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Background: Brain-derived neurotrophic factor (BDNF) mutant mice show hyperphagia and hyperleptinemia. Animal and cell-culture
experiments suggest multiple interrelations between BDNF and the serotonin (5-HT) system. We studied serum BDNF in patients with
anorexia nervosa and its associations with peripheral indicators of the 5-HT system. To control for secondary effects of acute malnutrition, we assessed acutely underweight patients with anorexia nervosa (acAN) in comparison to long-term weight-recovered patients with
the disorder (recAN) and healthy controls. Methods: We determined serum BDNF, platelet 5-HT content and platelet 5-HT uptake in
33 patients in the acAN group, 20 patients in the recAN group and 33 controls. Plasma leptin served as an indicator of malnutrition.
Results: Patients in the acAN group were aged 14–29 years and had a mean body mass index (BMI) of 14.9 (standard deviation [SD]
1.4) kg/m2. Those in the recAN group were aged 15–29 years and had a mean BMI of 20.5 (SD 1.3) kg/m2 and the controls were aged
15–26 years and had a BMI of 21.4 (SD 2.1) kg/m2. The mean serum BDNF levels were significantly increased in the recAN group compared with the acAN group (8820, SD 3074 v. 6161, SD 2885 pg/mL, U = 154.5, p = 0.001). There were no significant associations
between BDNF and either platelet 5-HT content or platelet 5-HT uptake. Among patients with anorexia nervosa, we found significant
positive linear relations between BDNF and BMI (r = 0.312, p = 0.023) and between BDNF and leptin (r = 0.365, p = 0.016). Limitations:
We measured the signal proteins under study in peripheral blood. Conclusion: Serum BDNF levels in patients with anorexia nervosa
depend on the state of illness and the degree of hypoleptinemia. Upregulation of BDNF in weight-recovered patients with anorexia nervosa could be part of a regenerative process after biochemical and molecular neuronal injury due to prolonged malnutrition. Associations
between the BDNF and the 5-HT system in humans remain to be established.

Introduction
Anorexia nervosa is a frequent disorder among adolescent
girls and young women. According to the DSM-IV, diagnostic criteria for anorexia nervosa consist of weight loss or failure to attain expected weight gain during periods of growth,
intense fear of gaining weight or becoming fat, body image
disturbance and amenorrhea. Arising during the period of
growth and maturation, anorexia nervosa leads to interrup-

tions of somatic and psychological development and to serious medical complications and high mortality.
It is well known from computed tomography and magnetic resonance imaging studies that underweight patients
with anorexia nervosa have enlarged sulci and ventricles,
cortical atrophy and decreased grey and white matter volumes.1 Changes in brain metabolism as measured by magnetic resonance spectroscopy seem to be related to poor cognitive function.2
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Brain-derived neurotrophic factor (BDNF) is widely and
abundantly expressed in the central nervous system and is
available to some peripheral neurons.3,4 It has been implicated
in the development of the nervous system (i.e., neuronal
growth, differentiation, synaptic connectivity) and in neuronal survival and repair.5,6 Changes in central or peripheral
BDNF concentrations have been linked to a wide variety of
conditions. In particular, a decreased production of BDNF
protein has been found in neurodegenerative disorders7 and
in affective disorders.8
Several lines of evidence suggest that BDNF plays a role in
the pathophysiology of eating disorders. First, BDNF conditional mutant mice and BDNF+/− mutants show hyperphagia, hyperleptinemia and an age-related increase in body
weight. 9–12 Second, exogenous BDNF treatment has been
demonstrated to transiently reverse these abnormal eating
behaviours and obesity in BDNF+/− mice.10 Third, in mice,
fasting reduces BDNF, and leptin is able to induce the expression of BDNF in the hypothalamus via the melanocortin
pathway.13,14 Fourth, associations between BDNF gene polymorphisms and anorexia nervosa have been demonstrated.15–17 Studies on peripheral BDNF levels in humans
with eating disorders have been somewhat contradictory, but
most authors reported decreased serum BDNF levels in patients with anorexia nervosa or bulimia nervosa.18–21 However,
one large investigation demonstrated lower serum BDNF in
extremely overweight children and adolescents.22 It remains
to be elucidated whether decreased BDNF levels are a mere
consequence of prolonged cachexia or a stable trait marker in
patients with anorexia nervosa. To date, only one small study
has attempted to determine BDNF levels in patients with
anorexia nervosa after partial weight recovery.18
Another important signalling system in anorexia nervosa
is the serotonin (5-HT) system. Pharmacological agents that
increase intrasynaptic 5-HT or directly activate 5-HT receptors tend to reduce food consumption, whereas interventions lowering 5-HT neurotransmission increase food consumption and promote weight gain.23 A number of studies
have shown reduced 5-HT activity in acutely underweight
patients with anorexia nervosa.24–26 In contrast, for patients
with anorexia nervosa after long-term weight recovery, increased 5-HT transmission has been suggested as a trait
marker of the disorder.27,28
Brain-derived neurotrophic factor and 5-HT are 2 seemingly distinct signalling systems; however, BDNF has been
repeatedly shown to promote the survival and differentiation
of 5-HT neurons in vitro. Conversely, administration of antidepressants enhances BDNF gene expression.29
We aimed to answer 2 major research questions. First, we
tried to eliminate secondary effects of acute malnutrition on
BDNF by studying long-term weight-restored patients with
anorexia nervosa in comparison with acutely underweight
patients with anorexia nervosa and healthy controls. Therefore, we also determined circulating leptin concentrations as
a biological marker for the degree of malnutrition. Leptin is a
nutritionally regulated hormone primarily secreted by
adipocytes that affects food intake and energy expenditure.30
Hypoleptinemia is indicative of progressed semistarvation,
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an exceedingly low fat mass and impaired function of the
hypothalamic–pituitary–gonadal axis.31 Second, we hypothesized an association between serum BDNF and peripheral
markers of the 5-HT system. We assessed platelet 5-HT uptake with low substrate concentrations and platelet 5-HT content. The human platelet 5-HT transporter and the brain 5-HT
transporter are identical proteins that are encoded by the
same single-copy gene.32 Recent ex-vivo and neuroimaging
data provide evidence for functional similarities between the
neuronal and platelet 5-HT transporter.33,34

Methods
Participants
The sample population consisted of female patients with
acute anorexia nervosa, short-term/partially weight-restored
anorexia nervosa, recovered anorexia nervosa and healthy
controls. We recruited participants with acute anorexia nervosa (acAN group) according to DSM-IV criteria within
1 week after admittance to eating disorder programs of a university child and adolescent psychiatry and psychosomatic
medicine department. During the study period, all acAN
patients were enrolled in a behaviourally oriented nutritional
rehabilitation program and were encouraged to gain a minimum of 500 g of body weight weekly. Following a weight
gain of 10% or more, we reassessed the patients; we refer to
them as patients with “short-term/partially weight-restored
anorexia nervosa.”
We also included 20 participants who had been previously
treated for anorexia nervosa and who had successfully recovered from their illness (recAN group). To be considered
“recovered,” participants had to
• maintain a body mass index (BMI) greater than 18.5 kg/m2
(patients older than 18 yr) or less than the tenth BMI percentile (patients younger than 18 yr35) for at least 3 months
before the study;
• menstruate; and
• refrain from binging, purging or engaging in substantially
restrictive eating patterns.
The control group consisted of normal-weight, eumenorrhoeic, healthy participants who we recruited through advertisement among middle school, high school and university
students.
We obtained information on possible confounding variables, including menstrual cycle and use of contraceptive
medication, using a semistructured research interview (the
Structured Interview of Anorexia Nervosa and Bulimic Syndromes [SIAB-EX]36 interview) and by physical examination.
We derived information on comorbid psychiatric diagnoses
other than eating disorders from medical records. We also
assessed smoking habits, but they have not been reported to
affect 5-HT uptake or concentration in platelets.
We excluded controls if they had any history of psychiatric
illness. We excluded patients if they had a lifetime history of
any of the following clinical diagnoses: organic brain syndrome, schizophrenia, substance dependence, bipolar disorder, bulimia nervosa or binge-eating disorder. Further
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exclusion criteria for all participants were IQ lower than 85;
current inflammatory, neurologic or metabolic illness;
chronic bowel diseases; cancer; anemia; pregnancy; breast
feeding; current use of acetylsalicylic acid, cortisone, antibiotics or antihypertensive medication; and use of antidepressants, antipsychotics or any other psychotropic medications or substances within the 6 weeks preceding the study.
The Institutional Review Board of the Charité —
Universitätsmedizin Berlin approved our study. All participants, or their guardians if the participants were underage,
provided written informed consent.

Clinical measures
We assessed current and/or past eating disorders in all participants using the expert form of the SIAB-EX.36 The SIAB-EX
for participants aged 12–65 years is a semistandardized interview that assesses the prevalence and severity of specific
eating-related psychopathology over a period of 3 months according to DSM-IV diagnostic criteria. It consists of 87 items
and provides diagnoses of eating disorders according to
International Classification of Diseases, version 10 and DSMIV criteria. Internal consistency was good, and the inter-rater
reliability ranged from 0.86 to 0.96.37 Clinically experienced
and trained research assistants (S.E., J.V.M.) conducted the
interviews under the supervision of an attending child and
adolescent psychiatrist (E.P., U.L.).
We assessed eating disorder–specific psychopathology
using the short version of the Eating Disorders Inventory
(EDI-2), a self-report questionnaire comprising 8 subscales.38
Response categories range from 1 “never” to 6 “always.” The
3 core subscales “drive for thinness,” “body dissatisfaction”
and “bulimia” were part of the confirmatory analyses in the
present study.
We determined general levels of psychopathology using
the global severity index of the Symptom Checklist-90Revised (SCL-90-R).39

Blood collection and biochemical assessments
To avoid possible confounding related to the season of testing, we recruited and assessed patients and controls in parallel. We collected venous blood samples of 9 mL into vacutainer tubes between 7:30 and 9:30 am after overnight fasting.
We centrifuged serum samples (800 g for 15 min) and stored
them at –80°C.
We measured endogenous levels of BDNF in the thawed
serum samples using commercial enzyme-linked immunosorbent assay (ELISA; Promega Inc.) kits in principle
according to the manufacturer’s instructions but adapted to
the fluorometric technique used also for nerve growth factor
determination and described in detail previously.40,41 We expressed the BDNF content as equivalents of recombinant
human BDNF. The detection limit of the assay was 1 pg/mL.
Determinations of recovery, specific and unspecific neurotrophin binding (the latter against mouse IgG1 κ monoclonal
isotype control) involved quadruplicate fluorescence determinations for each serum sample.

We prepared platelet-rich plasma and performed assays of
5-HT uptake and concentration immediately after venipuncture, as described elsewhere.42 In brief, we measured platelet
5HT content by high-performance liquid chromatography
(HPLC) with electrochemical detection after deproteinization
of the samples with perchloric acid. We examined 5-HT uptake by incubation of 100 µL platelet-rich plasma (3.5–4.5 ×
107 platelets) in Krebs phosphate buffer (pH 7.4) at very low
substrate concentration (15 nM [14C]-5-HT) at 37°C for 5 minutes (final volume 500 µL). After incubation, we collected and
washed platelets by filtration on glass microfibre filters
(Whatman).
We measured plasma leptin concentrations using a commercial Human Leptin “Dual Range” ELISA kit (Millipore)
according to the manufacturer’s instructions. Depending on
the protocol, sensitivity was 0.125–20 ng/mL or 0.5–
100 ng/mL.

Statistical analysis
Unless indicated otherwise, we presented all values as means
and standard deviations (SD). We used histograms, box
plots, normal probability plots and Levene statistics to verify
the underlying statistical assumptions. Owing to violations of
homogeneity of variances for plasma leptin concentrations
and non-normality for BDNF levels, we performed comparisons including these indicators with nonparametric
methods such as Kruskal–Wallis 1-way analysis of variance
(ANOVA), Mann–Whitney U tests and Wilcoxon tests. We
compared all other variables using 1-way ANOVA with subsequent Scheffé post-hoc tests and paired t tests.
Because deviations from normality for BDNF were marginal in this study, we also used analysis of covariance
(ANCOVA) to control for the effects of possible confounding
variables. Age served as a covariate. We entered use of contraceptive medication and menstrual cycle as random cofactors. The variable used for menstrual cycle had 3 levels according to the presumed hormonal situation: follicular phase
(high estradiol), luteal phase (high estradiol and progesterone) and amenorrhoea or irregular cycle (> 45 d, low
estradiol and progesterone).
We calculated correlations using Spearman correlation coefficients. We analyzed measures of psychopathology as a
group by multivariate analyses of variance (MANOVA). We
subsequently performed a Tamhane post-hoc test for multiple comparisons as the homogeneity of variance assumption
was not met. We performed all tests with SPSS statistical software, version 14.0 (SPSS Inc.).

Results
Participants
We enrolled 33 participants aged 14–29 years in the acAN
group. Of these, 21 (64%) of the patients were of the restrictive and 12 (36%) were of the binge/purge subtype,
and 8 (24%) had comorbid psychiatric disorders (5 had
depressive disorders, including dysthymia, and 3 had
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obsessive–compulsive disorder). Following a weight gain of
10% or more, we reassessed 7 (21%) patients, who we refer to
as patients with short-term/partially weight-restored
anorexia nervosa. We enrolled 20 participants aged 15–
29 years in the recAN group. Of these, 6 (30%) had associated
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Fig. 1: Mean scores and standard deviations on the Eating Disorders Inventory-238 core subscales and the Symptom Checklist-90Revised39 Global Severity Index (T score × 10−1) for long-term
weight-recovered patients with anorexia nervosa (recAN group),
acutely underweight patients with anorexia nervosa (acAN group)
and controls. Significant differences on Tamhane post-hoc tests for
multiple comparisons between the acAN and control groups and
between the acAN and recAN groups are indicated by asterisks
(p < 0.001). There were no statistically significant differences between the recAN and control groups (p = 0.65 for drive for thinness, p = 0.45 for bulimia nervosa, p = 0.23 for body dissatisfaction
and p = 0.98 for Global Severity Index).

psychiatric comorbidity at the time of treatment (5 had depressive disorders, including dysthymia, and 1 had other disorders). Finally, we enrolled 33 normal-weight, eumenorrhoeic,
healthy participants aged 15–26 years in the control group.
Figure 1 shows the mean values of the EDI-2 core subscales
and the SCL-90-R summary scale for participants in the
acAN, recAN and control groups. Results of the MANOVA
indicated significant differences among the 3 groups for all
EDI-2 subscales and the SCL-90-R summary scale (Pillai
criterion F8 = 8.2, p < 0.001). Tamhane post-hoc tests revealed
that patients in the acAN group scored significantly higher
than those in the recAN and control groups on all aforementioned scales. We observed no statistically significant differences between the recAN and control groups.
General characteristics and 5-HT platelet variables of the
3 groups are summarized in Table 1. Age, 5-HT uptake and
5-HT content were similar among the 3 groups, but BMI and
plasma leptin concentrations were significantly lower in the
acAN group than in the recAN and control groups.
Regarding our main outcome parameter, serum BDNF
(Fig. 2), results of the Kruskal–Wallis 1-way ANOVA indicated significant overall group differences ( χ 2 = 11.05,
p = 0.004). Pair-wise Mann–Whitney U tests revealed significantly higher serum BDNF in the recAN group than in the
acAN group (U = 154.5, p = 0.001). In addition, we found that
BDNF levels were lower in the control group than in the
recAN group (U = 226.0, p = 0.06) and lower in acAN group
than in the control group (U = 408.0, p = 0.08). To address
possible confounding related to age, use of contraceptive
medications and phase of menstrual cycle, we reanalysed our
data with ANCOVA. Neither age (F1,85 = 2.53, p = 0.12) nor
use of contraceptive medications (F1,85 = 1.55, p = 0.22) and
menstrual cycle (F2,83 = 0.50, p = 0.74) showed a significant
effect in the ANCOVA models. An exploratory subanalysis
comparing patients in the acAN group of the restrictive subtype with those of the binge/purge subtype revealed no statistically significant differences between the 2 subgroups
(5406.5, SD 1959.7 v. 7481.8, SD 1089.4 pg/mL; U = 93.0,
p = 0.23), but the mean serum BDNF level of patients of the
restrictive subtype (n = 21) was significantly lower than that
of patients in the control group (U = 215.5, p = 0.020).
We performed exploratory correlational analyses between
cross-sectionally determined serum BDNF and nutritional

Table 1: Comparison of demographic and clinical characteristics of 53 adolescent girls and women with anorexia nervosa and 33 matched controls
Group; mean (SD)
Characteristic

acAN (n = 33)

recAN (n = 20)

Age, yr
BMI, kg/m2
Leptin, ng/Ml

18.9 (3.9)†
14.9 (1.4) †‡
1.1 (1.7) †‡

21.0 (3.9) †
20.5 (1.3) †
9.2 (6.5)‡

19.0 (3.1)
21.4 (2.1)‡
15.3 (8.7)‡

520.4 (206.8)
62.5 (20.1)

411.8 (160.1)
61.4 (11.1)

452.8 (146.0)
56.8 (11.3)

9

5-HT content, ng 5-HT/10 platelets
5-HT uptake, pMol C-5-HT/10 platelets × 5 min
14

9

Control (n = 33)

Statistical test*

p value

F2,83 = 2.48
F2,83 = 138.31
χ22 = 83.69

0.09
< 0.001
< 0.001

F2,83 = 2.52
F2,83 = 1.21

0.09
0.30

5-HT = serotonin; acAN = acutely underweight patients with anorexia nervosa; BMI = body mass index; recAN = long-term weight-recovered patients with anorexia nervosa;
SD = standard deviation.
*Cross-sectional analyses were conducted by analysis of variance, except for leptin, which was calculated using Kruskal–Wallis 1-way analysis of variance.
†Values differ on Mann–Whitney U tests at the p < 0.001 level.
‡Values differ on Scheffé post-hoc tests for multiple comparisons at the p < 0.05 level or less.
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variables (BMI, leptin), psychological measures (EDI-2 core
subscales, SCL-90-R global severity index) and 5-HT parameters (5-HT uptake, 5-HT content) for patients with anorexia
nervosa (recAN + acAN) and controls separately. Among patients, we found significant positive linear relations between
BDNF and BMI (r = 0.312, p = 0.023) and between BDNF and
leptin (r = 0.365, p = 0.016). We found significant negative linear relations between BDNF and “drive for thinness”
(r = –0.312, p = 0.026), BDNF and “body dissatisfaction”
(r = –0.450, p = 0.001) and BDNF and the Global Severity
Index (r = –0.283, p = 0.044). When considered separately, we
observed no significant linear relations in the 3 groups.
We reinvestigated 7 patients in the acAN group at a second
time point (T2, mean 12.8, SD 4.0 weeks after the first assessment) after a short-term/partial weight recovery (weight
gain ≥ 10%). We observed a statistical trend for higher
plasma leptin at the second assessment compared with the
first (mean 0.4, SD 0.4 v. 5.2, SD 6.4 ng/mL; Z = –1.83,
p = 0.07), but there was no significant change in serum BDNF
(mean 6168.3, SD 2558.0 v. 7337.9, SD 1836.7 pg/mL;
Z = –1.35, p = 0.18).

Discussion
To our knowledge, this is the first study investigating BDNF

Brain-derived neurotrophic factor, pg/mL

*

15 000

10 000

5000

0
Healthy controls

Weight-recovered
patients with anorexia
nervosa

Acutely underweight
patients with anorexia
nervosa

Group
Fig. 2: Individual values and group means of serum brain-derived
neurotrophic factor in healthy controls, long-term weight-recovered
patients with anorexia nervosa and acutely underweight patients
with anorexia nervosa. The significant statistical difference between the anorexia groups is indicated by an asterisk (p < 0.005).

serum levels in recovered patients with anorexia nervosa in
comparison to acutely underweight patients with the disorder and healthy controls. We found significantly elevated
BDNF serum concentrations in recovered patients with
anorexia nervosa compared with patients in the acute stage
of illness. Our results underline the significance of malnutrition and hypoleptinemia for the interpretation of changes
in peripheral BDNF concentrations in patients with this
disorder.
Given that cerebral BDNF crosses the blood–brain barrier,43
it is reasonable to assume that serum BDNF concentrations
are associated with BDNF levels in the brain. This assumption
is substantiated by animal experiments showing that BDNF in
serum is correlated with BDNF expression in cortical brain
regions44 and the recently demonstrated positive association
between N-acetylaspartate, a well established marker of neuronal integrity, and serum BDNF in healthy humans.45,46 Hence,
upregulation of BDNF could be part of a regenerative process
associated with weight recovery.4 The significant correlations
that we observed between serum BDNF and leptin or BMI in
the whole group of patients with anorexia nervosa but not in
controls lends support to this hypothesis. Previous studies in
patients with eating disorders also found a positive relation
between BMI and serum BDNF,18–21 whereas no associations or
inverse relations exist in normal healthy volunteers.41,47,48 Since
there was only a statistical trend for the difference in serum
BDNF between recovered patients with anorexia nervosa and
healthy controls, BDNF in recovered patients is either normalized or truly elevated. However, it remains speculative
whether higher BDNF concentrations can reverse the detrimental effects of prolonged malnutrition on neural networks
in patients with anorexia nervosa.
Furthermore, animal experiments provide evidence for a
role of BDNF in the regulation of food intake and energy
homeostasis. Accordingly, we and others found, in particular, eating disorder–specific symptoms to be associated with
lower BDNF levels.18,49 In line with that, most previous studies demonstrated decreased BDNF serum levels in patients
with acute anorexia nervosa.18–21 In our sample, we found a
statistical trend for lower serum BDNF in all patients in the
acAN group and significantly decreased BDNF in patients of
the restrictive subtype. In contrast, Mercader and colleagues15
reported elevated plasma BDNF in a mixed sample of patients with anorexia nervosa and bulemia nervosa. Differences between studies might be attributed to the methodology used to determine serum BDNF, the assessment of BDNF
in plasma or whole blood instead of serum, or to sample
characteristics (e.g., different proportions of anorexia nervosa
subtypes within the patient group or unaffected discordant
siblings as the comparison group in the study by Mercader
and colleagues). To date only one other investigation aimed
to measure BDNF longitudinally. Similar to our results, there
was no significant difference in serum BDNF in the acute
stage and after partial weight recovery.18 Full weight recovery
might be a prerequisite for an increase of serum BDNF.
A multitude of animal studies and cell-culture experiments
suggest that BDNF promotes the development and function
of 5-HT neurons. In particular, BDNF promotes the sprouting

J Psychiatry Neurosci 2009;34(4)

327

Ehrlich et al.

of embryonic, mature and injured 5-HT axons.50–52 Further
studies suggest that 5-HT transmission exerts powerful control over BDNF expression.29 There is only limited ex-vivo
evidence for the interrelations of the neurotrophin and the
5-HT system in humans. In the present study, we failed to
detect significant associations between BDNF and either
platelet 5-HT content or platelet 5-HT uptake. Possible explanations are differences in the experimental design and between species. Cell-culture and animal experiments dealing
with the relation between BDNF and the 5-HT system are
mostly based on supraphysiological BDNF concentrations
and are therefore not easily transferred to the in-vivo situation.12,51 In addition, there might be differences in the regulation of platelet and neuronal 5-HT uptake. However, an association between low BDNF levels and low levels of central
5-HT activity using evidence from auditory signal processing
has been demonstrated previously. 53 Other studies have
found conflicting evidence regarding the genetic epistasis between the 5-HT transporter-linked polymorphic region and
the BDNF val66met polymorphism in humans.54,55

Limitations
The findings of our study should be considered in light of the
following limitations. First, the sample size in the longitudinal arm of the study was too small to draw reliable conclusions. In addition, partial weight recovery might not have
been sufficient to correctly assess regenerative processes.
Second, the signal proteins investigated in our study were
measured in peripheral blood. However, there is considerable evidence that they reflect the actual condition in the central nervous system.
In summary, results of our study suggest an effect of malnutrition and hypoleptinemia on peripheral BDNF concentrations in patients with anorexia nervosa. Recovered patients have elevated BDNF levels compared with acutely
underweight patients. This might be part of a regenerative
process after biochemical and molecular neuronal injury. It
may also be related to the regulation of appetite and eating
behaviour. There were no associations between BDNF and
peripheral markers of 5-HT transmission. Large prospective
studies are needed to verify our findings and clarify the effect
of BDNF on appetite before the onset and after recovery from
anorexia nervosa within the same patients.
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