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Introduction

Patients with anorexia nervosa experience extremely low body 
weight combined with body image disturbance, drive for thin-
ness, restrictive eating behaviour and often physical hyperac-
tivity.1 Eating disorders are the third most common chronic 
disease in adolescents, after obesity and asthma.2 Most eating 
disorders begin in adolescence, and the incidence of anorexia 
nervosa in adolescent girls is 100 to 200 per 100 000 person-
years, higher than that of type 1 diabetes;3 in Europe, the life-
time prevalence anorexia nervosa is 1% to 4%.4 Treatment con-
sists mostly of weight rehabilitation and psychotherapy, but 
outcomes are not satisfactory and relapse within months after 
the end of inpatient treatment is a common, unsolved problem. 

Only one-third to one-half of patients remain weight-restored,5 
and of all mental disorders, anorexia nervosa has the highest 
mortality rate.6 Anorexia nervosa is also a brain-based disease: 
dramatic brain-volume changes in adolescents, including grey 
and white matter loss of up to 10%, have been shown in sys-
tematic meta-analyses.7 These findings may be driven by astro-
cyte loss8 and appear to be largely reversible only upon weight 
rehabilitation. Without achieving weight recovery, brain vol-
umes remain reduced, with potential permanent brain altera-
tions and neuropsychological deficits that manifest in severe 
and enduring anorexia nervosa.9 Little is known about the 
underlying pathophysiology and etiology of anorexia nervosa. 
Specifically, we do not know why these patients lose weight 
and have such difficulty maintaining a healthy weight.
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Background: Brain-derived neurotrophic factor (BDNF) influences brain plasticity and feeding behaviour, and it has been linked to 
anorexia nervosa in numerous studies. Findings in mostly adult patients point to reduced serum BDNF levels in the acute stage of 
anorexia nervosa and rising levels with weight recovery. However, it is unclear whether this increase leads to normalization or supranor-
mal levels, a difference that is potentially important for the etiology of anorexia nervosa and relapse. Methods: We measured serum 
BDNF at admission (n = 149), discharge (n = 130), 1-year follow-up (n = 116) and 2.5-year follow-up (n = 76) in adolescent female pa-
tients with anorexia nervosa hospitalized for the first time, and in healthy controls (n = 79). We analyzed associations with body mass 
index, eating disorder psychopathology and comorbidities. Results: Serum BDNF was only nominally lower at admission in patients with 
anorexia nervosa compared to healthy controls, but it increased continuously and reached supranormal levels at 2.5-year follow-up. 
BDNF was inversely associated with eating disorder psychopathology at discharge and positively associated with previous weight gain at 
1-year follow-up. Limitations: We compensated for attrition and batch effects using statistical measures. Conclusion: In this largest 
longitudinal study to date, we found only nonsignificant reductions in BDNF in the acute stage of anorexia nervosa, possibly because of 
a shorter illness duration in adolescent patients. Supranormal levels of BDNF at 2.5-year follow-up could represent a pre-existing trait or 
a consequence of the illness. Because of the anorexigenic effect of BDNF, it might play an important predisposing role for relapse and 
should be explored further in studies that test causality.
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Brain-derived neurotrophic factor (BDNF) is an important 
growth factor of the neurotrophin family;10 it has a strong in-
fluence on cell proliferation and differentiation, as well as on 
synaptic plasticity and neuronal survival. In the central ner-
vous system, BDNF is differentially released from neurons in 
different brain regions (e.g., in the hippocampus and ventral 
tegmental area) that have been implicated in learning pro-
cesses and reward11,12 — processes thought to be affected in 
anorexia nervosa. Furthermore, BDNF neurons in the an
terior paraventricular nucleus of the hypothalamus actively 
inhibit appetite and food intake and enhance physical activ-
ity; those in the medial and posterior regions modulate ther-
mogenesis.13 Consequently, there is strong evidence that 
BDNF interacts with eating behaviour and the regulation of 
body weight. Cordeira and Rios14 eliminated BDNF post
natally from mouse brains, resulting in hyperactivity and 
high anxiety levels, symptoms also found in acute anorexia 
nervosa. However, the authors also reported increased body 
weight and linear growth (for a recent overview, see Kumar 
and Singh15). As well, mice with only 1 BDNF allele showed 
increased food consumption and obesity.16 Central infusion 
of BDNF in rat brains led to appetite suppression and weight 
loss in several experiments.14–16 Thus, increased BDNF could 
be a risk factor for developing anorexia nervosa or inducing 
anorexia nervosa relapse by reducing appetite and facilitat-
ing weight loss.

Brandys and colleagues17 published a meta-analysis on 
BDNF and anorexia nervosa that included 7 studies and 
155  patients. They found lower serum BDNF levels in a 
population of mostly adult patients with acute anorexia ner-
vosa compared to healthy controls. This finding was similar 
to observations in other psychiatric disorders, including de-
pression, schizophrenia and bipolar disorder.18–20 Brandys 
and colleagues17 interpreted this reduction as a marker of dis-
ease and possibly of ensuing brain alterations. Interestingly, 
body mass index (BMI) and measures of eating disorder psy-
chopathology were positively correlated with BDNF in pa-
tients with anorexia nervosa.17

However, recent studies have painted a more ambiguous pic-
ture. Dmitrzak-Weglarz and colleagues (n = 60),21 Steinhäuser 
and colleagues (n = 77)22 and Zwipp and colleagues (n = 72)23 
found no significant differences between patients with acute 
anorexia nervosa and healthy controls in a population consist-
ing mostly of adolescents. Eddy and colleagues (n = 72)24 found 
no significant differences between adults with anorexia ner-
vosa and healthy controls. However, reduced BDNF levels 
have also been confirmed in 3 studies of adolescents and adults 
with anorexia nervosa.25–27 Thus, it remains an open question 
whether BDNF is reduced in acutely ill patients with anorexia 
nervosa and whether findings in adolescents might differ from 
those in adults.

Regarding BDNF after weight recovery, 3 of 4 studies that 
have done cross-sectional comparisons of patients with 
anorexia nervosa found that patients who had recovered 
showed significantly higher BDNF levels than those who 
were acutely ill23,28,29 (but see Steinhäuser and colleagues,22 
who found no difference). Five longitudinal studies of short-
term weight-recovered patients with anorexia ner-

vosa22,23,27–29 supported these findings, but only with partly 
trend-level findings and often small sample sizes.

Whether serum BDNF levels normalize in recovered pa-
tients with anorexia nervosa (as would be expected) or in-
stead rise to supranormal levels that are significantly higher 
than that of healthy controls appears less clear. Four studies 
found nominal increases of 4% to 26% in recovered patients 
with anorexia nervosa compared to healthy controls, but 
these increases reached only trend level or were not signifi-
cant,22,23,28,29 while Tyszkiewicz-Nwafor and colleagues27 
found that BDNF levels were still decreased after only partial 
weight recovery. Thus, there have been indications of an in-
crease in serum BDNF to supranormal levels in recovered 
patients with anorexia nervosa, but previous studies have 
lacked the power to provide a definitive answer.

Supranormal BDNF levels in recovered patients with 
anorexia could point to elevated pre-existing BDNF levels 
(trait), or they could be a consequence of the illness, the 
weight gain or the therapeutic process (scar). Because of 
the anorexigenic effect of BDNF on hunger and appetite, 
understanding the origins of supranormal BDNF would be 
of great value for better understanding the pathophysiol-
ogy of anorexia nervosa and could contribute to relapse 
prevention.23,29,30

The aim of the present study was to longitudinally and con-
tinuously measure serum BDNF in a large, well-characterized 
sample of adolescent girls with first-onset anorexia nervosa 
over a 2.5-year follow-up after inpatient treatment and to 
compare findings with those in healthy controls. Our hypoth-
eses were as follows: BDNF at admission would be reduced in 
patients with anorexia nervosa compared to healthy controls, 
it would increase during treatment, and it would rise to 
supranormal levels compared to healthy controls during 
follow-up. We also explored associations between BDNF and 
clinical variables to identify potential interactions.

Methods

Study population

The study sample consisted of 149 female adolescent patients 
(aged 11 to 18 years) with first-onset anorexia nervosa and 
79 age-matched healthy controls. Patients were recruited be-
tween 2007 and 2010 within the context of a multicentre 
study (Anorexia Nervosa Day Patient versus Inpatient Study 
[ANDI]) at 6 German sites,31 and, of the total 178 ANDI 
patients, all 149 with available blood serum samples were in-
cluded. The ANDI patients with anorexia nervosa were hos-
pitalized with a diagnosis of anorexia nervosa according to 
the Diagnostic and Statistical Manual of Mental Disorders IV32 
and had a BMI below the 10th percentile for age. 

Patients showed symptoms of anorexia nervosa for 10.13 
± 8.02 months (mean ± standard deviation) before admission 
to hospital.

Patients with organic brain disease, psychotic or bipolar 
disorder, substance dependence or abuse, serious self
injurious behaviour, insufficient knowledge of the German 
language or an IQ of less than 85 were excluded.
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The study had 4 assessment time points. Again, we in-
cluded only patients for whom serum samples had been 
obtained: at admission to the hospital (acutely ill patients at 
admission, n = 149); at discharge from inpatient or 3-week in-
patient plus day-patient treatment (both after short-term 
weight recovery), an average of 4 months after admission 
(patients at discharge, n = 130); at 1-year follow-up (n = 116); 
and at 2.5-year follow-up (n = 76). 

We recruited female healthy controls via flyers in the Aachen 
area, age-matched them to the 1-year follow-up group and as-
sessed them at a single time point. Exclusion criteria for the 
healthy controls were as follows: an IQ less than 85, any lifetime 
eating disorder or any current other psychological disorders. 

Patients, controls and their parents provided written in-
formed consent before participation. The study was imple-
mented in alignment with the Declaration of Helsinki and 
Good Clinical Practice principles, including independent 
data management and monitoring. Local ethics committees 
provided their approval (EK 127/06).

Blood serum collection

Blood was collected in the morning between 0715 h and 0815 h 
after an overnight fast. In 30 of 79 healthy controls, blood collec-
tion was nonfasting and occurred around 1200 h for logistical 
reasons. After centrifugation and aliquoting, blood serum was 
stored at −80°C until assessment. Serum BDNF was analyzed 
via enzyme-linked immunosorbent assay (ELISA) in 2 batches 
(2012 and 2018) using the Quantikine ELISA (R&D Systems 
Inc.) at the Institute for Clinical Chemistry and Pathobiochemis-
try at Otto von Guericke University Magdeburg under the 
supervision of R.B. The BDNF measurements had intra-assay 
coefficients of variation of 2.4% to 3.2%, inter-assay coefficients 
of variation of 4.3% to 7.2% and a lower limit of detection of 
1.0 pg/mL. Fasting and nonfasting BDNF values for the healthy 
controls did not differ (mean ± standard deviation; fasting 13.61 
± 5.93 ng/mL, nonfasting 14.83 ± 7.84 ng/mL; Student t test, p = 
0.44), so we used all 79 samples in the analyses.

Because of the long time lapse between the 2 ELISA batch 
analyses, we compensated for possible batch and storage 
time effects; we also included age as potential confounder. To 
do this, we corrected BDNF values by calculating a multiple 
regression analysis, similar to previous analyses.23,28,33 We en-
tered BDNF values for healthy controls and patients with 
anorexia nervosa at all 4 time points as dependent variables, 
and we entered batch, storage time and age as independent 
variables in a single joint analysis. We labelled the BDNF-
standardized residuals from this analysis as “cBDNF” and 
used this measure for all analyses except the mixed-model 
analysis, which used the original BDNF results.

BMI-SDS calculation

Because normal BMI differs across development, we calcu-
lated BMI standard deviation scores (BMI-SDS) for patients 
and controls to obtain age-corrected information about weight 
development in our adolescent sample.34,35 We calculated 
BMI-SDS for 5 time points: baseline, before the onset of 

anorexia nervosa (patient recall data at the onset of weight 
loss), at admission, at discharge, at 1-year follow-up, and at 
2.5-year follow-up. Between admission and 2.5-year follow-
up, we measured BMI-SDS after an overnight fast; patients 
were wearing underwear during measurement.

Psychological assessment

To assess mental health and possible comorbidities, patients 
and healthy controls completed the following questionnaires: 
the Beck Depression Inventory II,36 the Eating Disorder In-
ventory 2,37 the Spence Children’s Anxiety Scale38 and the 
Morgan–Russell Outcome Assessment Schedule.39 The Morgan–
Russell Outcome Assessment Schedule contains following 
subscales: food intake, menstrual pattern, mental state, psy-
chosexual state and socioeconomic state; the maximum possi-
ble score is 180, which means no symptoms of illness. 

We used the Structured Interview for Anorexia and Bulimia 
Expert Interview (SIAB-EX) to assess eating disorder symp-
toms and typical comorbid symptoms.40 The SIAB-EX also in-
cludes a number of subscales: body image and slimness ideal, 
general psychopathology, sexuality and social integration, 
bulimic symptoms, measures to counteract weight and atyp
ical binges.41 The maximum total score (sexuality and social 
integration subscales excluded) is 244. We noted any use of 
antidepressant or antipsychotic medication, because these 
medications have been shown to increase BDNF.20

Statistical analysis

All analyses were performed using SPSS (version 23; IBM)42 
Two-sided p  values of less than 0.05 indicated statistical 
significance.

Group comparisons of cBDNF
First, to analyze whether cBDNF levels were different be-
tween patients with anorexia nervosa and healthy controls at 
the different assessment points, we compared cBDNF values 
between groups using Student t tests. To exclude any poten-
tial effects of selective serotonin reuptake inhibitor (SSRI) 
use, antipsychotic medication use or anorexia nervosa sub-
type, we repeated this analysis excluding all patients taking 
an SSRI, all patients taking olanzapine and all patients of the 
binge-purge subtype, respectively.

Longitudinal analyses of cBDNF
To analyze longitudinal changes in the anorexia nervosa 
group only, we calculated a repeated-measures analysis of 
variance (ANOVA) of cBDNF at admission, discharge, 1-year 
follow-up and 2.5-year follow-up for patients with complete 
data at all 4 time points.

To validate the above analyses and use the full patient sam-
ple, we also assessed longitudinal changes in the anorexia 
nervosa group using a linear mixed model calculation with 
uncorrected BDNF values and independent correction for age, 
batch effect and storage time (this could not include healthy 
controls because we had data from only 1 time point for this 
group). We computed models with different repeated-measures 
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covariance structures and compared them with likelihood 
ratio tests to find the best model in terms of fit and parsi-
mony. For this procedure, we estimated models once with 
maximum likelihood and once with restricted maximum like-
lihood. Both strategies resulted in compound symmetry with 
a heterogeneous variance–covariance structure. We estimated 
the final model with restricted maximum likelihood. Our 
sample size allowed us to detect even small effects of d > 0.14 
with 80% power in the longitudinal ANOVA and d > 0.10 in 
the mixed-model analyses. We repeated both analyses with 
restrictive-subtype patients only.

Parameters influencing cBDNF
To identify any potential influences of clinical parameters on 
the longitudinal course of BDNF, we repeated the linear mixed 
model described above. We included the following at each time 
point as independent variables, separately for each influencing 
factor: BMI-SDS, SSRI use, olanzapine use, anorexia nervosa 
subtype, menstruation status, hormonal contraceptive use and 
total scores on the Beck Depression Inventory II, Spence Chil-
dren’s Anxiety Scale, Morgan–Russell Outcome Assessment 
Schedule, Eating Disorder Inventory 2 and SIAB-EX.

To further analyze which variables could influence cBDNF 
at each time point, we used backward linear regression 
analyses, including the following potential influencing fac-
tors from the same or previous time points: BMI-SDS, weight 
loss before admission, illness duration, and total scores on 
the Beck Depression Inventory II, Morgan–Russell Outcome 
Assessment Schedule, Spence Children’s Anxiety Scale and 
SIAB-EX. For a full list of included parameters, please see 
Appendix 1, available at jpn.ca.

Influence of cBDNF on weight development and eating 
disorder psychopathology
We also determined whether prior cBDNF measurement 
would help predict BMI-SDS or SIAB-EX total score at a later 
time point.

First, we performed 3 backward linear regressions using 
BMI-SDS as the dependent variable and previous cBDNF 
measurements, illness duration, current BMI-SDS, previous 
weight change and questionnaire data from previous assess-
ment points as independent variables.

Then, we calculated whether previous cBDNF measure-
ments would predict SIAB-EX total score at a later time 
point using the same strategy, using SIAB-EX as the 
dependent variable and cBDNF, previous BMI-SDS vari-
ables and illness duration as independent variables. Because 
of high intercorrelation, we did not include data from the 
other questionnaires.

Finally, we tested whether cBDNF could help predict re-
lapse, conceptualized as underweight (BMI less than the 10th 
percentile or BMI-SDS less than −1.28) at 1-year and 2.5-year 
follow-up using logistical regression analysis with all previ-
ous cBDNF measurements as independent variables. We fur-
ther compared previous cBDNF values of relapsed patients 
with those of non-relapsed patients at 1-year and 2.5-year 
follow-up using Student t tests.

Results

For participant clinical characteristics and BDNF and cBDNF 
values, see Table 1. The results are reported as mean ± stan-
dard deviation.

Table 1: Participant characteristics

Characteristic

Healthy 
controls
n = 79

Patients with anorexia nervosa

At admission
n = 149

At discharge
n = 130

At 1-year 
follow-up
n = 116

At 2.5-year 
follow-up

n = 76

Age, yr 16.35 ± 1.93 15.32 ± 1.46 15.56 ± 1.51 16.3 ± 1.49 17.57 ± 1.54

BMI, kg/m2 21.25 ± 2.75 15.03 ± 1.28 18.08 ± 0.99 18.21 ± 1.69 19.26 ± 2.4

BMI-SDS 0.02 ± 0.81 −2.68 ± 0.91 −0.96 ± 0.42 −1.11 ± 0.76 −0.83 ± 1.14

>10th age-adapted BMI percentile* 100% 3.35% 83.7% 68.42% 71.05%

Eating Disorder Inventory 2 score 186.22 ± 44.19 261.41 ± 59.21 235.83 ± 61.27 256.05 ± 72.09 251.66 ± 63.14

Beck Depression Inventory II score 5.07 ± 5.26 19.54 ± 10.38 10.46 ± 8.44 13.36 ± 11.06 12.63 ± 10.81

Spence Children’s Anxiety Scale score 15.11 ± 7.7 22.53 ± 12.81 16.92 ± 11.85 18.28 ± 11.98 20.2 ± 14.91

Morgan–Russell Outcome Assessment Schedule score – 84.31 ± 25.11 97.47 ± 32.93 116.77 ± 28.86 125.09 ± 23.61

SIAB-EX total score – 63.74 ± 17.64 34.56 ± 14.42 40.57 ± 22.1 37.04 ± 24.19

Binge–purge subtype – 19.5% 19.2% 17.2% 23.7%

Taking SSRIs – 5% 10% 16% 18%

Taking olanzapine – 0% 7.4% 6% 0%

Menstruating† – 0% 18.3% 31.1% 38.7%

Taking hormonal contraception – 11.5% 8.3% 13.1% 48.0%

Serum BDNF, ng/mL 14.08 ± 0.75 17.36 ± 6.57 18.42 ± 7.48 19.07 ± 7.59 20.84 ± 8.26

cBDNF –0.44 ± 6.92 −1.76 ± 6.24 −0.31 ± 6.96 1.07 ± 7.11 2.8 ± 8.04

BDNF = brain-derived neurotrophic factor; BMI = body mass index; BMI-SDS = BMI standard deviation score (age-adapted BMI); cBDNF = BDNF corrected for age, storage time and 
batch effect; SIAB-EX = Structured Interview for Anorexia and Bulimia expert interview; SSRI = selective serotonin reuptake inhibitor.
Values are mean ± standard deviation or percent.
*Percentage of patients who had recovered a normal BMI. 
†Percentage of patients with regular or irregular menstruation, excluding patients taking hormonal contraception. 
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Group comparisons of cBDNF

We found that the cBDNF levels of patients with anorexia 
nervosa at admission were only nominally lower than those 
of healthy controls (p = 0.15). cBDNF levels did not differ at 
discharge (p = 0.90) or at 1-year follow-up (p = 0.14), but they 
were increased significantly at 2.5-year follow-up (p = 0.008; 
see Figure 1 and Appendix 1, Table S1).

Longitudinal changes in cBDNF

cBDNF levels in patients with anorexia nervosa increased 
continuously from hospital admission until 2.5-year follow-
up, as evidenced by repeated-measures ANOVA (all post hoc 
tests p < 0.05 except for patients at admission versus patients 
at discharge; see Figure 1 and Appendix 1, Table S2).

Our mixed-model analysis in only patients with anorexia 
nervosa showed that when we calculated the model using 
uncorrected BDNF and correcting for age, batch and storage 
time separately, we found significant time effects of rising 
BDNF between all 4 time points, except between discharge 

and 1-year follow-up (see Appendix 1, Figure S1, and Table S3). 
The exclusion of patients taking an SSRI or olanzapine, or of 
patients of the binge-purge subtype, did not significantly 
alter group comparisons or longitudinal results (for those 
with restrictive anorexia nervosa only, see Appendix 1, 
Tables S4 to S6).

Parameters influencing cBDNF

We found no significant longitudinal influences on cBDNF 
when we separately added the following as independent 
variables to the mixed-model analysis above: BMI-SDS, 
SSRI use, olanzapine use, menstruation status, hormonal 
contraceptives or total scores on the Beck Depression Inven-
tory II, Spence Children’s Anxiety Scale, Morgan–Russell 
Outcome Assessment Schedule, Eating Disorder Inven-
tory 2 or SIAB-EX.

We also conducted linear regression analyses for factors as-
sociated with cBDNF at each time point separately. We found 
that cBDNF at discharge was significantly inversely associ-
ated with eating psychopathology (SIAB-EX at discharge; 

Figure 1: cBDNF levels in healthy controls (n = 79) and in patients with anorexia nervosa at admission (n = 149), at discharge (n = 130), at 
1-year follow-up (n = 116), and at 2.5-year follow-up (n = 76). Lower bracket: Student t test of healthy controls versus patients with anorexia at 
different time points; only healthy controls versus patients with anorexia nervosa at 2.5-year follow-up reached significance. Upper brackets: 
post hoc tests, repeated-measures analysis of variance in 68 patients with anorexia nervosa using available data at all time points. **p < 0.01; 
***p < 0.001. cBDNF = brain-derived neurotrophic factor corrected for age, storage time and batch effect. 
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F = 7.201, R2 = 0.071, β =  −0.267, p = 0.009), and cBDNF at 
1-year follow-up was associated with previous weight gain 
between discharge and 1-year follow-up (change in BMI-SDS 
[discharge − 1-year follow-up]; F = 4.058, R2 = 0.038, β = 
0.195, p = 0.047; Figure 2).

Our tests of whether cBDNF could help predict BMI-SDS 
or eating psychopathology (SIAB-EX total score) based on 
backward linear regressions revealed no significant effects 
of cBDNF, nor did cBDNF significantly predict relapse in 
the logistical regression analysis. Interestingly, previous 
cBDNF values were nominally higher in relapsed patients, 
but the difference compared to nonrelapsed patients did not 
reach significance (cBDNF at discharge: −0.33 ± 7.09 [re-
lapse at 1 year, n = 40] versus −1.35 ± 6.87 [no relapse at 
1 year, n = 74], p > 0.05; cBDNF at 1 year: 2.07 ± 6.13 [relapse 
at 2.5 years, n = 21] versus 0.58 ± 7.69 [no relapse at 
2.5 years, n = 53], p > 0.05).

Exploratory analysis

We conducted an exploratory Pearson correlation analysis of 
the remaining time points to check for further associations 
between cBDNF and either BMI-SDS or SIAB-EX total score, 
which were significant in the regression analyses above. This 
analysis revealed additional associations between previous 
SIAB-EX and cBDNF levels: change in SIAB-EX (discharge − 
admission) was negatively correlated with cBDNF at dis-
charge (r = −0.281, p = 0.002) and SIAB-EX at 1-year follow-
up was negatively correlated with cBDNF at 2.5-year 
follow-up (r = −0.354, p = 0.002, see Appendix 1, Figure S2). 

Discussion

The aim of this study was to observe serum BDNF develop-
ment in the largest longitudinal sample to date (consisting of 
149 female adolescent patients with first-time onset anorexia 
nervosa) over a period of 2.5 years, and to compare these 
findings to those for 79 age-matched healthy controls. At ad-
mission, cBDNF levels in patients showed only nominally 
lower values compared to those of healthy controls, and then 
cBDNF values increased continuously to supranormal levels 
at 2.5-year follow-up. cBDNF values were inversely associ-
ated with eating disorder psychopathology (SIAB-EX total 
score) at discharge and positively associated with previous 
weight gain at 1-year follow-up.

Increased cBDNF levels at 2.5 years after first hospital
ization is a new and important finding. Because BDNF has a 
known anorexigenic effect on appetite and satiety — in 
addition to potentially positive effects on neuronal growth 
and synapse formation — it might make patients more 
susceptible to weight loss and relapse.

The nominally lower cBDNF values we found at admission 
point in the same direction as a previous, similarly powered 
meta-analysis by Brandys and colleagues,17 which found sig-
nificantly lower serum BDNF values in 155 mostly adult 
patients with acute anorexia nervosa compared to healthy 
controls. However, 4 recent studies did not find significant 
differences in a total of 209 adolescents and 72 adults21–24 (but 

see divergent results25–27). This raises the possibility that 
BDNF reduction might not be as pronounced in adolescent 
patients with anorexia nervosa, who tend to be less chron
ically ill. We could neither support nor dismiss this explana-
tion, because we found no correlation between cBDNF and 
duration of illness in our study. However, this finding might 
have been because of a lack of variability of illness duration 
in this cohort of first-onset patients and definitely warrants 
further research. As mentioned above, lower BDNF levels 
have also been reported in other chronic mental disorders, in-
cluding schizophrenia, bipolar disorder and depression.18–20 
BDNF plays an important role as a growth factor in terms of 
long-term potentiation and synaptic plasticity, which have 
been shown to be altered in these diseases.43,44 It could cer-
tainly also be true for anorexia nervosa, in which striking 
brain volume reduction, astrocyte reduction, neuron-associated 
light chain protein deviations and (moderate) neuropsy-
chological deficits have been well documented.8,9,45,46

Our results showed that BDNF levels increased continu-
ously to supranormal values over 2.5 years of observation in 
patients with anorexia nervosa. The increase in BDNF over 
the course of weight rehabilitation and recovery fits well 
with the pre-existing literature.22,23,27–29 This increase has been 
interpreted by previous authors as a reconstruction process, 
indicating repair mechanisms and reversal of damage in-
duced by starvation.17,23 However, this explanation does not 
appear to capture the whole process, because it does not ex-
plain our new finding of a supranormal endpoint at 2.5-year 
follow-up. Indeed, BMI-SDS and eating disorder psycho
pathology did not change much, on average, between dis-
charge and 2.5-year follow-up in our study, disputing a con-
tinuous process of repair and improvement or a rebound 
effect. On the other hand, the possibility of truly increased 
levels of BDNF after recovery has been hinted at by previous 
studies,22,23,28,29 which found that BDNF values were in-
creased by 4% to 25% above those of controls. However, 
these results did not reach significance, partially because of 
limited power (n = 18–62). In the present study, we found 
significantly increased cBDNF, even in a mixed sample of 
patients who had recovered and were still battling with dis-
ease, making our result relatively stronger.

We were unable to show significant associations between 
cBDNF levels and BMI-SDS in general or with underweight 
status at 1-year and 2.5-year follow-up, making a simple rela-
tionship between cBDNF and starvation or body weight 
recovery unlikely. However, predating cBDNF levels at dis-
charge and 1 year were both nominally higher in later re-
lapsed patients compared to nonrelapsed patients, compat
ible with the role of cBDNF as a risk factor for relapse. Two 
overlapping effects could have been at play: on one hand, 
cBDNF could be a (positive) marker of brain repair processes 
during acute weight restoration; on the other hand, increased 
cBDNF levels after weight restoration could be a (negative) 
marker for a higher risk of relapse.

Several confounders could influence serum BDNF over 
time. For example, the increase could be an effect of time, be-
cause BDNF is known to increase with age.47,48 However, we 
corrected cBDNF for age and included age in the mixed-model 
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Figure 2: Bivariate scatterplots of factors that significantly influenced cBDNF in the regression analysis. (A) Negative association between cBDNF 
and SIAB-EX at discharge. (B) Increased BMI-SDS from discharge to 1-year follow-up predicted cBDNF at 1-year follow-up. Spearman ρ correla-
tion, 2-tailed. *p < 0.05. BMI-SDS = body mass index standard deviation score (age-adapted BMI); cBDNF = brain-derived neurotrophic factor 
corrected for age, storage time and batch effect; SIAB-EX = Structured Interview for Anorexia and Bulimia Expert Interview. 
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analysis, where it was not significant, so an effect of time was 
not likely. Exercise also has a positive effect on BDNF excre-
tion in patients, healthy controls and animals.49–51 Theoret
ically, an increase in exercise over time in our previous pa-
tients could have influenced BDNF values. Because we did 
not include objective exercise measures, we could not rule 
out this effect.

We are aware that BDNF does not pass the blood–brain 
barrier because of its size,52,53 so peripheral BDNF levels do 
not directly influence synaptic plasticity during recovery. 
However, multiple studies have suggested a strong associa-
tion between BDNF levels in the blood and the brain (for ex-
ample, see Klein and colleagues54 and Cao and colleagues55); 
our hypotheses about BDNF in the brain and abnormal eat-
ing behaviour are based on these findings.

A possible underlying mechanism for rising BDNF 
levels could be abnormalities in estrogen-signalling path-
ways in anorexia. Sohrabji and colleagues56 reported that 
estrogen replacement in rats led to increasing BDNF ex-
pression in several brain regions. Wessels and colleagues57 
showed that treatment with estradiol in ovariectomized 
mice significantly increased BDNF in the mouse uterus, 
and Cui and colleagues58 showed behavioural disturbances 
in mice deficient in estrogen-related receptor α. Increasing 
blood levels of estrogen, provoking an aberrant brain re-
sponse during puberty, could be involved in anorexia ner-
vosa and explain why mainly young women are affected 
by anorexia nervosa.59

Another possible underlying mechanism for elevated 
BDNF levels is linked to leptin, which is strongly reduced in 
patients with anorexia nervosa.60 Li and colleagues61 sug-
gested that BDNF-expressing neurons were targets of leptin, 
and that leptin deficiency decreased BDNF gene expression. 
Milos and colleagues62 treated 3 female patients off-label 
with metreleptin and observed decreasing hyperactivity and 
decreasing weight phobia in 2 patients and improved mood  
in all 3 patients. Finally, antidepressant medication has been 
shown to increase reduced BDNF values in depressive pa-
tients, sometimes up to normalization.20 Because of the high 
comorbidity of depression and anorexia nervosa, anti
depressant use could have played an important role in our 
cohort, but it was not a significant covariate in the mixed 
model. We excluded all patients taking antidepressant or 
antipsychotic medications, repeated the analyses and had 
similar results, making it unlikely that antidepressants 
were confounders.23

Interestingly, patients with autism spectrum disorder also 
show increased levels of BDNF, as shown in 2 large meta-
analyses with more than 1200 and 1700 participants, respec-
tively.63,64 Because patients with anorexia nervosa are known 
to portray more autistic traits,65 a common developmental 
pathophysiologic mechanism in the brain could be at work. 
Many patients with autism also tend to be “picky eaters,”66 
and high-functioning (but not low-functioning) patients with 
autism are also known to weigh less and have a higher 
chance of being underweight,67–69 pointing to a possible 
eating-related effect of increased BDNF in autism and war-
ranting future investigation.

Because BDNF has pleiotropic functions that differ in vary-
ing tissues and states in patients with anorexia nervosa, any 
overlapping effects of the above-described (positive) initial 
repair mechanisms, altered effects on brain development and 
potentially negative endpoint effects on hunger suppression 
do not exclude each other. Truly increased levels of BDNF 
could predispose patients to future weight loss because of its 
hunger-suppressing properties, or even represent a predis-
posing factor (trait) for anorexia nervosa if increased BDNF is 
present before the illness.23,29

In our association analysis, we found that lower eating-
disorder psychopathology and higher weight gain were as-
sociated with higher cBDNF. This fit well with the literature, 
in which several studies have found BDNF correlations with 
BMI28,70–72 and illness markers such as Eating Attitude Test 
subscales,72 Eating Disorder Inventory subscales and the 
Global Severity Index.28 Nevertheless, we were surprised not 
to find more associations, given the power of this large lon-
gitudinal study. The pleiotropic, partly antagonistic func-
tions of BDNF and the multiple factors influencing them47 
could add too much unexplained variation to detect further 
determining factors.

For this reason, the solid finding of supranormal cBDNF at 
2.5-year follow-up must be valued even more highly. Future 
research is needed to analyze the causal underpinnings (for 
example, by longer-term animal experiments with follow-up 
after starvation) and discern the repair and scarring hypoth
eses. As well, serum BDNF levels in high-risk groups (such 
as healthy siblings of patients with anorexia nervosa or pre
adolescent offspring of former patients with anorexia ner-
vosa) could be compared with serum BDNF levels in healthy 
controls to identify whether increased BDNF might be a gen
etic trait. If corroborated, increased BDNF in groups at high 
risk for anorexia nervosa might have the potential to become 
a clinical marker of predisposition. Interestingly, Mercader 
and colleagues73 analyzed plasma BDNF and found signifi-
cantly increased levels in 21 patients with anorexia nervosa 
compared to their siblings. Unfortunately, they did not ana-
lyze BDNF in unrelated healthy controls.

Limitations

A limiting factor of the present study was substantial attrition: 
the number of participants who provided blood serum sam-
ples decreased over time. However, similar losses to follow-
up are common in longitudinal research.74 To ensure that we 
could still use data from all patients longitudinally, we con-
ducted an additional mixed-model analysis to include all 
available information at each point of measurement. We also 
compared patients who were lost to follow-up with those 
who had complete data. Patients who were lost to follow-up 
were slightly older and had a longer illness duration, a lower 
BMI-SDS and Morgan–Russell Outcome Assessment Sched-
ule score, but slightly higher BDNF and cBDNF values at ad-
mission (Appendix 1, Table S7). However, losing patients 
with higher initial BDNF values would be expected to lower 
the group mean, strengthening our finding of a continuous in-
crease and elevated cBDNF levels at 2.5-year follow-up in the 
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remaining participants. For logistical reasons, we had to ana-
lyze blood serum samples in 2 different ELISA runs at differ-
ent time points, and this introduced a risk of batch and stor-
age time effects. Indeed, we found a significant batch effect, 
but no effect of additional storage time; however, we cor-
rected all calculations for this confounding factor. Finally, we 
evaluated healthy controls at only 1 time point, so they could 
not be included in the mixed model. However, we were able 
to compare each time point separately after correcting for age.

Conclusion

To our knowledge, this is the largest and longest longitud
inal study of BDNF development in adolescent first-time pa-
tients with anorexia nervosa to date. It answers the impor-
tant question of whether BDNF normalizes or increases 
above values in healthy controls over time. We showed that 
cBDNF levels rose continuously in patients with anorexia 
nervosa over treatment and long-term follow-up, leading to 
significantly elevated cBDNF compared to healthy controls 
after 2.5 years. Furthermore, we found inverse associations 
between cBDNF and eating disorder psychopathology and 
positive correlations between cBDNF and previous weight 
gain. Supranormal BDNF 2.5 years after first-onset anorexia 
nervosa may have come from a reinstated pre-existing eleva-
tion (state) or the long-term consequences of the disease or 
rehabilitation period (scar). The anorectic effect of BDNF on 
hunger and food consumption could contribute to patho-
physiological models of the initial development of eating 
disorders and to the prevention of relapse. Further research 
should explore the underlying mechanisms and causality of 
our observations.
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