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A B S T R A C T

It has been hypothesized that leptin level alterations in Eating Disorders (EDs) represent a maintaining factor for
pathological reward-related ED behaviors, given leptin role in the dopaminergic reward systems. The aim of the
present study was to evaluate the role of leptin in EDs as a mediator for the relationship between Body Mass
Index (BMI) and several pathological behaviors, such as dietary restraint, compensatory exercise, vomiting,
binge eating and emotional eating. Sixty-two patients with EDs and 41 healthy controls (HC) had their blood
drawn and completed psychometric tests for the evaluation of general psychopathology, ED psychopathology
and emotional eating. Moderated linear regression models showed that, in the presence of high levels of ED
psychopathology, leptin levels were negatively associated with dietary restraint and compensatory exercise, and
positively with emotional eating and binge eating. Finally, leptin showed an indirect effect on the association
between BMI and all these reward-related behaviors. These results suggest that a variation of BMI maintains
these pathological ED behaviors through a variation in leptin levels. Considering the role of leptin in reward
circuits, the results seem to confirm an aberrant food-related reward mechanism in ED patients.

1. Introduction

Eating Disorders (EDs) are complex psychiatric disorders char-
acterized by a common psychopathological core represented by an
excessive importance attributed to body shape and weight
(American Psychiatric Association, 2013). The development and
maintenance of these disorders involve sociocultural, psychological and
biological factors (Striegel-Moore and Cachelin, 2001). In particular,
alterations of brain reward mechanisms seem to have a role in main-
taining EDs (Monteleone et al., 2018; Monteleone and Maj, 2013). In-
deed, pathological eating behaviors such as dietary restraint, compen-
satory physical activity, emotional eating, binge eating and self-induced
vomiting have been linked to reward in these patients (Meye and
Adan, 2014; Monteleone et al., 2018; Monteleone and Maj, 2013;
Pearson et al., 2015). Dopaminergic dysfunctions in these patients
could be induced by malnutrition, both in terms of underweight and
overweight, because of the imbalance of molecules that regulate hunger

and satiety. These do not only have a homeostatic role in appetite
regulation, but also act in brain areas that are involved in the hedonic
regulation of food intake (Monteleone and Maj, 2013). Among these
substances, one of the most studied is leptin, an adipokine produced by
adipocytes whose circulating levels positively correlate with adipose
tissue size (Brennan and Mantzoros, 2006) and Body Mass Index (BMI)
(Monti et al., 2006). Leptin levels have been described to be reduced in
Anorexia Nervosa (AN) (Hebebrand et al., 1997; Karageorgiou et al.,
2019) and increased in Binge-Eating Disorder (BED) (Monteleone et al.,
2000b), with conflicting results in Bulimia Nervosa (BN) (Ferron et al.,
1997; Jimerson et al., 2000; Monteleone et al., 2000b). The main
function of leptin is informing the central nervous system on the
amount of energy stores, thus regulating energy balance by inducing a
sensation of satiety through the stimulation of the arcuate nucleus of
the hypothalamus (Brennan and Mantzoros, 2006). Moreover, it has
been demonstrated that leptin, other than having the aforementioned
homeostatic function, is also involved in the suppression of food-related
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reward via its action on Ventral Tegmental Area (VTA)
(Leinninger et al., 2009). Thus, it has been argued that leptin level
modifications in EDs are not just a consequence of malnutrition, but
they also represent a mechanism of maintenance of pathological re-
ward-related eating behaviors (Monteleone and Maj, 2013).

This hypothesis is supported by clinical and experimental studies.
Von Prittwitz et al. (1997) demonstrated, in a population of under-
weight girls, a correlation between low leptin levels and restrained
eating, independently from body fat mass. Moreover, it has been de-
monstrated that low leptin levels resulted associated with excessive
physical activity, both in patients with AN (Holtkamp et al., 2006) and
in animal models (de Rijke et al., 2005). In the latter, the administration
of leptin in the VTA inhibited this behavior (Verhagen et al., 2011).
With regard to binge eating and self-induced vomiting, a negative
correlation with leptin levels was reported by Monteleone in a sample
of patients affected by BN (Monteleone, 2002), whereas Jimerson et al.
(2000) confirmed the negative relationship with binge episodes, but did
not find any significant correlation with the frequency of self-induced
vomiting. On the contrary, studies performed in patients affected by
BED reported a positive relationship between leptin levels and binge
episodes (Adami et al., 2002; Miller et al., 2014; Monteleone et al.,
2000b). Finally, Michels et al. (2017) reported that leptin positively
moderated the relationship between stress and emotional eating in a
female children population. The available studies, however, showed
some limitations, such as being based on non-clinical or mixed popu-
lations (Michels et al., 2017; von Prittwitz et al., 1997), considering
children cohorts (Michels et al., 2017), or reporting conflicting results
(Adami et al., 2002; Jimerson et al., 2000; Monteleone, 2002;
Monteleone et al., 2000b). To the best of our knowledge, leptin has
never been included in an explanatory model of maintenance of EDs in
a population of patients with AN, BN and BED, evaluating its role as a
mediator in the relationship between malnutrition and psychopatho-
logical and behavioral correlates of EDs. Considering the inhibitory role
of leptin on dopaminergic circuits, we hypothesized that low leptin
levels in ED patients could maintain pathological reward-related eating
behaviors associated with low body weight, including food restriction,
compensatory exercise, and self-induced vomiting. Additionally, given
that a reduced dopaminergic tone has been implicated in the main-
tenance of addictions and craving (Volkow et al., 2011), we suggest that
high leptin levels could maintain pathological eating behaviors related
to an elevated BMI, such as binge eating and emotional eating, which
have been linked to addictions and craving (Leslie et al., 2018;
Penaforte et al., 2019).

On the basis of the above considerations, the aims of the present
study were as follows: (1) to evaluate the relationship between leptin
and psychopathological correlates of EDs in a clinical setting of patients
with AN, BN and BED; (2) to elucidate the role of leptin levels in the
maintenance of EDs, integrating it as a mediator of the relationship
between BMI and specific reward-related behaviors, including dietary
restraint, compensatory exercise, self-induced vomiting, objective binge
eating and emotional eating.

2. Methods

A cross-sectional observational study was conducted at the Day
Hospital service of the Psychiatric Unit of the University of Florence,
Italy. Patients were referred by their general practitioner or other
clinicians. All diagnostic procedures were performed in the context of
the routine initial evaluation.

2.1. Ethical statement

Patients were adequately informed about the study and signed a
consent form. The study protocol was approved by the ethics committee
of the local Institution (Ethical Committee Area Vasta Centro, reference
number OSS.14.162).

2.2. Participants

Patients were enrolled between November 2017 and May 2019,
provided they met the following inclusion criteria: female sex, age be-
tween 18 and 60 years, current diagnosis of AN, BN or BED according to
DSM-5 criteria (American Psychiatric Association, 2013). Exclusion
criteria were as follows: comorbid schizophrenia, bipolar I disorder,
acute psychotic disorder, illiteracy, intellectual disability, severe med-
ical comorbidities, such as severe heart/renal/liver diseases, current
use of psychoactive medications, with the exception of antidepressants
(ADs) and benzodiazepines. Of the 74 ED patients referred, 5 subjects
declined to participate and 7 were excluded (1 bipolar disorder, 3 se-
vere medical conditions, 3 use of antipsychotic or mood stabilizers).

Healthy controls (HC) were recruited by means of local advertise-
ments among students of this University, provided they met the fol-
lowing inclusion criteria: female sex, age between 18 and 60, absence of
any mental disorder as assessed by a clinical evaluation and BMI be-
tween 18.5 and 25.0 kg/m2.

2.3. Assessment and measures

During the initial evaluation, which was performed by two expert
psychiatrists (G.C. and V.R.), sociodemographic, pharmacological and
clinical data were collected through a face-to-face interview, along with
information on the frequency of binge-eating episodes, compensatory
exercise and self-induced vomiting in the previous month. Standard
calibrated instruments were used in order to collect anthropometric
measurements (weight and height). The BMI was calculated with the
following formula: body weight in kilograms divided by height in me-
ters squared. Serum blood samples were drawn at 8:00 A.M. after a
night of fasting. Both patients and HCs followed the same study pro-
cedures.

Serum leptin was measured with Huma Leptin SimpleStep ELISA®
(Enzyme-Linked Immunosorbent Assay) kit (Abcam, Cambridge, UK),
in accordance with manufacturer's instructions.

In order to evaluate general and specific ED psychopathology the
following questionnaires were administered to all participants:

2.3.1. Symptom Checklist-90 revised (SCL-90-R)
A self-report questionnaire that evaluates general psychopathology

through 90 items, with a score from “not at all” (0) to “extremely” (4)
(Derogatis et al., 1973). It provides a global severity index (GSI), which
is the average of the scores reported in all the items.

2.3.2. Eating Disorder Examination Questionnaire version 6.0 (EDE-Q 6.0)
A self-administered questionnaire that assesses the behavioral and

cognitive features of EDs (Fairburn, 2008). The respective subscales are
obtained from the average of specific items related to restraint, eating
concern, weight concern and shape concern A total score can be cal-
culated by averaging the scores of the four subscales.

2.3.3. Emotional Eating Scale (EES)
A 25-item questionnaire that assesses the urge to eat resulting from

specific moods or negative emotions, ranging between 0 (no desire to
eat) and 4 (very strong desire to eat) (Arnow et al., 1995). Its 3 sub-
scales evaluate the desire to eat in relation to emotions belonging to the
domains of anger, anxiety, and depression. The total score is obtained
from the sum of all the items.

2.4. Statistical analyses

Continuous variables were reported as mean± standard deviation
(SD). Univariate comparisons between groups were performed by
means of independent samples t-tests or Analysis of Variance (ANOVA)
with Tukey post-hoc analysis. Analysis of Covariance (ANCOVA) was
used for age and BMI-adjusted comparisons, post-hoc analyses were
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performed with a Bonferroni adjustment. Two pairs of groups were
compared: patients vs. HCs and bingeing vs. non-bingeing patients. The
latter comparison was carried out in light of the high rate of diagnostic
crossover found in subjects suffering from EDs (Castellini et al., 2018,
2011), in order to study the behaviors of patients rather than the di-
agnosis itself. Associations between variables were tested by means of
Pearson correlation coefficient. Furthermore, leptin level correlates
were tested in a multivariate linear regression analysis, adding age and
BMI as covariates.

The main aim of the present study was to verify whether leptin was
involved in the maintenance of reward-related pathological behaviors:
to test this hypothesis, moderation analyses were performed for the
association between leptin and the outcome variables, with ED-specific
psychopathology as a moderator variable. This was achieved by linear
regression analyses, entering leptin levels, EDE-Q, and the Leptin*EDE-
Q interaction as independent variables. In the model on food restric-
tion, given that the pathological behavior was measured by an EDE-Q
subscale, the "EDE-Q Weight Concern" variable was inserted as the
moderating variable rather than the total score in order to avoid mul-
ticollinearity problems. In the aforementioned models, outcome vari-
ables were: monthly episodes of objective binge eating, emotional
eating (as measured by “EES Total Score”), food restriction (as mea-
sured by “EDE-Q Restraint”), monthly episodes of compensatory ex-
ercise, and self-induced vomiting. Furthermore, leptin levels were re-
gressed as an indirect effect between BMI and the aforementioned
reward-related behaviors, adopting ED psychopathology as a moderator
of this interaction.

Considering that leptin levels can also be consequent to weight
variations, the inverse models were also tested, considering the indirect
effect of BMI in the interaction between pathological eating behaviors
(independent variable) and leptin levels. All models were run with age
as a covariate.

Percentile bootstrapping with 20,000 resamples and 95% con-
fidence intervals was used, in order to test the statistical significance of
indirect effects. All moderations were tested by calculating the inter-
action effect and the conditional effects of the predictor on the de-
pendent variable at different values of the moderator: one standard
deviation below the mean, at the mean value, and one standard de-
viation above the mean. If the above values were found to be outside
the range of possible values for that scale, the minimum or maximum
values of the scale were used instead to probe the effects. The Johnson-
Neyman technique was applied in order to calculate the transition point
for statistical significance.

All analyses were performed using IBM SPSS Statistics version 25
(IBM Corp., 2017) and the PROCESS macro v.3.3 (Hayes, 2013).

3. Results

3.1. General characteristics of the sample

The final sample consisted of 41 healthy subjects and 62 patients, of
which 34 fulfilled a diagnosis of AN, 14 of BN and 14 of BED. Table 1
shows the main demographic and clinical characteristics of the sample,
together with the results of comparisons between groups, carried out
between patients and HCs and between patients with and without
bingeing behaviors. Patients reported significantly higher scores than
the control group in almost all the administered questionnaires, with
the exception of EES Depression.

Patients had significantly lower leptin blood levels when compared
to healthy subjects in age- and BMI-adjusted multivariate comparisons
(Table 1). When considering different ED diagnoses, subjects with AN
showed mean leptin values of 0.4 ng/ml (SD = 0.4 ng/ml), BN of
1.3 ng/ml (SD = 1.1 ng/ml) and BED of 3.8 ng/ml (SD = 1.6 ng/ml).
The ANOVA performed for differences between diagnoses was statisti-
cally significant (F = 34.11, p < 0.001), and Tukey post-hoc analysis
revealed that subjects with AN and BN displayed lower leptin levels

than subjects with BED and HCs, whereas subjects with BED had higher
values compared to the other groups. The age- and BMI-adjusted AN-
COVA performed with diagnosis as categorical fixed factor was statis-
tically significant (F = 6.55, p = 0.001), and Bonferroni-adjusted post-
hoc tests revealed lower leptin levels for AN (mean differ-
ence = −1.3 ng/ml, p = 0.001) and BN (mean difference = −1.1 ng/
ml, p = 0.02), as compared to healthy subjects.

As expected, patients exhibiting bingeing behaviors showed higher
BMI when compared to restrictive patients, with an earlier onset of the
ED, a longer duration of illness and a greater number of overeating,
binge-eating and self-induced vomiting episodes (Table 1). Overall,
bingeing patients reported higher scores in administered ques-
tionnaires, with only the anger related EES subscale not showing a
significant difference (Table 1). When considering leptin, no significant
differences were found when adding age and BMI in the multivariate
analysis (Table 1).

3.2. Clinical and psychopathological correlates of leptin

As expected, BMI significantly predicted leptin levels in both
healthy HCs and patients, even when adjusting for age (β = 0.67, p <
0.001 and β = 0.91, p < 0.001, respectively).

Table 2 reports a correlation matrix for the psychometric and clin-
ical variables under study. Pearson correlation analyses in patients
showed a positive association between blood levels of leptin and EDE-Q
Weight and Shape Concern, overeating episodes, objective binge eating
and emotional eating, while a negative association was present with
compensatory exercise (Table 2). No association between leptin levels
and any of the psychopathological variables under consideration was
found in the control group.

A series of multivariate linear regression analyses were run in order
to study the psychopathological correlates of leptin levels, using age
and BMI as covariates; the results for the group of patients are reported
in Table 3. A significant positive association was found between leptin
hematic levels and each dimension of emotional eating assessed.
Moreover, leptin levels were associated with the number of overeating
and objective binge-eating episodes reported by patients in the last 28
days before the assessment. Conversely, no association was found with
subjective binge-eating episodes and overeating without loss of control.
Finally, there was an association between low leptin levels and a higher
number of episodes of intense physical exercise with compensatory
purposes.

No statistically significant association was observed between leptin
levels and any of the measured psychopathological domains in HCs
(data not reported).

To further corroborate the role of leptin in the maintaining model of
pathological eating behaviors, linear regression models were carried
out including leptin*ED-specific psychopathology as a covariate. This
strategy was adopted to test whether leptin association with patholo-
gical behaviors (restraint, compensatory exercise, binge eating, and
emotional eating) was conditioned according to different levels of core
psychopathology (EDE-Q total score, weight concern). Fig. 1 reports the
significant interactions. Leptin*EDE-Q Weight Concern interaction was
significantly associated with the dietary restraint (β = −0.40,
p = 0.013), indicating a different association between leptin levels and
this aberrant eating behavior for different levels of ED-specific psy-
chopathology (Fig. 1A). The association was found to be statistically
significant only for higher levels of ED psychopathology (Fig. 1A): the
transition point of the moderator for statistical significance was found
to be 2.48. Similar results were found for physical compensatory ex-
ercise, with a significant Leptin*EDE-Q Total Score interaction effect
(β = −0.61, p = 0.001) (Fig. 1B). The moderator value defining the
region of statistical significance was 0.99.

With regard to behaviors related to overeating, linear regression
models showed statistically significant Leptin*EDE-Q TS interactions
for both objective binge-eating (β = 0.47, p = 0.032) and emotional
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eating (β = 0.60, p = 0.007). These behaviors were associated with
leptin blood levels only for high ED psychopathology scores (EDE-Q
Total Score higher than 1.80 and 1.85, respectively). Interaction
probing is reported in Fig. 1, panels C and D. Finally, self-induced vo-
miting episodes were associated only with ED-specific psychopathology
(β= 0.61, p< 0.001), with a non-significant Leptin*EDE-Q Total Score
interaction effect (β = −0.44, p = 0.061).

3.3. Explicative mechanisms of the relationship between leptin and ED
pathological behaviors

A significant indirect effect between BMI and EDE-Q Dietary
Restraint through leptin levels was found, albeit only for higher levels
of EDE-Q Weight Concern (b = −0.10, 95% CI: −0.21 – −0.02), de-
spite the absence of an association between these two variables in the
whole sample (β = −0.13, p = 0.216). The indirect association be-
tween low BMI and pathological exercise through a reduction in he-
matic leptin levels was statistically significant, but only in the presence
of medium (indirect effect: b = −0.71, 95% CI: −1.20 – −0.35) or
high EDE-Q Total Scores (indirect effect: b = −1.18, 95% CI: −1.93 –
−0.61). The relationship between BMI and objective binge-eating
episodes also appeared to have and indirect effect through leptin va-
lues, for medium (indirect effect: b= 0.42, 95% CI: 0.07 – 0.85) or high
EDE-Q Total Score values (indirect effect: b = 0.70, 95% CI: 0.16 –
1.40.

The model concerning the association between BMI and emotional
eating symptomatology indicated the presence of an indirect effect by
leptin levels (indirect effect for medium EDE-Q Total Scores: b = 1.30,
95% CI: 0.31 – 2.58; indirect effect for high EDE-Q Total Scores:
b = 2.39, 95% CI: 0.83 – 4.53). No significant indirect effect was found
at any level of EDE-Q Total Score for the association between BMI and
self-induced vomiting. All the Variance Inflation Factors (VIFs)

calculated for each of the models tested were less than 3.0.
Finally, analyses were carried out to verify whether the relationship

between pathological eating behaviors and leptin levels could have an
indirect effect through BMI. None of these reverse models revealed a
statistically significant indirect effect, with the exception of compen-
satory exercise (indirect effect: b = −0.04, 95% CI: −0.06 – −0.02).

4. Discussion

To the best of our knowledge, this is the first study which attempted
to integrate leptin levels in an explanatory model of maintenance of ED
psychopathology, evaluating their role in the relationship between
malnutrition and aberrant reward-related behaviors.

As expected, leptin concentration was found to have a strong asso-
ciation with BMI, both in patients and HCs. Comparison with healthy
subjects showed reduced leptin levels in AN and BN patients, and in-
creased in those with BED, in accordance with previous findings
(Brewerton et al., 2000; Hebebrand et al., 1997; Jimerson et al., 2000;
Karageorgiou et al., 2019; Monteleone, 2002; Monteleone et al., 2002,
2000b, 2000a).

4.1. Reduced leptin levels and psychopathology

Leptin levels were found to be reduced in both AN and BN, even
after BMI adjustment. In agreement with this result, lower leptin levels
have already been observed in patients with AN as compared to HCs
matched by age and BMI and/or body fat mass (Hebebrand et al.,
1997), and in BN patients despite their normal weight status
(Monteleone, 2002; Monteleone et al., 2000b), thus suggesting a re-
lationship with psychopathology and pathological behaviors, relatively
independent from BMI. This hypothesis appears to be supported by
previous studies. In particular, von Prittwitz et al. (1997) demonstrated

Table 1
Demographic and clinical characteristics of the sample, together with the results of comparisons between groups (healthy subjects vs patients and restricting vs
bingeing patients), performed by independent samples t-tests for age and BMI, and age- and BMI-adjusted ANCOVAs for all other measures. t and F-values are shown
alongside their statistical significance (* p < 0.05; ** p < 0.01; *** p < 0.001).

Healthy Subjects
(n = 41) Mean± SD

Patients (n = 62)
Mean±SD

t/Age and BMI-
adjusted F

Restricting Patients
(n = 26) Mean± SD

Bingeing Patients
(n = 36) Mean± SD

t/Age and BMI-
adjusted F

Age (years) 25 ± 3 28 ± 12 −1.46 25 ± 11 29 ± 12 −1.45
Education (years) 14 ± 2 12 ± 3 23.32*** 12 ± 3 12 ± 3 0.01
BMI (kg/m2) 21.0 ± 2.0 21.3 ± 7.7 −0.35 16.0 ± 1.4 24.0 ± 8.0 −5.85***
Age of onset (years) 18 ± 7 21 ± 7 17 ± 7 16.81***
Illness duration (years) 9 ± 11 4 ± 9 11 ± 11 11.28**
Leptin (ng/ml) 2.3 ± 1.4 1.4 ± 1.7 14.86*** 0.4 ± 0.3 2.0 ± 1.8 0.84
EDE-Q Dietary Restraint 0.7 ± 1.0 2.8 ± 2.2 33.43*** 2.3 ± 2.5 3.0 ± 2.0 4.98*
EDE-Q Eating Concern 0.4 ± 0.7 2.8 ± 1.7 71.64*** 1.9 ± 1.6 3.2 ± 1.6 7.42**
EDE-Q Weight Concern 1.1 ± 1.1 3.4 ± 1.8 54.90*** 2.2 ± 1.7 3.9 ± 1.6 9.31**
EDE-Q Shape Concern 1.3 ± 1.3 3.6 ± 2.1 45.76*** 2.5 ± 2.2 4.1 ± 1.7 6.57*
EDE-Q Total score 0.9 ± 0.9 3.1 ± 1.8 57.82*** 2.2 ± 1.9 3.6 ± 1.5 8.24**
Total overeating episodes 0.7 ± 1.7 6.0 ± 9.7 10.19** 0.0 ± 0.0 8.6 ± 10.3 14.26***
Objective binge-eating

episodes
0.4 ± 1.5 5.1 ± 9.0 8.97** 0.0 ± 0.0 7.4 ± 9.8 10.12**

Overeating episodes without
loss of control

0.3 ± 0.7 1.0 ± 4.0 1.42 0.0 ± 0.0 1.3 ± 4.6 2.92

Subjective binge-eating
episodes

0.6 ± 1.7 4.1 ± 10.3 5.25* 1.6 ± 5.0 4.9 ± 11.4 2.40

Self-induced vomiting 0.0 ± 0.0 2.7 ± 6.8 4.82* 0.0 ± 0.0 3.6 ± 7.7 5.67*
Laxatives 0.0 ± 0.0 1.9 ± 7.2 3.27 0.0 ± 0.0 2.6 ± 8.3 0.30
Diuretics 0.0 ± 0.0 1.5 ± 6.8 2.23 0.0 ± 0.0 2.1 ± 7.9 0.07
Compensatory exercise

episodes
0.4 ± 2.3 8.3 ± 12.1 16.24*** 13.8 ± 14.0 6.3 ± 10.4 1.75

EES Anger 6.6 ± 7.2 13.0 ± 13.5 5.34* 6.4 ± 8.5 16.6 ± 13.9 3.68
EES Anxiety 5.9 ± 5.8 10.4 ± 9.6 5.71* 5.8 ± 6.4 12.9 ± 9.7 4.21*
EES Depression 5.9 ± 4.1 6.7 ± 5.8 0.13 3.2 ± 3.7 8.8 ± 5.8 8.27**
EES Total score 18.4 ± 15.9 30.1 ± 28.0 4.05* 15.4 ± 18.4 38.3 ± 28.1 5.03*
SCL-90-R GSI 0.5 ± 0.5 1.4 ± 0.8 47.49*** 1.0 ± 0.7 1.6 ± 0.7 7.09*

BMI: Body Mass Index; EDE-Q: Eating Disorder Examination Questionnaire; EES: Emotional Eating Scale; SCL-90-R GSI: Symptom Checklist-90 Revised Global
Severity Index; SD: Standard Deviation.
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that both BMI and food restriction were independent predictors of re-
duced blood leptin levels.

In addition, the present study suggests that the BMI-dependent de-
crease of leptin levels may represent a maintaining factor for patholo-
gical ED related behaviors, as previously hypothesized by Monteleone
and Maj (2013). Leptin was found to be a mediator for the relationship
between reduced BMI and increased dietary restraint, and between
reduced BMI and compensatory physical activity in the presence of high
levels of ED specific psychopathology. These results suggest that un-
derweight is associated with maintaining of restraint and compensatory
exercise through a decrease in plasma leptin levels in subjects with
severe ED psychopathology. Conceptually, the proposed analysis in-
tegrates the role of leptin into Fairburn's cognitive-behavioral model,
according to which malnutrition represents a maintaining factor for
pathological eating behaviors and for the psychopathological nucleus of
EDs represented by the excessive importance attributed to body shape
and weight (Fairburn, 2008). The results on physical activity are ap-
parently in line with the model of semi-starvation induced hyper-
activity (SIH), according to which a prolonged fasting regime favors the
increase of motor activity and restlessness via a reduction of leptin le-
vels (Exner et al., 2000). It has been hypothesized that SIH could be an
adaptive consequence of prolonged fasting, with hypoleptinemia
prompting the search for food through an increase in exploratory be-
havior (Buyse et al., 2001). This could be driven by the increase in the
dopaminergic tone of the reward circuits due to low leptin levels
(Verhagen et al., 2011). However, in the present study the increase in

Table 3
Psychopathological and behavioral correlates of leptin levels in ED patients. For
every dependent variable, a linear regression model was performed, with age,
BMI, and leptin values as independent factors. β values are shown alongside
their statistical significance (* p < 0.05; ** p < 0.01; *** p < 0.001).

Dependent variable Age- and BMI-adjusted β

EDE-Q Dietary Restraint −0.04
EDE-Q Eating Concern 0.06
EDE-Q Weight Concern 0.34
EDE-Q Shape Concern 0.32
EDE-Q Total score 0.19
Total overeating episodes 0.78**
Objective binge-eating episodes 0.83**
Overeating episodes without loss of control −0.01
Subjective binge-eating episodes −0.22
Self-induced vomiting 0.01
Laxatives −0.01
Diuretics 0.19
Compensatory exercise episodes −0.56*
EES Anger 0.59*
EES Anxiety 0.81**
EES Depression 0.61*
EES Total score 0.69*
SCL-90-R GSI 0.02

BMI: Body Mass Index; EDE-Q: Eating Disorder Examination Questionnaire;
EES: Emotional Eating Scale; SCL-90-R GSI: Symptom Checklist-90 Revised
Global Severity Index.

Fig. 1. Diagrams of the moderated linear regression models for dietary restraint (Panel A), compensatory physical exercise (Panel B), objective binge eating (Panel C)
and emotional eating (Panel D). All models have leptin levels as the independent variable, the pathological behavior as the dependent variable, and age and BMI as
covariates (not shown in the model). Eating disorder specific psychopathology was inserted as a moderator for the association between leptin values and pathological
behaviors. Each panel shows the regression lines and coefficients (b) for the relationships between leptin and the reward-related behavior, for three different values of
the moderator (a standard deviation below the mean, at the mean and a standard deviation above the mean).
** p < 0.01; *** p < 0.001
BMI: Body Mass Index; EDE-Q: Eating Disorder Examination Questionnaire; EES: Emotional Eating Scale; TS: Total Score; WC: Weight Concern.
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physical activity was not aimed at finding food, but rather at obtaining
further weight loss. Frank et al. (2018) hypothesized that, in subjects
with EDs, the psychopathological processes that oppose feeding, in-
cluding the drive for thinness and body dissatisfaction, could override
the normal homeostatic signals on the basis of a fear-driven mechanism.
Additionally, food intake loses its positive connotation, being asso-
ciated with feelings of guilt and shame (Frank, 1991), while dietary
restriction and compensatory exercise are gratifying, due to their as-
sociation with a sense of purity and self-control (Davis and
Woodside, 2002; Fassino et al., 2006). Moreover, compensatory ex-
ercise has been shown to play a role in emotional regulation in patients
with AN (Davis and Woodside, 2002), thus acquiring a reward com-
ponent linked to the relief of negative emotions. These observations
could explain the aberrant food-related reward associated with ED
specific psychopathology previously observed by Cowdrey and coll. in a
population of AN patients (Cowdrey et al., 2013). In fact, it could be
hypothesized that, in underweight patients with EDs, low leptin levels
could encourage dietary restraint and compensatory physical exercise
instead of determining food seeking. This could be due to the presence
of an aberrant food-related reward, which makes losing weight instead
of feeding the desirable goal.

As far as self-induced vomiting is concerned, we did not observe a
significant association with plasma leptin levels. Even the indirect effect
that attempted to illustrate the role of BMI in maintaining this behavior
through leptin modifications was not statistically significant.
Consequently, these results do not support the hypothesis that self-in-
duced vomiting is favored by a variation of BMI through the mod-
ification of blood leptin levels.

4.2. Increased leptin levels and psychopathology

The frequency of binge-eating episodes was found to be positively
associated with leptin levels, as previously demonstrated in patients
with BED (Adami et al., 2002; Miller et al., 2014; Monteleone et al.,
2000b). Leptin levels also resulted positively associated with emotional
eating. Indeed, leptin was found to mediate the relationship between
BMI and both objective binge eating and emotional eating. As for the
“starvation” model, the role of leptin was confirmed only in the pre-
sence of high levels of ED specific psychopathology (moderated indirect
effect). The present data suggest that in subjects with EDs characterized
by an elevated BMI, being overweight plays a role in maintaining ob-
jective binge eating and emotional eating through an increase in plasma
leptin levels. Again, the proposed model seems to be paradoxically in
contrast with the homeostatic functions of leptin itself (Brennan and
Mantzoros, 2006). A possible explanation might be a leptin-resistance
mechanism triggered by the BMI-dependent increase of leptin levels,
considering the well-known association between overweight and a
lower sensibility to the anorectic effects of leptin (Enriori et al., 2006).
However, since the leptin-resistance mechanism does not fully explain
why the model is significant only in the presence of higher levels of ED
psychopathology, other factors might be involved. In particular, it
could be hypothesized that the relationship between leptin levels and
reward-circuits might play a pivotal role. Previous studies have shown
that augmented leptin levels determine a chronic inhibition of the do-
pamine system (Farooqi et al., 2007), which results in an hyper re-
activity of the dopaminergic circuits towards external reward-pre-
dictive stimuli (Grosshans et al., 2012; Heinz et al., 2004). For this
reason, leptin seems to be involved in the maintenance of addictions
and in particular in the phenomenon of craving towards the substance
of abuse (Aguiar-Nemer et al., 2013; von der Goltz et al., 2010). In a
murine model of obesity it has been demonstrated that the excessive
ingestion of palatable food determines an overstimulation of dopami-
nergic systems, in turn inducing a state of reward hyposensitivity and
the development of compulsive-like eating (Johnson and Kenny, 2010).
The aberrant overeating-related behaviors considered in this study,
namely objective binge eating and emotional eating, are associated

with reward not only because of the palatability of the ingested food,
but they also represent strategies used by ED patients to obtain a relief
against negative emotions (Dingemans et al., 2017; Evers et al., 2010).
Thus, it can be hypothesized that in ED patients the BMI-dependent
leptin-induced inhibition of dopaminergic systems facilitates both ob-
jective binge eating and emotional eating through a craving-like me-
chanism.

The reversed models, based on the hypothesis that leptin alterations
are simple consequences of the BMI variation induced by pathological
eating behaviors, were not statistically significant, with the exception of
compensatory exercise. This result suggests the existence of a two-way
effect between leptin levels and compensatory exercise. If on the one
hand physical activity contributes to the decrease in body weight and
therefore to a lowering of the plasma levels of leptin, the latter could
contribute to the maintenance of pathological behavior on a reward-
dependent basis. Moreover, it is important to emphasize that, since the
moderated models tested in the present study were based on strong a
priori hypotheses, the presence or absence of statistical significance of
the reverse models does not weaken or strengthen the validity of the
original one (Thoemmes, 2015). Furthermore, VIFs related to each of
the models were all below the threshold commonly used in collinearity
diagnostics (VIF > 10), which allowed to exclude the presence of sig-
nificant multicollinearity between the variables (Hair et al., 2014). For
both the dietary restraint model and the objective binge-eating model it
is important to note that a statistically significant indirect effect was
identified even in the absence of a total effect, as evidenced by the non-
significant multiple linear regressions between BMI and the two vari-
ables in question. This apparently controversial phenomenon is actually
frequently encountered, can have different causes and does not affect
the validity of the indirect effects (Hayes, 2009).

5. Conclusions and limitations

Although the interpretation of these results is limited by the cross-
sectional nature of the research design, these findings are consistent
with a strong initial hypothesis. They therefore provide a preliminary
rationale for further studies on an etiological link between leptin levels
variations induced by BMI modifications and the maintenance of re-
ward-related pathological ED behaviors. Indeed, the present study
showed that, in ED patients, a low BMI could contribute to the main-
tenance of dietary restriction and compensatory physical exercise,
through a reduction of leptin levels. Vice versa, a high BMI, through an
increase of leptin levels, could help to maintain behaviors related to
overeating, such as objective binge eating and emotional eating.

The results of the present study should be considered as preliminary,
considering the limited sample size and in the light of some limitations,
such as the cross-sectional design of the study, which did not allow
establishing cause-consequence interactions between variables . In ad-
dition, only self-administered questionnaires were used. Finally, body
composition measures were not collected, limiting the conclusions re-
garding the nutritional status of the patients.

If the hypotheses and results of this study were confirmed by
longitudinal data on larger samples, the assessment of leptin plasma
levels could be integrated into clinical practice to improve the char-
acterization of EDs and to monitor their progress over time.
Furthermore, the idea of using leptin-based treatments on subjects af-
fected by specific EDs would be strengthened, as some experts have
already suggested for some time (Hebebrand and Özgür., 2012).
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