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Abstract
Background
Leptin, a hormone secreted by adipose tissue, appears to play a major role in the homeostasis of body weight and psychobiological processes associated with anorexia nervosa (AN).
However, there is scarce data on its exact influence on this disorder, in particular data over
time.

Objective
The present study addresses whether leptin changes during inpatient treatment play a role
for treatment outcome and psychological factors in underweight AN patients.
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Methods
In order to understand whether leptin’s role differs in relation to AN severity, data were
assessed from 11 patients with a very low BMI and a higher chronicity (high severity group;
HSS; mean BMI at the beginning of the study = 13.6; mean duration of illness = 5.1 years)
vs. nine with less severe symptoms (LSS; mean BMI = 16.2; mean duration of illness = 3.7
years). During the course of treatment, serum leptin concentrations were assessed weekly
while weight (BMI) was assessed twice per week. Concomitantly, psychological variables
were obtained by means of electronic diaries. Unconditional linear growth models were calculated to evaluate the temporal course of leptin in relation to BMI. For HSS patients, two
phases of treatment (BMI < 16 and BMI  16 kg/m2) were investigated.

Results
Leptin increased significantly with BMI in both groups of patients. For HSS patients,
the increase of leptin in the first treatment phase did not predict later increases in BMI.
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Furthermore, the relationship of leptin and psychological factors was modulated by symptom severity. In HSS patients, higher leptin levels were associated with greater feelings of
depression, anxiety, and stress whereas in LSS patients a higher leptin level showed the
trend to be associated with lower psychological symptom burden.
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Conclusions
Our results suggest that leptin changes are differently associated with weight gain and psychological symptoms depending on the severity of starvation.

Introduction
Anorexia nervosa (AN) is an eating disorder characterized by excessive dieting and concomitant extreme weight loss; it also includes a distorted perception of one’s own body and a distinctive fear of gaining weight. In AN, endocrine disturbances such as hyperactivity of the
hypothalamus-pituitary-adrenal (HPA) axis and hypoactivity of the hypothalamus-pituitarygonadal axis are well-known in AN. Besides alterations of central hormone systems, changes
in peripheral peptides increasingly attract notice. In regard to this, peptides involved in the
regulation of food intake and energy homeostasis are of particular interest.
Leptin is secreted by adipocytes and serves as a long-term satiety signal that indicates the
amount of fat stored in adipose tissue. It exerts anorexigenic effects by modulating several
hypothalamic neuropeptides [1]. Specifically, leptin inhibits the liberation of pro-opiomelanocortin and stimulates the release of agouti-related protein and neuropeptide Y within the arcuate nucleus. These neuropeptides exert effects on other hypothalamic areas such as the lateral
hypothalamus and the paraventricular nucleus which in turn project to the nucleus of the solitary tract. Apart from this indirect path, leptin also directly reaches the nucleus of the solitary
tract to amplify the short-term satiety signals from the gastrointestinal tract that are processed
there [1]. In addition to its crucial role in the regulation of food intake, leptin is also involved
in other physiological functions such as hematopoiesis and bone metabolism, as well as neuronal function and cognition [2, 3]. Furthermore, recent research has underlined the concept
that leptin has multiple regulatory roles in the immune system [4–7].
Together with the low body weight, lower serum levels of leptin have repeatedly been found
in AN patients when compared to controls (reviewed in [8, 9,10]). Several longitudinal studies
assessed leptin levels during refeeding or weight recovery. The majority of these studies report
an increase in leptin levels as body weight rises [11, 12, 13]. However, in two studies with more
frequent (i.e., biweekly) measurements of leptin levels in adolescents with AN it was observed
that during weight regain leptin reached peak levels higher than the reference range [14, 15]. It
is still a matter of debate if such relative hyperleptinemia is a risk factor for problems in reaching or maintaining the target weight [8, 16–18].
In conclusion, two recent reviews have summarized that the role of leptin during weight
recovery in AN should be explored further [9, 19]. Therefore, the main aim of the present study
is to clarify the role and associations of leptin in patients with AN. Specifically, we have investigated the association between increases in leptin and BMI stratified by symptom severity as well
as the relationship between changes in leptin and psychological symptoms during weight recovery in inpatient treatment. A basic assumption of our approach is that two important prerequisites need to be fulfilled to achieve a clarification of the role of leptin during inpatient treatment:
(1) Leptin measurements should be taken repeatedly over time; (2) the association between leptin and further variables should be separately investigated for patients with a very low BMI and
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a high symptom severity (HSS) and patients with a lower symptom severity (LSS). This distinction is important as recent studies have shown that in AN patients with HSS endocrine and
emotional responses are different when compared to patients with LSS [20, 21].
Regarding psychological symptoms of AN patients, it has been hypothesized that leptin
may be associated with the psychopathology of this disorder [22]. The general so-called leptin
hypothesis of depression states that leptin insufficiency and leptin resistance both may contribute to the vulnerability for depression, and that leptin thus may represent the biological link
between obesity and mood disorders [23]. In the context of AN, the relationship of leptin and
depressive symptoms has rarely been investigated. Based on the clinical observation that during refeeding body weight (and thus leptin) increases while simultaneously mood ameliorates
Hebebrand et al. [24] hypothesized that leptin may mediate mood improvements in AN
patients. To our knowledge, there is only one study that empirically investigated changes in
leptin and depressive symptoms concomitantly. In contrast to the proposal of Hebebrand et al.
[24], Rybakowski et al. [22] observed an inverse relationship of the rise in leptin and the amelioration of depressive symptoms in a longitudinal study in AN patients during weight recovery. However, in this study mood and leptin were assessed only twice–once at admission and
again at discharge. Thus, the more frequent assessment of leptin levels and depressive mood
during weight recovery may help to resolve this controversy.

Objectives of the present study
The current study served two major aims–(1) to elucidate additional details about the course of
leptin during inpatient treatment and weight recovery by differentiating between patients with
HSS and LSS; (2) to determine the relationship of leptin with depressive mood and other psychopathological features in AN patients during inpatient treatment and weight recovery. To this end,
leptin levels were tracked both at closely spaced time intervals (i.e., once a week) and over a longer
period of time (i.e., during the entire course of inpatient treatment). Concomitantly with hormonal measurements, electronic diaries were used to additionally assess psychological variables.

Methods and materials
Design
The study adopted a longitudinal design. After providing a detailed description of the study to
the participants, written informed consent was obtained during the first week of inpatient stay.
In total, 28 AN patients were enrolled. Please note that a subgroup of these patients were subjects in previous investigations of the cortisol awakening response in AN patients [20] and of
the time series of awakening cortisol [25].
At the beginning of the study, the Structured Clinical Interview for DSM-IV (SCID) was
conducted. During the course of the inpatient stay, serum leptin concentrations were assessed
once per week while weight (BMI) was assessed twice per week (see Table 1 for the average
number of measurements). On the same day as leptin measurements were taken, patients
answered questions on a handheld computer (at 1:00 pm) to assess a retrospective evaluation
of the intensity of psychological symptoms in the course of the morning. The study was approved by the medical ethics committee of the University Hospital, Heidelberg.

Participants
All participants were female AN inpatients meeting the DSM-IV criteria, over 18 years
old with a BMI > 11 kg/m2 and sufficient physical and mental health to participate. Of 28
recruited patients, the data of 20 patients could eventually be included in the longitudinal
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Table 1. Characteristics of the analyzed sample

age (years)

mean (SD)

duration of illness (years)

HSS

LSS

Control Group

n = 11

n=9

n = 25

23.4 (3.8)

23.9 (4.0)

28.3 (5.5)

range

(19–30)

(18–32)

(20.6–46.6)

mean (SD)

5.1 (5.7)

3.7 (3.2)

—

(1–17)

(1–10)

range
subtype AN-R

n (%)

10 (90.9)

7 (77.8)

—

BMI: first measurement (kg/m2)

mean (SD)

13.6 (1.3)

16.2 (0.9)

21.2 (1.8)

(11.8–15.7)

(14.4–17.5)

(18.0–25.0)

17.0 (1.7)

17.1 (0.7)

—

range
BMI: last measurement (kg/m2)

mean (SD)
range

leptin: first measurement (μg/l)
leptin: last measurement (μg/l)

(14.5–19.0)

(16.0–18.4)

mean (SD)

0.69 (0.8)

2.02 (3.0)

8.9 (5.5)

range

(0.1–3.0)

(0.1–9.7)

(1.6–22.2)
—

mean (SD)
range

duration of inpatient treatment (days)

mean (SD)
range

duration of participation (days)

mean (SD)

number of serum measurements

3.1 (1.5)
(0.8–5.9)

128.9 (63.9)

68.2 (14.8)

(52–231)

(42–84)

114.8 (59.8)

64.8 (12.7)

range

(39–223)

(39–83)

mean (SD)

15.7 (8.4)

9.8 (1.9)

(5–31)

(6–12)

range
Mental health comorbiditiesa (at enrolment)

5.4 (5.9)
(0.8–15.4)

—
—
—

n(%)

major depression (current)

4 (36.4)

6 (66.7)

0

minor depression (current)

1 (9.1)

1 (11.1)

0

panic disorder (current)

1 (9.1)

3 (33.3)

0

generalized anxiety (current)

1 (9.1)

0

0

social phobia (current)

2 (18.2)

0

0

0

1 (11.1)

0

Obsessive compulsive (current)

HSS = patient group with high symptom severity; LSS = patient group with less severe symptoms; AN-R: restrictive subtype; SD = standard deviation
a

diagnoses based on the Structured Clinical Interview for DSM-IV
Note: Out of N = 28 AN patients enrolled in the study, only N = 20 could finally be included in the data analysis (for reasons described in the text). Only the
participants finally analyzed are described in this table.
doi:10.1371/journal.pone.0166843.t001

analysis. Of the eight excluded patients, serum assessment was not possible for two of the
patients for physical reasons while six patients dropped out of study participation. Subjects
who passively or actively refused participation did not differ significantly from those patients
included in data analysis with respect to age (mean age of the participants: 23.6 years; non-participants: 21.6 years; p = 0.34) or BMI at the beginning of the study (mean BMI of the participants: 14.8; non-participants: 14.1; p = 0.38; unpaired t-test, two-tailed).
The 20 included AN patients were admitted to two different wards. An essential part of the
inpatient treatment was weight recovery. Patients were held responsible for gaining weight
according to a self-imposed contract. For discharge, an optimal BMI of 18.5 was targeted; however, this aim was frequently not attained. Eleven patients were recruited from an integrated
psychosomatic and internal medicine ward (a group with high symptom severity, HSS). This
ward–specialized in the treatment of AN patients with a very low BMI and a longer illness
duration–provided an intensive therapeutic schedule within a protected environment (e.g.
supervised meal intake, weight management). The remaining nine patients were recruited

PLOS ONE | DOI:10.1371/journal.pone.0166843 December 28, 2016

4 / 14

Time Course of Leptin in Anorexia Nervosa

from a psychotherapeutic ward (a group with less severe symptoms, LSS) that provided a multimodal psychodynamic-oriented treatment. According to actual BMI, the patients were held
responsible to, at the very least, maintain or gain weight according to a self-imposed contract.
Admission to the two different wards was determined by the severity and chronicity of the
illness. Patients with a low BMI, medically endangered patients, and patients with either a
chronic course of the disorder or frequent relapses were admitted to the HSS ward. The characteristics of the analyzed sample (N = 20) are described in Table 1.
Twenty-five healthy women served as control group for the comparison of leptin levels
with patients. These participants were recruited via advertisements within the context of
another study. They underwent the SCID to exclude diagnoses of mental disorders. All participants were required to have a BMI between 18 kg/m2 and 25 kg/m2 and to be 18 years or
older. Furthermore, participants currently dieting or experiencing significant weight fluctuations in the past 6 months were excluded. All participants provided written informed consent.

Biochemical analyses
In AN patients, blood samples were taken in the course of the morning (between 10 and 12 a.
m.). Blood samples of controls were taken at 11 a.m. after a standardized breakfast at 9:30 a.m.
Once the blood was centrifuged under cold conditions, the serum was separated and stored at
—80˚C. Leptin was measured using a commercial kit based on a sandwich ELISA assay from
Beckman Coulter (Sinsheim, Germany) with a detection limit of 0.2 ng/ml.

Electronic diary measurements of psychological aspects
After enrolment, the patients received an electronic diary and training on how to use it [26].
Throughout the course of her inpatient treatment, the patient completed the diary on a daily
basis before going to sleep. An alarm signal was used to remind her to complete the data assessment. The items were rated on a visual analogue scale (VAS) with bipolar labels. The marked
points were converted by the computer program to a numeric scale, from 0 to 100, visible to
the patient while completing the questionnaire. Handheld computers of type ARCHOS 5
Internet Tablet were used as electronic diaries. The “Octopus Mobile Survey Tool” was used as
software for the mobile computers.
In the diary, questions assessing the degree of depression, anxiety, stress, pro-anorectic
beliefs, and eating concerns were implemented. The items were adapted from psychometric
questionnaires. Depression and anxiety were assessed by items taken from the Patient Health
Questionnaire (PHQ-4) [27]. The intensity of pro-anorectic beliefs was obtained by an item
taken from the Pros and Cons of Anorexia Nervosa scale (P-CAN) [28]. Regarding the assessment of eating concerns, an AN core symptom assumed to be particularly relevant to the
course of inpatient treatment, two items taken from the Eating Disorder Examination Questionnaire (EDE-Q) [29, 30] assessed preoccupation with food and fear of losing control over
eating. The particular items were chosen according to their psychometric properties. Regarding the assessment of stress the patients were asked to directly rate their stress level in the
course of the morning. The diary items and details on item selection are provided in Table 2.

Data analysis
Data analysis was conducted using SAS 9.41 (SAS Institute Inc., Cary, NC, USA). Logarithmic (log10) transformation was performed for leptin. Independent t-tests were used for group
comparisons. The PROC MIXED procedure was used to fit individual growth models (i.e.,
multilevel models) for log10 leptin dependent on BMI increase and BMI trends over time. By
calculating unconditional linear growth models, we obtained estimates of the average slope
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Table 2. Items assessing psychological aspects implemented in the electronic diary

depression

item

scale

“Over the last few hours, I have been feeling down, depressed, or hopeless”

PHQ-4
subscale “depression” (rit =
0.71)

anxiety

“Over the last hours I have been feeling nervous, anxious, or on edge.”

PHQ-4
subscale “anxiety” (rit =
0.63)

stress

“How would you rate your stress level this morning?”

a

pro-anorectic beliefs

“Over the last few hours, my anorexia has been making me feel secure.”

P-CAN
subscale “safe/secured”
(FL = 0.78)

preoccoupation with
food
fear of losing control

“Over the last few hours, thinking about

EDE-Q

food, eating or calories has been making it very difficult to concentrate on things I am interested in
(for example: working, following a conversation, or reading).”

subscale “eating concern”
(rit = 0.77)

“Over the last few hours, I have been experiencing a definite fear of losing control over eating

EDE-Q
subscale “eating concern”
(rit = 0.77)

In representing the variable of interest (rit: item-to-total correlations; FL: factor loadings), items were chosen according to their psychometric properties.
Additionally, we took into consideration which items would be clinically most adequate for daily assessment.
PHQ-4: Patient Health Questionnaire-4 (Löwe et al., 2010).
P-CAN: Pros and Cons of Anorexia Nervosa (P-CAN) scale (Serpell et al., 2004).
EDE-Q: Eating Disorders Examination Questionnaire (Fairburn and Beglin, 1994; Hilbert et al., 2007).
a

Item not taken from a questionnaire.

doi:10.1371/journal.pone.0166843.t002

(i.e., linear time trend) for the entire sample of participants. The slope is the rate of change in a
regression line. For example, when running a regression analysis with BMI as predictor and
leptin as dependent variable, the slope is the mean amount of change in leptin-values when
BMI increases by one unit. Thus, a positive slope would reflect an increase in leptin, while a
negative slope would reflect a decrease in leptin when BMI increases. An individual growth
model estimates the average intercept and slope of a regression line, including all participants.
However, as each participant has repeated measurements in all variables, the model estimates
an individual regression line for each participant and then calculates average parameters for
the whole sample. It thus allows intercepts as well as slopes to vary across individuals [31].
Concerning the relationships between time trends in leptin and BMI as well as log10 leptin
and psychological processes, Pearson correlations were calculated.
For HSS patients, analysis was conducted separately for the two phases of inpatient treatment. These phases were chosen according to the DSM-V specification of AN severity—during
Phase I the severity of the patients was considered as “severe” or even “extreme” (BMI < 16),
while during Phase II the severity ranged from “moderate” to “mild” (BMI  16). For LSS
patients, data were analyzed for Phase II only (due to their BMI range).

Results
Comparison of leptin levels between patients and controls
At the start of the study, mean leptin levels of patients were significantly lower than mean levels
of controls (8.9 ± 5.5 μg/L; control group versus HSS: t(34) = 9.5; p < .001; control group versus
LSS: t(32) = 5.6; p < .001). This was still the case at the end of treatment (control group versus
HSS: t(11.8) = 2.3; p = .043; control group versus LSS: t(32) = 3.7; p = .001). Mean BMI was
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Table 3. Significant linear time trends of longitudinal regressions during inpatient treatment
treatment phase

number of patients

Model 1

measurements per patient

Model 2

measurement per patient

BMI = time

mean (SD)

Leptin = BMI

mean (SD)

slope
HSS
LSS

p-value

slope

p-value

I: BMI<16

11

+0.12

< .0001

19.55 (15.10)

+0.32

0.0543

9.91 (7.41)

II: BMI16

9

+0.10

< .0001

13.44 (11.08)

+1.63

0.0002

7.11 (5.53)

II: BMI16

9

+0.05

0.0038

16.44 (5.41)

+1.93

0.0036

8.00 (2.18)

HSS = patient group with high symptom severity; LSS = patient group with less severe symptoms
Treatment phases were chosen according to the DSM-V specification of AN severity (see details in text).
Model 1 / Model 2 specify the longitudinal regression model.
Significant slopes are printed in bold, trend-level significant slopes in italic.
doi:10.1371/journal.pone.0166843.t003

higher in controls (21.2 ± 1.8 kg/m2) compared to both patient groups at both measurement
points (all p < .001). The respective descriptive statistics for patients are provided in Table 1.

Change in leptin during inpatient treatment
Table 3 displays linear time trends in BMI (Model 1) and the change in leptin dependent on
BMI (Model 2) during inpatient treatment.
As can be seen in Table 3, all slopes were positive and highly significant, except for the slope
of leptin against BMI in HSS patients during the first treatment phase which reached only
trend-level significance. In HSS patients, BMI increased more strongly during the first treatment phase as compared to the second treatment phase. In line with the treatment foci of the
two different wards, in LSS patients only small BMI increases were observed. Along with BMI,
leptin increased in both groups during treatment, with a more pronounced increase when the
BMI was  16 kg/m2 (see also Fig 1).

Relationship of leptin and weight gain
For the HSS group, we also investigated whether the increase in leptin during the first treatment phase influenced weight gain during the second treatment phase. However, the partial

Fig 1. Average leptin serum concentrations (mean values) plotted against the BMI status of HSS and LSS
patients (in increasing order). HSS = patient group with high symptom severity; LSS = patient group with less
severe symptoms. Leptin was measured in μg/ l. Standard deviations (sd) are plotted in grey, number of
measurements are plotted as black dots. Note that statistical analyses in the LSS group were performed starting
with BMI = 16 kg/m2.
doi:10.1371/journal.pone.0166843.g001
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Pearson correlations (controlled for age) between the time trend of leptin in the first treatment
phase with the increase in BMI during the second treatment phase (p = 0.35) as well as with
the total increase in BMI (p = 0.28) were not significant. Further, the partial Pearson correlation (controlled for age) between individual peak levels of leptin and total BMI increase during
treatment was remarkably high (r = 0.86; p = 0.0015).

Relationship of leptin and psychological variables during inpatient
treatment
Correlations of leptin and psychological variables are provided in Table 4. As can be seen,
treatment phase and severity of illness appear to have an influence on the association between
leptin and psychological symptoms. During the first treatment phase leptin levels were significantly positively related to the subjective ratings of depression, anxiety, and stress in HSS
patients. Similar relationships were observed for the two items measuring AN-specific eating
concerns, i.e., preoccupation with food and fear of losing control over eating behavior. Interestingly, no such associations were found in the second treatment phase. In contrast, negative
associations of leptin and subjective ratings of depression, anxiety, and stress were observed in
LSS patients. It should be noted, however, that these correlation coefficients reached trendlevel significance only. In summary, the relationship of leptin and psychological variables measuring depressed and anxious mood appears to change its direction depending on illness severity and treatment phase.

Discussion
To our knowledge, this is the first study to investigate the time course of leptin during inpatient treatment and weight recovery by means of closely-spaced serum assessments over the
complete period of inpatient treatment in AN patients with different levels of symptom severity. In summary, the longitudinal analysis revealed that the increase in BMI was associated
with an increase in leptin in HSS as well as LSS patients. The main finding was that there was
only a weak association with a smaller slope between BMI and leptin for weight gain below a
BMI of about 15–16 kg/m2. Above a BMI of 16 kg/m2 weight recovery in LSS and HSS showed
the expected close and strong association between BMI and leptin.
Furthermore, in HSS patients, the increase in leptin in the first treatment phase was not
associated with weight gain in the second treatment phase but the correlation between individual peak levels of leptin and total BMI increase during treatment was very high. Furthermore,
our findings suggest that the relationship of leptin and psychological factors could be modulated by the severity of the illness.
As expected leptin levels at the beginning of the study were considerably lower in underweight AN patients compared to healthy controls. During treatment, the increase in BMI was
associated with an increase in leptin in both patient groups. However, at the end of treatment,
leptin levels were still lower in patients, probably because their BMI was also still significantly
lower than controls‘at this point in time. This finding is consistent with previous reports that
assessed leptin less frequently [11, 12, 13, 32]. However, our longitudinal approach allows further specifications. We observed that for HSS patients the increase in leptin was more pronounced in the second treatment phase than in the first treatment phase. The first treatment
phase is mainly characterized by refeeding, which is also reflected in the marked increase of
BMI during this period. It may be hypothesized that the weaker increase of leptin during this
phase may be due to an adaptive response to starvation [33].
Based on early observations that leptin levels can reach disproportionally high levels during
weight recovery [14, 15], and that high leptin levels at discharge were predictive for later
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II: BMI  16
9

11

I: BMI < 16

II: BMI  16

number of
patients

treatment
phase
r

-0.24

-0.01

0.25

0.0555

0.9388

0.0119

p-value

depression

R

-0.22

0.01

0.35

0.0806

0.9245

0.0004

p-value

R

-0.22

-0.03

0.31

0.0830

0.8349

0.0015

p-value

stress

R

-0.09

-0.02

0.04

0.4748

0.8678

0.7040

p-value

pro-anorectic
beliefs

doi:10.1371/journal.pone.0166843.t004

Significant slopes are printed in bold, trend-level significant slopes in italic.

-0.15

0.19

0.32

R

0.2513

0.1360

0.0014

p-value

eating
concernpreoccupation
with food

Partial Pearson correlations (controlled for BMI) of log10 leptin with the following factors
anxiety

HSS = patient group with high symptom severity; LSS = patient group with less severe symptoms; r = Pearson’s correlation coefficient

LSS

HSS

sample

Table 4. Partial Pearson correlations (controlled for BMI) between log10 leptin and psychological processes during inpatient treatment

-0.04

-0.14

0.18

R

0.7352

0.7352

0.0675

p-value

fear of losing control
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relapse [34], it has been hypothesized that a too rapid increase in leptin may inhibit further
weight gain [8]. Other studies, however, found no evidence for an inhibiting effect of leptin
during weight recovery [35–37]. Similarly, our data did not reveal any evidence in favour of
this hypothesis. In this study, the increase in leptin in the first treatment phase was not related
to later increases in BMI. Interestingly, individual peak leptin levels were strongly positively
correlated with increases in BMI over the course of inpatient treatment. Here, we could tentatively infer that a higher variability in leptin levels in HSS AN patients could be associated with
a more significant weight gain. However, this is a new hypothesis which should be evaluated in
further studies.
Regarding the association between leptin levels and psychological self-assessment of the
patients, we found that the correlation coefficients between current leptin levels and items
assessing depression, anxiety, and stress were negative (trend-level significant) in LSS patients,
whereas the opposite pattern was observed in HSS patients during the first treatment phase.
Negative associations of leptin and depression as well as anxiety have been reported outside
the context of AN. Animal studies provide strong evidence for antidepressant and anxiolytic
effects of leptin [23, 38, 39]. Of note, Lawson et al. [40] found a negative association of leptin
levels and depression, anxiety, and perceived stress in humans across a wide spectrum of body
weight; besides normal-weight and overweight persons their sample also included AN patients
with a mean BMI of 18.3 ± 0.3 kg/m2. Thus, the negative correlations of leptin and concomitant
depressive mood, anxiety, and stress found in LSS patients who had a mean BMI of 16.2 ± 0.9
kg/m2 before treatment are well in line with this study. Leptin´s effects on the mesolimbic reward system, and its interactions with the serotonergic system as well as with the HPA axis (see
for example the reviews by [19, 23, 41]) may underlie these negative correlations.
In contrast, in HSS patients the correlation coefficients showed the opposite direction during the first treatment phase when patients had a BMI < 16 kg/m2. Similarly, a positive association of leptin and AN-specific psychopathology (i.e., eating concerns) was observed in HSS
patients during the first treatment phase. Interestingly, a recent study by Ruscica et al. [42] also
found positive correlations of leptin and eating disorder symptoms in an AN sample with a
median BMI of 13.7 kg/m2. The only previous pre-post study that assessed leptin and depression simultaneously in AN patients found that higher increases in leptin from the time of
admission to the time of discharge were associated with less improvements in clinician-rated
depression scores [22]. The AN sample of Rybakowski et al. [22] had a mean BMI of 14.45 ±
0.90 kg/m2 at the beginning of the study. Thus, this result fits to the positive correlation of leptin and depression ratings observed for HSS patients in our study.
Taken together, our findings of negative as well as positive associations of leptin and psychological symptoms are in line with reports in the literature. Our results present correlations
only and we therefore cannot infer causative associations. However, the question remains:
How can the divergent directions of correlations obtained in this study that depend on AN
severity be explained? It is tempting to speculate whether or not alterations of abilities that regulate emotions could be responsible for the inverse association observed in HSS patients as
compared to LSS patients. It is well known that AN patients have difficulties recognizing and
regulating their emotions [43, 44]. It has been proposed that AN behaviour actually serves as
an emotion regulation strategy, alleviating mood by numbing negative feelings in the short
run, but leading to starvation-induced mood deteriorations in the long run, thus creating a
vicious cycle [21, 45, 46]. Therefore, severely ill AN patients may be emotionally numb before
starting treatment, and leptin may possibly enable these patients to recognize their (negative)
emotional state. Such a mechanism would explain the observed negative correlation of leptin
in relation to depression, anxiety, and stress in HSS patients during the first treatment phase.
Although leptin has not yet been investigated in the context of emotion recognition, there is
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some indirect evidence that could suggest a potential moderating role of this adipokine in
emotion processing. Leptin receptors are found at extra-hypothalamic sites such as the limbic
system [38, 47], i.e., brain areas that are involved in emotion recognition [48], and leptin
appears to enhance cognitive functioning and neuroplasticity [2, 49]. However, our study cannot infer whether or not leptin moderates or mediates specific associations between emotions
and cognitive functions in AN patients. Clearly, more research is needed to confirm a hypothesis regarding a moderating or mediating role of leptin.
Recently, a strong claim for the initiation of clinical trials of leptin treatment in AN patients
has been made [24]. Our results add a caveat to this suggestion; even if leptin may be a helpful
pharmaceutical in less severely ill AN patients—and possibly also alleviate depressed mood in
these patients—leptin administration could have detrimental effects on mood and anxiety in
those AN patients who are severely ill and emaciated. Consequently, it seems necessary to consider initial BMI levels and symptom severity before initiating the treatment of anorexia with
leptin, and to closely monitor psychic factors during such a treatment.

Limitations
Our study has some limitations. First, only serum levels of total leptin were assessed. Nevertheless, it is possible that during treatment the density and/or sensitivity of leptin receptors may
also change. It may therefore be helpful to distinguish between free and bound leptin [42] in
future studies, and to include measures of leptin transmembrane receptor binding to get a
more complete picture of leptin actions during AN treatment. Furthermore, our sample size
could be considered rather small. On the other hand, however, the number of measurement
points was very high, thereby enabling the close tracking of individual leptin levels and the reliable estimation of trends over time.

Conclusion
In the current study serum levels of leptin and concomitant psychological variables were
assessed weekly in two groups of anorectic patients across a broad BMI spectrum during inpatient treatment and weight recovery. Results underline the validity of leptin as a possible biomarker for weight gain during inpatient treatment of AN. Furthermore, our findings suggest
that leptin changes are differently associated with weight gain and psychological symptoms
such as depression, anxiety, and perceived stress depending on the severity of starvation. Further research is required to establish the mechanisms behind this observation.
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