−1) wereCirculating leptin concentrations are known to be low in
observed in the two patients presenting with BMIsacute anorexia nervosa (AN), which is characterized by
below 13 kg m−2. Seventeen out of the 18 patients hadlow weight, amenorrhea and specific psychopatholog-

ical features. In this study plasma leptin concentrations levels below or at the 5th percentile of the reference
were determined during inpatient treatment of 23 ado- range formed by female controls of similar age and/or
lescent females with AN using a sensitive radioimmu-
noassay (RIA) and set into relationship to leptin levels of
females matched for age, body mass index (BMI; kg m −2)
and/or percent body fat. At referral patients had leptin
concentrations well below the female controls. Weight
gains led to steep increases of leptin levels which
peaked at values well in excess of those observed in
controls matched for BMI. In patients who reached the
final treatment stage and who were followed-up after
discharge, levels subsequently fluctuated and finally
dropped into or below the control range. The low leptin
levels at referral are likely to be involved in the patho-
genesis of amenorrhea and the reduced metabolic state
of acutely ill patients. Peak leptin levels reached after
weight gain are possibly the cause of increased energy
expenditure during this stage of the disorder.

The obese gene product leptin is secreted by adipo-
cytes.1–3 The leptin receptor gene is expressed in sev-
eral tissues.4–7 Serum leptin concentrations correlate
with BMI and percent body fat,3 suggesting that adipo-
cytes are signaling the brain and other tissues about the
size of the adipose tissue-depot. Serum leptin levels

Figure 1 Plasma leptin concentrations (logarithmic scale) inare higher in females compared to males even when
18 non-pretreated patients with anorexia nervosa vs bodyleptin is corrected for differences in body composition,
mass index (BMI; kg m−2) in comparison to the reference rangethus indicating a sexual dimorphic regulation.8 Single of healthy female controls matched for body mass index

meals do not significantly alter leptin levels.3 Short- and/or age. L Eighteen patients at referral (age range: 13.1–
term fasting9–11 and overeating12 lead to a rapid 18.6 years). Reference range: s 5.8–12.99 years; P 13.0–18.99
decrease and increase, respectively, in leptin synthesis years. The bold line and dashed lines represent the 50th and

5th and 95th percentiles, respectively.that precedes any weight alterations. Leptin concen-
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BMI (Figure 1). The patients’ mean (± s.d.) standard
deviation score for BMI-adjusted leptin concentrations
was −3.61 ± 1.85. This value was below the reference
range (P , 0.0001).

In comparison to controls the initial leptin levels in
patients were also reduced in relation to percent body
fat. In the ten patients in whom BIA was performed
upon referral leptin levels were at or below the fifth
percentile of the reference range formed by the 108
female controls (Figure 2).

During the first treament phase weight gain consist-
ently led to increments of leptin concentrations. The
maximal leptin concentrations and the BMI-increase
within the first 150 days of treatment were strongly cor-
related (r = 0.73; P ,0.05). However, the correlation
between maximal leptin concentrations and the
increase in percent body fat within the same time per-
iod was weak (r = 0.11; P = 0.78). Pooled intraclass cor-
relations (ANOVA; 13 patients; 83 measurements)

Figure 3 Maximal plasma leptin concentrations (linearbetween leptin concentrations up to achievement of
scale) vs body mass index (BMI; kg m−2) measured in 11the maximal concentrations and BMI and percent body
patients with anorexia nervosa during inpatient treatment offat were 0.79 and 0.49, respectively.
at least 50 days duration. L Eight patients who gained at leastThe maximal leptin concentrations of all of the 11
2 kg m−2; m three patients who gained less than 2 kg m−2. Forpatients who were treated for more than 50 days were
specification of the reference range see Figure 1.either in the upper reference range or surmounted the

95th percentile (Figure 3). These patients’ mean (± s.d.)
standard deviation score was 2.40 ± 0.90 and thus
above the reference range (P ,0.0001).

In three patients fluctuations in excess of 5.5 mg L−1

(Figure 4) were observed in the weeks prior to and after
measurement of the maximal concentrations, which
were accompanied by only minimal changes of BMI.
In the final treatment phase leptin levels dropped into
or towards the control range. In two followed-up
patients who lost weight after discharge the final leptin

Figure 4 Plasma leptin concentrations during and after inpa-
tient treatment (discharge occurred at day 211) of a female
with anorexia nervosa aged 15.8 years upon referral. Numbers
indicate body mass indexes at times when blood samplings
were performed.

concentrations were again well below the reference
range.

The variation of leptin levels over an observation
span of one year is illustrated for a patient in Figure 4.
This 15.8-year-old adolescent with recent onset of AN
had lost 10 kg within the 2 months prior to hospitaliz-
ation. Leptin synthesis increased slowly during the first
50 days of inpatient treatment (0.04–0.72 mg L−1), in
which the patient gained 6.8 kg. Thereafter leptin syn-Figure 2 Plasma leptin concentrations (logarithmic scale) in
thesis increased steeply up to day 100, by which time10 non-pretreated patients with anorexia nervosa vs percent
she had gained a total of 12.3 kg. The intermittentbody fat in comparison to the reference range of 108 healthy
phase of fluctuating leptin levels, which lasted forfemale controls aged 6.1–16.8 years; the bold line and dashed
approximately another 100 days and during which BMIlines represent the 50th and 5th and 95th percentiles, respect-

ively. and percent fat mass varied to a slight extent only, gave
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way to a continuous drop which presently has ended at for maintenance of body weight in short-term weight-

restored patients has been shown to be elevated abovea leptin concentration of 0.23 mg L−1 (BMI: 14.8 kg m−2).
After discharge renewed weight loss has totaled 6.8 kg. that of both long-term weight-restored patients and of

healthy female controls.22 This increased caloricThis study illustrates the dynamic state of leptin syn-
thesis in patients with AN. Single patients, who were requirement might contribute to poor outcome in the

short-term weight-restored patients because it wouldfollowed up for more than a year, allowed determi-
nations of plasma leptin levels in the acute stage of the be difficult for them to eat sufficient calories to main-

tain weight. Our results indicate that leptin might bedisorder, upon short-term weight restoration achieved
approximately after 100 days of inpatient treatment an important mediator of this phenomenon. Interest-

ingly, it has been suggested that a too rapid weight gainand finally upon renewed weight loss. The levels
observed are only amenable to an interpretation under during inpatient treatment, which based on the present

findings can be expected to lead to an excessive leptinconsideration of the co-investigated large number of
female controls matched for age, BMI and/or percent synthesis, is associated with a poor prognosis.23

The fluctuations of leptin levels observed in somebody fat.
The patients’ plasma leptin levels at referral are well patients (Figure 4) after weight gain suggest a tempor-

ary regulatory instability during which leptin synthesisbelow those of female controls matched for age, BMI
and/or percent body fat (Figures 1 and 2). In the light is eventually down-regulated. Our findings seem to

represent the reverse of the medal when comparedof the effects of fasting on leptin synthesis,9–11 it
appears that the patients’ chronic restriction of energy with leptin regulation in obese individuals upon

weight loss, in whom leptin levels drop initially andintake induces a drop in leptin synthesis even beyond
that accounted for by loss in fat mass. The low meta- rise again subsequently.3 Maintenance of a reduced or

elevated body weight is associated with compensatorybolic state in acute AN is possibly related to this
phenomenon. In the light of leptin’s effects on the changes in energy expenditure, which oppose the

maintenance of a body weight that is different from thereproductive system5,6,15 the exceedingly low concen-
trations most likely contribute to the pathogenesis of usual weight.24 It is tempting to speculate that leptin

is involved in this regulatory process. Patients with ANamenorrhea. Because menstruation in patients with
AN usually does not set in immediately upon weight possibly adapt to their underweight, thus partially

explaining the chronicity of this eating disorder.restoration, a more prolonged normalization of leptin
synthesis is required and/or additional factors are Because in these patients the BMI at referral is related

to the weight outcome at follow-up,25,26 it will be ofinvolved in this complex regulatory system. Figure 4
reveals that acute AN and its treatment lead to a long- interest to assess the prognostic significance of leptin

levels during the acute stage of AN.lasting perturbation of leptin synthesis.
In patients with AN at least 50% of weight is appar-

ently regained as fat. Especially in severely Methodsunderweight patients more fat free mass is gained
initially.21 In our patients (Figure 4) leptin levels The study sample comprised 23 female adolescent

inpatients with AN, of whom 18 fulfilled the DSM-IVincreased slowly during the first 50 days of treatment.
Afterwards comparatively large leptin increments criteria for restricting type AN and five for binge

eating/purging type AN.16 Ages upon admission rangedoccurred despite only slight BMI-increases. Our results
support a dynamic regulation of leptin synthesis, from 13.1 to 18.6 years (median 15.8 years). Median

BMI at referral was 14.4 (range: 12.4–17.3) kg m−2. Fivewhich is especially relevant, when energy intake is alt-
ered considerably. During such a dynamic period, cor- patients had been pretreated at other hospitals immedi-

ately prior to referral. The study was approved by therelations between leptin levels and BMI or percent
body fat are seemingly lower than in times of stable ethics committees of the Universities of Giessen and

Marburg; patients and controls or the parents of indi-weight regulation.
The consistent finding, that comparably small BMI viduals aged ,18 years gave written consent.

In this pilot study 13 patients were assessed uponincrements cause marked and disproportionate rises in
leptin levels beyond the reference range (Figures 3,4), referral and during inpatient treatment. Six of these

cases were followed-up after discharge (total obser-suggests an abnormal sensitivity of the regulation of
leptin synthesis reminiscent of a rebound phenom- vation spans: n = 4 # 100 days; n = 3 between 100 and

200 days; n = 3 between 200 and 300 days; n = 3enon. Inadequately high leptin concentrations can
theoretically result in appetite suppression and stimu- between 300 and 416 days). An additional ten patients

were assessed upon referral only, because they hadlation of energy expenditure. It may be hypothesized,
therefore, that disturbance of the metabolic state in either been admitted recently, declined further investi-

gations or discharged themselves with parental consentacute AN by realimentation is counteracted by a
marked increase of leptin. Faster and/or larger weight during the initial phase of inpatient treatment.

Body height and weight were measured upongains possibly entail higher leptin levels than more
prolonged weight gains. These findings complement referral. The first blood sampling for determination of

plasma leptin levels was performed within the firstthose observed upon weight gain due to overfeeding in
healthy subjects.12 days upon referral at 8 am, thus excluding an influence

of the circadian rhythm of leptin synthesis.27 Nine ofEnergy intake adjusted for body surface area required
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the 13 patients observed during inpatient treatment After centrifugation, the supernatant was decanted and

the precipitate was counted in a gamma counter. Half-consented to biweekly blood samplings; the remaining
four consented to less frequent samplings. Weight maximal binding of tracer occurred at 0.9 mg L−1. Sensi-

tivity of undiluted samples was 0.03 mg L−1. Inter- andmeasurements were performed concomitantly with the
blood samplings after an overnight fast at 8 am. The six intra-assay coefficients of variation were 8.5 and

0.8%, respectively.followed-up patients were reassessed at different time
intervals for up to four times after discharge.
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els in women with anorexia nervosa. J Clin Endocrinol Metab 1996; term follow-up in acute anorexia nervosa by low body weight at
81: 3861–3863. referral. Am J Psychiatry 1997; 154: 566–569.

21 Salisbury JJ, Levine AS, Crow SJ, Mitchell JE. Refeeding, metabolic 27 Sinha MK, Ohannesian JP, Heiman ML, Kriauciunas A, Stephens
rate and weight gain in anorexia nervosa: a review. Int J Eating Dis TW, Magosin S, Marco C, Caro JF. Nocturnal rise of leptin in lean,
1995; 17: 337–345. obese, and non-insulin-dependent diabetes mellitus subjects. J Clin

22 Kaye WH, Gwirtsman HE, Obarzanek E, George T, Jimerson DC, Invest 1996; 97: 1344–1347.
Ebert MH. Caloric intake necessary for weight maintenance in anor- 28 Segal KR, van Loan M, Fitzgerald PI, Hodgdon JA, van Itallie TB.
exia nervosa: non-bulimics require greater caloric intake than bul- Lean body mass estimation by bioelectrical impedance analysis: a
imics. Am J Clin Nutr 1986; 44: 435–443.

four site cross-validation study. Am J Clin Nutr 1988; 47: 7–14.
23 Remschmidt H, Schmidt MH, Gutenbrunner C. Prediction of long-

29 Blum WF, Breier BH. Radioimmunoassays for IGFs and IGFBPs.
term outcome in anorectic patients from longitudinal weight

Growth Regulation 1994; 4 (suppl 1): 11–19.measurements during inpatient treatment: a cross-validation study.
In: Remschmidt H, Schmidt MH (eds). Child and Youth Psychiatry:
European Perspectives. Volume 1. Anorexia Nervosa. Hogrefe &

Correspondence: J Hebebrand, Clinical Research Group, DepartmentHuber Publishers: Toronto, 1990, pp 150–167.
of Child and Adolescent Psychiatry, Hans-Sachs-Str 6, 35033 Mar-24 Leibel R, Rosenbaum M, Hirsch J. Changes in energy expenditure
burg, Germany. E-mail: HebebranKpost.med.uni-marburg.deresulting from altered body weight. N Engl J Med 1995; 332:
Received 3 January 1997; revised and accepted 25 March 1997621–628.


