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Abstract: Background and Objectives: The NUCB2 gene and its polymorphisms were identified as
novel players in the regulation of food intake, potentially leading to obesity (OBE) and altered eating
behaviors. Naltrexone/bupropion SR (NB) showed good efficacy and tolerability for treating OBE
and altered eating behaviors associated with binge eating disorder (BED). This prospective study
investigates the influence of NUCB2 gene polymorphism on NB treatment response in OBE and
BED. Materials and Methods: Body mass index (BMI), eating (EDE-Q, BES, NEQ, GQ, Y-FAS 2.0) and
general psychopathology (BDI, STAI-S) were evaluated at baseline (t0) and after 16 weeks (t1) of
NB treatment in patients with OBE and BED (Group 1; N = 22) vs. patients with OBE without BED
(Group 2; N = 20). Differences were evaluated according to the rs757081 NUCB2 gene polymorphism.
Results: NUCB2 polymorphism was equally distributed between groups. Although weight at t0
was higher in Group 1, weight loss was similar at t1 in both groups. BMI was not influenced by
NUCB2 polymorphism. In Group 1, the CG-genotype reported significant improvement in eating
psychopathology while the GG-genotype reported improvement only for FA. No differences were
observed in Group 2. Conclusions: Patients diagnosed with BED and treated with NB exhibited a
more favorable treatment response within the CG-genotype of the NUCB2 polymorphism.

Keywords: NUCB2; polymorphism; nesfatin-1; binge eating disorder; obesity; food addiction;
eating behaviors

1. Introduction

Central food intake is mainly regulated by two systems: the hypothalamic circuit
of melanocortin (i.e., the regulator of appetite and food intake) [1], and the mesolimbic
dopamine circuit (i.e., the reward pathway) [2]. The first one is related to the “homeostatic
control of feeding”, in which food intake seems to be limited to satisfy an individual’s biolog-
ical needs and regulate energy balance; the second one is related to the “non-homeostatic”
feeding or “hedonic feeding” and refers to eating for pleasure or the reward associated
with food intake when over-consuming palatable food [2]. Interestingly, the systems in-
volved in homeostatic and non-homeostatic feeding are not entirely separated, as multiple
connections between these two systems exist [3]. Different central and peripheral stimuli
may interact with these systems to control the food intake [4].
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Recently, nesfatin-1 and its NUCB2 gene have been identified as novel players in
the pathways involved in the homeostatic and hedonic regulation of food intake [5,6].
The secreted protein nesfatin-1 has not only peripheral (i.e., on body temperature, energy
expenditure, glycemic control) [7–9] but also central actions (i.e., on the reward circuitries to
modulate hedonic feeding-related behaviors) [10,11] crossing the blood–brain barrier [12]
or directly expressed in the reward-related brain regions (i.e., ventral and dorsal striatum,
lateral hypothalamus, dorsal and dorsolateral tegmental nucleus) [13].

As noted, dysregulated eating behaviors are a primary factor that contributes to the
increased rate of obesity worldwide [14] and genetic studies are growing to elucidate the
possible link between the NUCB2/nesfatin-1 gene and the role of single nucleotide polymor-
phisms in the development of obesity (OBE) [15]. Recently, NUCB2 gene polymorphisms
(e.g., rs1330, rs214101 and rs757081) have been associated with OBE [16], suggesting that
NUCB2 might be involved in the regulation of energy homeostasis and food intake [15].
Evidence has emerged in particular for the c.1012C>G polymorphism (Q338E or rs757081),
supporting the connection between the rs757081 variant and higher BMI [16], fat free
mass [16], and childhood adiposity [15,17].

On the other hand, obesity is common among patients with binge eating disorder
(BED) [18], leading to a considerable medical burden due to the metabolic complications
and the decrease in quality of life [19]; novel research is trying to disentangle the genetic
contribution of the NUCB2/nesfatin-1 gene and the co-occurrent BED [20].

Hypothalamic mRNA levels of the NUCB2 product seem to be sensitive to fasting [21].
Indeed, a pre-clinical study demonstrated that increased levels of both mRNA [21] and
nesfatin-1 in the hypothalamus regulate feeding behavior by stimulating the synthesis of
pro-opiomelanocortin (POMC). This evidence supports not only the stimulatory role for
nesfatin-1 on POMC synthesis [22] through the melanocortin system and its melanocortin
receptors (MCR) (i.e., MC3/4R) [23] but also the action on the dopaminergic reward
pathway to inhibit food intake [24]. In addition, recent studies suggested that the secreted
protein nesfatin-1 regulates anxiety and depressive symptoms [25,26].

Based on this evidence, it may be hypothesized that the polymorphism of NUCB2
could influence NUCB2 gene function participating in nesfatin-1 expression and in the
regulation of the food intake system leading not only to an increased BMI but also increasing
dysfunctional eating behaviors [20].

Among the new available treatment for treating OBE and altered eating behaviors,
naltrexone/bupropion SR (NB) has shown good efficacy and tolerability in the treatment
of OBE [27–29] and a previous study demonstrated that it was effective in reducing altered
eating behaviors, in particular food addiction, in high-weight patients with BED [30] due
to its action both on the hypothalamus, stimulating and increasing POMC activation [28],
and on the modulation of the reward circuits [31].

Because of the involvement of the NUCB2 gene in the melanocortin pathway that
regulates energy homeostasis and the reward system, and the synergic effect of NB, we
assume that polymorphism of NUCB2/nesfatin-1 could influence the treatment response to
NB. Thus, this study aims at investigating the influence of rs757081 NUCB2 gene polymor-
phism in NB treatment response by evaluating changes in BMI, restraint, eating behaviours,
depression, and anxiety in patients with OBE and BED.

2. Materials and Methods
2.1. Participants

In this prospective clinical study, participants were consecutively recruited at the
outpatient clinic for eating disorders of the University Hospital “Renato Dulbecco” of
Catanzaro (Italy) from June 2021 to June 2023. Individuals were considered eligible if they
reported the following: (1) a body mass index (BMI) ≥ 30 kg/m2; (2) an age ≥18 years and
<65; (3) ability to answer self-report questionnaires; and (4) ability to give valid informed
consent to the study. On the other hand, patients were deemed not eligible to be enrolled
if they met the following criteria: (1) diagnosis of schizophrenia spectrum disorders or
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bipolar disorder according to DSM-5 criteria; (2) alcohol or substance abuse disorder in
the previous 6 months; (3) pregnancy, or childbirth and/or breastfeeding; (4) severe and
documented comorbid medical conditions (i.e., diabetes mellitus, uncontrolled hyperten-
sion, cancer disease, seizure disorders); (5) antidiabetic or hypoglycemic therapy, hormonal
and pharmacological treatment potentially able to induce either cognitive impairment or
metabolic changes and contraindications to the use of NB (e.g., severe kidney or hepatic
failure); (6) absence of a credible, documented medical history.

Participants were duly informed individually about the aim, procedures, and anonymity
of the study to obtain written informed consent before any procedures took place. The study
protocol followed the ethical principles set out in the revised version of the Declaration of
Helsinki [32] and was approved by the Ethical Committee of “Regione Calabria, sezione
Area Centro” (identifier: 162/22.04.2021).

2.2. Procedures and Assessment

Data on physical health, anthropometric data (i.e., height, weight, and BMI), socio-
demographics and documented medical comorbidities (e.g., diabetes, uncontrolled hy-
pertension, cancer disease, seizure disorders) were collected for each participant with an
ad hoc schedule. Clinical interviews were performed by trained psychiatrists (45 min
alike) at first registration. The diagnosis of BED was confirmed or excluded during clinical
interviews by a trained psychiatrist with expertise in the field of eating disorders through
the Structured Clinical Interview for the DSM-5 (SCID-5-CV) [33]. Patients were evaluated
at baseline (t0) and after 16 weeks of treatment (t1).

2.3. General and Eating Psychopathological Measures

All enrolled participants completed the following questionnaires:

• Eating Disorder Examination Questionnaire (EDE-Q 6.0) [34] to evaluate the psy-
chopathology and symptomatology of eating disorders; we consider the Restraint
subscale of EDE-Q as a measure of the reduction in food intake;

• Beck Depression Inventory (BDI-II) to assess depression severity [35];
• State–Trait Anxiety Inventory (STAI-S) to assess state anxiety [36];
• Binge Eating Scale (BES) [37] to measure the severity of behaviours, feelings and

cognitions associated with binge eating;
• Night eating questionnaire (NEQ) [38], Italian version, to measure the night eat-

ing symptoms;
• Grazing Questionnaire (GQ) [39], Italian version, to evaluate the grazing behaviour;
• Yale Food Addiction Scale 2.0 (Y-FAS 2.0) [40], Italian version, to assess addiction-like

eating behavior over the past 12 months; for this study, the total criteria were used.

The same assessment was administered to each participant after 16 weeks of treatment.

2.4. Patient Genotyping Analysis

Following similar strategies employed by other similar studies [16,20], a blood sample
from patients was used for the genotyping of rs757081 NUCB2/nesfatin-1. Genomic DNA
was extracted from a 200 mL peripheral whole blood sample by a Commercial DNA
isolation kit (Promega, Madison, WI and Roche, Mannheim, Germany). DNA samples
were stored at −20 ◦C until use. The real-time PCR systems were used for analysing the
NUCB2 gene polymorphism (rs757081). The cycling conditions for NUCB2 were initial
polymerase activation at 95 ◦C for 5 min, followed by 40 cycles with at 95 ◦C for 15 s and
annealing/extension at 60 ◦C for 30 s. The TaqMan allelic discrimination assay (Assay
ID# C_2261417_10 for NUCB2/nesfatin-1, Applied Biosystems, Foster City, CA, USA) was
used to determinate the rs757081 NUCB2/nesfatin-1 genotype calls. Template DNA was
amplified, and fluorescence was detected on a BioRad CFX-96 Thermal Cycler (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). All samples were analysed in duplicate.
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2.5. Treatment Program

Participants initiated treatment with NB, taking one tablet per day, which contained
8 mg of naltrexone·HCl and 90 mg of bupropion·HCl. The dosage was gradually increased,
reaching a maximum of two tablets twice a day by the fourth week. If patients experienced
manageable side effects such as constipation, tinnitus, or nausea, the therapy dose was
reduced to the minimum level needed for effectiveness. Patients were advised to maintain
their usual eating and daily routines, except for engaging in moderate aerobic physical
activity. Additionally, behavioural counselling to promote a healthy lifestyle was provided
to each participant throughout the entire treatment duration. Adherence to treatment was
evaluated and a weekly side-effects checklist was administered by a research clinician. Dur-
ing each visit, medication refills were accompanied by a review of medication compliance
and dosing schedules. Pill bottles were returned for pill counts post-treatment.

2.6. Data Analysis

Descriptive statistic analysis (frequencies and percentages for categorical variables,
means and standard deviations for continuous variables) were used to analyze the socio-
demographic and clinical variables and depict the main results of tests. Differences between
groups were examined through independent sample t-tests and chi- squared tests with
Yates correction, as appropriate. The General Linear Model (GLM) with repeated measures
was used to evaluate changes in BMI, restraint, grazing, binge eating, nigh eating, food
addiction, depression, and anxiety after treatment with NB. For significant results, eta-
squared (η2) values for GLM, and Cohen’s d for Student’s t-test, were calculated as measures
of effect size. The level of statistical significance was set at p ≤ 0.05. The data analysis was
performed with the Social Sciences Statistical Package, Version 26.0 (SPSS Inc., Chicago,
IL, USA).

3. Results
3.1. Sample Description

Overall, 49 out of 58 participants initially invited for participation were considered
eligible and enrolled in this study (5 did not fulfill the inclusion criteria, 2 met at least one
exclusion criteria and 2 did not consent to give a blood sample). According to the diagnosis,
patients were allocated to Group 1 (Ob-BED: high-weight patients with BED) or Group 2
(Ob-noBED: high-weight patients without BED).

In total, 42 out of 49 participants completed the 16-week treatment program, including
22 patients from Group 1 and 20 patients from Group 2. Only seven patients dropped out:
three patients due to side effects (i.e., nausea, constipation) within the first four weeks, and
four for not completing tests at follow-up.

Table 1 displays the socio-demographics of the final sample. The groups only differed
in BMI (p = 0.012) and sex (p = 0.013). The rs757081 NUCB2 polymorphism was equally
distributed between groups (χ² = 2.637; p = 0.680). The distribution of alleles in the two
groups was consistent with the Hardy–Weinberg equilibrium and comparable to other
European populations, confirming a normal distribution.

3.2. Treatment Response

All the included patients demonstrated adherence to the treatment. Although weight
at t0 was higher in the Ob-noBED group, a significant reduction in BMI was observed
after treatment with NB (F = 121,453; p < 0.001, η2 = 0.786) in the whole sample. No effect
of diagnosis (F = 1.268; p = 0.268) on weight reduction was evident as weight loss was
similar in both groups of patients (∆%BMI: Ob-BED = 7.9 ± 3.4 vs. Ob-noBED = 7.9 ± 3.6;
F = 0.000; p = 0.993).

The following significant differences were evident after treatment with NB (Figure 1):
an increase in restraint (EDE-Q restraint: F = 4.398; p = 0.044; η2 = 0.124) and decrease
in grazing (GQ total score: F = 5.997; p = 0.020; η2 = 0.154), binge eating (BES: F = 10.084;
p = 0.003; η2 = 0.234), and food addiction (YFAS 2.0 criteria: F = 9.274; p = 0.005; η2 = 0.219).
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Conversely, night eating (I-NEQ total score: F = 0.230; p = 0.638), depression (BDI-II:
F = 1.616; p = 0.213) and anxiety (STAI-S: F = 0.604; p = 0.443) scores did not show significant
changes. No effect of diagnosis was observed for any of these variables (Figure 2): EDE-Q
restraint: F = 1.541; p = 0.224; GQ: F = 0.274; p = 0.604; BES: F = 1.281; p = 0.266; YFAS
2.0: F = 0.763; p = 0.389; I-NEQ, F = 2.953; p = 0.104; BDI-II, F = 0.078; p = 0.782; STAI-S,
F = 0.017; p = 0.898.

Table 1. Sample description.

Group 1
(Ob-BED)

N = 22

Group 2
(Ob-noBED)

N = 20

Mean SD Mean SD t p

Age (Years) 42 (12.5) 43.4 (14.7) 1.380 0.744

BMI (kg/m2) 38.4 (6.7) 45.4 (10.4) 2.617 0.012

Fr % Fr % χ² p

Sex Female 18 (81.8) 8 (40) 6.010 0.013
Male 4 (18.2) 12 (60)

Education Elementary school 2 (9.1) 3 (15) 1.552 0.670
Middle school I 5 (22.7) 5 (25)
High school II 11 (50) 12 (60)

University degree 4 (18.2) 0 (0)

Employment Unpaid activity 5 (22.7) 2 (10) 2.387 0.496
Employed 13 (59.1) 11 (55)

Unemployed 3 (13.6) 6 (30)
Student 1 (4.5) 1 (5)

Civil status Single 9 (40.9) 7 (35) 0.155 0.925
Married 11 (50) 11 (55)
Divorced 2 (9.1) 2 (10)

rs757081 NUCB2 genotype CG 3 (13.6) 7 (35) 2.637 0.680
CC 16 (72.7) 11 (55)
GG 3 (13.6) 2 (10)

BED: binge eating disorder; BMI: body mass index; Fr: frequency; %: percentage; SD: standard deviation. Significant
results are in bold.
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Figure 1. Significant differences after treatment with NB in the whole sample. BES: Binge Eating Scale;
EDE-Q R: Eating Disorder Examination Questionnaire-Restraint; GQ: Grazing Questionnaire; Y-FAS 2.0:
Yale Food Addiction Scale 2.0.
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Figure 2. No significant differences after treatment with NB in the whole sample. BDI-II: Beck
Depression Inventory II; I-NEQ: Night Eating Questionnaire; STAI-S: State Trait Anxiety Inventory-State.

3.3. Influence of rs757081 NUCB2 Polymorphism on Treatment Response

The main effect of NUCB2 polymorphism on restraint (F = 15.448; p = 0.001; η2 = 0.775),
grazing (F = 5.601; p = 0.021 η2 = 0.505), night eating (F = 3.932; p = 0.05 η2 = 0.417)
and food addiction (F = 4.442; p = 0.039; η2 = 0.447) was evident in the Ob-BED group.
Patients with the CG genotype reported statistically significant improvements in grazing,
night-eating behaviors and food addiction even if their restraint decreased. On the other
hand, the patients with the CC homozygosis genotype reported no significant changes in
grazing, night eating and food addiction but only increased restraint. Increased grazing
and night eating were reported among the GG genotype group even if restraint increased.
Surprisingly, the improvement of food addiction (p = 0.039, F = 4.442, η2= 0.447) was also
associated with the GG genotype (See Figure 3a–d). There was not a significant effect of
NUCB2 polymorphism on BMI (F = 0.658; p = 0.537; η2 = 0.107), BES (F = 1.975; p = 0.185;
η2 = 0.264), BDI-II (F = 3.454; p = 0.069; η2 = 0.386) or STAI-S (F = 0.086; p = 0.918; η2 = 0.015).
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Figure 3. Changes in pathological eating behaviors according to rs757081 NUCB2 polymorphism in
Ob-BED group. EDE-Q: Eating Disorder Examination Questionnaire; GQ: Grazing Questionnaire; I-NEQ:
Night Eating Questionnaire; Y-FAS 2.0: Yale Food Addiction Scale 2.0. *: p < 0.05; **: p < 0.001.
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No statistically significant effect of NUCB2 polymorphism on treatment response was
observed among the patients of the Ob-noBED group.

4. Discussion

To the best of our knowledge, this is the first study that investigated the influence of the
NUCB2/nesfatin-1 gene polymorphism on NB treatment response in high-weight patients
with and without BED. In our sample, both groups showed similar weight reductions
and changes in general and eating psychopathology after treatment with NB. The results
are in line with recent literature demonstrating that NB is a useful and safe treatment
option [27,28] not only for weight loss [27,28] but also for improving pathological eating
behaviors in high-weight patients with BED [30] due to its peculiar mechanism of action in
controlling both hunger and appetite [41,42]. In our previous study [30], patients with BED
exhibited better control of eating behaviors after treatment with NB by increasing food
restriction and reducing binge eating, grazing and severity of food addiction.

The results of this preliminary study support the hypothesis that polymorphisms of
NUCB2/nesfatin-1 influence the treatment response to NB. The rs757081 polymorphism is
one of the most extensively studied SNPs in the NUCB gene. This SNP has two alleles, C and
G, with the C allele being the ancestor. The genotype and rs757081allelic frequency in our
sample are superimposable on the general population and this allows us to generalize our
results. To date, previous studies have associated the rs757081 polymorphism of the NUCB2
gene in adulthood (OR = 1.42) [16] and childhood (OR = 1.69) [17,20] with an increased
risk of weight gain, higher metabolic rate, and impaired nesfatin-1 levels [15–17,43]. In
particular, studies have shown that the C allele in overweight individuals may be a risk
factor for metabolic syndrome [43] and elevated nesfatin-1 levels [20]. Conversely, the G
allele is rarely found in overweight populations [17] and is considered protective against
adiposity/weight gain [17]. Thus, it can be speculated that the C allele confers risk, and the
G protects.

NUCB2 is a relevant gene in determining eating behaviors, and its product nesfatin-1
is expressed in several brain regions implicated in the homeostatic and hedonic control
of feeding and energy balance [5,10,24,44], supporting the demand for more studies on
this gene, its polymorphisms and the nesfatin-1. Patients in our study, regardless of the
diagnosis, exhibited weight loss and changes in eating behaviors after treatment, but a
significant effect of NUCB2 polymorphism was only evident in the Ob-BED group.

rs757081 NUCB2 polymorphism could influence the NUCB2 gene function; in line
with the study by Caroleo et al. [20], patients with BED and the heterozygosis CG genotype
may have an altered nesfatin-1 expression and lower plasma levels. This might result in
decreased POMC stimulation with altered energy homeostasis and reward system regula-
tion, and a consequent increase in food intake, altered eating behaviors and higher BMI.
Nevertheless, our findings suggest that individuals with the heterozygosis CG genotype
experience greater improvement of their eating behaviors following NB therapy than the
homozygosis genotype. This suggests that NB might be more effective in individuals with
the CG genotype compared to those with CC/GG genotypes that could have more altered
NUCB2 product levels. This enhanced response could be attributed to NB’s impact not
only on the melanocortin system but also on the reward system. NUCB2 is expressed in
hypothalamic areas [5] and in the reward-related brain regions [10]. NUCB2 can modulate
the release of nesfatin-1 and other neurotransmitters [10,45], and, consequently, food intake
and eating behavior. NB seems able to directly modulate the POMC and the dopaminergic
systems regulating food intake and food reward in the presence of the heterozygosis CG
NUCB2 polymorphism and may be not useful in homozygosis genotypes.

The reduction in EDE-Q restraint in the CG genotype is likely to be considered conse-
quential to an overall psychopathological improvement observed in patients.

Additionally, to the best of our knowledge, no previous study reported on the associa-
tion between rs757081 NUCB2 and FA reduction in patients treated with NB. We observed
a significant influence of the CG and GG genotypes on NB-related FA reduction in the
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Ob-BED group. The authors’ opinion is that NB was able to increase dopamine in the
mesolimbic system, thus re-establishing a partial balance and reducing FA. The results may
suggest that patients with FA alone might benefit from NB treatment not only if they carry
the CG genotype but also the GG genotype and this may also suggest that FA is a different
and unique construct that deserves further in-depth investigation.

We did not observe any significant influence of rs757081 NUCB2 on BMI and affective
symptoms. The missing significance may be explained by the limited sample size and the
limited follow-up. Therefore, further studies with a larger sample size and longer follow-up
on NUCB2 are warranted.

The limitations of this preliminary report also need to be acknowledged. First, the
use of a relatively small sample size to generalize genetic findings and the absence of a
randomization or placebo-controlled study design should be considered. Second, the use
of self-report questionnaires, although well-validated tools, may have been affected by
recalling bias leading to the underestimation of eating behaviors or affective symptoms.
Third, this study only evaluated the effect of one polymorphism, and clarifying whether
this gene has a direct relationship with eating behavior is not possible. Forth, the range
in the proportion of men to women may have impacted our results. Yet, this significant
contrast accurately reflects the true prevalence and distribution of individuals seeking
help for weight loss in real life with and without BED. Fifth, the weekly medication
adherence monitoring and the pill count at the end of the treatment may have been biased
by the attempts of subjects, either intentionally or not, to misrepresent their compliance by
discarding the prescribed medication rather than by consuming it. Despite these limitations,
this study has some noteworthy strengths. To date, this is the first study that has evaluated
the influence of NUCB polymorphism on the response to treatment with NB in patients
with obesity and BED compared to patients with OBE without BED. This study is also
the first to report an association between rs757081 NUCB2 and the improvement in eating
psychopathology in a cohort of patients after 16 weeks of treatment with NB. The results
of this study could allow clinicians to identify a new population that may benefit from
treatment with NB. For these reasons, other studies replicating and extending current
results are needed.

Practical Considerations

The results of this preliminary study could inform clinicians and researchers on the
need to more accurately identify patients with OBE with/without BED that could benefit
from treatment with NB. NB is a pharmacological treatment that has shown significant
benefits for high-weight patients with not potentially life-threatening side effects, but a
treatment response that may be influenced by genetics. Additionally, our results also
suggest that FA may represent a peculiar phenotype of BED. Therefore, the presence
of NUCB2 polymorphism could be a valuable factor in determining the most effective
treatment approach to enhance outcomes for individuals showing FA.

In the era of precision medicine, the results of the present study should serve as a
driving force for the use of genetic tests in clinical practice, enabling the acquisition of an
individual’s genetic profile to tailor treatment management. Indeed, this testing should not
only assess their predisposition to being overweight, OBE, and associated comorbidities
but also offer the potential to tailor personalized therapies.

5. Conclusions

Among the patients affected by BED undergoing NB treatment, a more favorable
treatment response seems evident in individuals expressing the CG genotype of the NUCB2
polymorphism. Taking into consideration all the limitations, these preliminary findings may
imply that genetic investigations within the field of eating disorders could aid clinicians in
selecting the most suitable treatment strategy, leveraging the polymorphic variations of
susceptibility genes.



Biomedicines 2024, 12, 451 9 of 11

Author Contributions: Conceptualization, E.A.C. and C.S.-G.; methodology, E.A.C. and C.S.-G.; formal
analysis, C.S.-G.; investigation, E.A.C., M.C., M.R., F.C. (Francesca Condoleo), F.C. (Federica Catalano),
M.L.H. and C.S.-G.; data curation, E.A.C., M.C., M.R., R.d.F., F.C. (Francesca Condoleo), M.A. and
C.S.-G.; writing—original draft preparation, E.A.C.; writing—review and editing, P.D.F., F.A., M.L.H.,
T.V.F. and C.S.-G.; supervision, T.V.F. and C.S.-G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of “Regione Calabria, sezione Area Centro”
(identifier: 162/22.04.2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Morton, G.J.; Meek, T.H.; Schwartz, M.W. Neurobiology of Food Intake in Health and Disease. Nat. Rev. Neurosci. 2014, 15,

367–378. [CrossRef]
2. Volkow, N.D.; Wang, G.-J.; Baler, R.D. Reward, Dopamine and the Control of Food Intake: Implications for Obesity. Trends Cogn.

Sci. 2011, 15, 37–46. [CrossRef] [PubMed]
3. Lutter, M.; Nestler, E.J. Homeostatic and Hedonic Signals Interact in the Regulation of Food Intake. J. Nutr. 2009, 139, 629–632.

[CrossRef] [PubMed]
4. Abdalla, M.M.I. Central and Peripheral Control of Food Intake. Endocr. Regul. 2017, 51, 52–70. [CrossRef] [PubMed]
5. Oh-I, S.; Shimizu, H.; Satoh, T.; Okada, S.; Adachi, S.; Inoue, K.; Eguchi, H.; Yamamoto, M.; Imaki, T.; Hashimoto, K.; et al.

Identification of Nesfatin-1 as a Satiety Molecule in the Hypothalamus. Nature 2006, 443, 709–712. [CrossRef] [PubMed]
6. Dore, R.; Levata, L.; Lehnert, H.; Schulz, C. Nesfatin-1: Functions and Physiology of a Novel Regulatory Peptide. J. Endocrinol.

2017, 232, R45–R65. [CrossRef] [PubMed]
7. Su, Y.; Zhang, J.; Tang, Y.; Bi, F.; Liu, J.N. The Novel Function of Nesfatin-1: Anti-Hyperglycemia. Biochem. Biophys. Res. Commun.

2010, 391, 1039–1042. [CrossRef]
8. Könczöl, K.; Pintér, O.; Ferenczi, S.; Varga, J.; Kovács, K.; Palkovits, M.; Zelena, D.; Tóth, Z.E. Nesfatin-1 Exerts Long-Term Effect

on Food Intake and Body Temperature. Int. J. Obes. 2012, 36, 1514–1521. [CrossRef]
9. Dore, R.; Levata, L.; Gachkar, S.; Jöhren, O.; Mittag, J.; Lehnert, H.; Schulz, C. The Thermogenic Effect of Nesfatin-1 Requires

Recruitment of the Melanocortin System. J. Endocrinol. 2017, 235, 111–122. [CrossRef]
10. Dore, R.; Krotenko, R.; Reising, J.P.; Murru, L.; Sundaram, S.M.; Di Spiezio, A.; Müller-Fielitz, H.; Schwaninger, M.; Jöhren,

O.; Mittag, J.; et al. Nesfatin-1 Decreases the Motivational and Rewarding Value of Food. Neuropsychopharmacology 2020, 45,
1645–1655. [CrossRef]

11. Lefner, M.J.; Wanat, M.J. Nesfatin-1 Puts the Brakes on Reward-Based Feeding. Neuropsychopharmacology 2020, 45, 1591–1592.
[CrossRef]

12. Price, T.O.; Samson, W.K.; Niehoff, M.L.; Banks, W.A. Permeability of the Blood-Brain Barrier to a Novel Satiety Molecule
Nesfatin-1. Peptides 2007, 28, 2372–2381. [CrossRef]

13. Goebel-Stengel, M.; Wang, L.; Stengel, A.; Taché, Y. Localization of Nesfatin-1 Neurons in the Mouse Brain and Functional
Implication. Brain Res. 2011, 1396, 20–34. [CrossRef] [PubMed]

14. Erlanson-Albertsson, C. How Palatable Food Disrupts Appetite Regulation. Basic Clin. Pharmacol. Toxicol. 2005, 97, 61–73.
[CrossRef]

15. Zegers, D.; Beckers, S.; de Freitas, F.; Jennes, K.; Van Camp, J.K.; Mertens, I.L.; Van Hoorenbeeck, K.; Rooman, R.P.; Desager, K.N.;
Massa, G.; et al. Identification of Mutations in the NUCB2/Nesfatin Gene in Children with Severe Obesity. Mol. Genet. Metab.
2012, 107, 729–734. [CrossRef] [PubMed]

16. Zegers, D.; Beckers, S.; Mertens, I.L.; Van Gaal, L.F.; Van Hul, W. Association between Polymorphisms of the Nesfatin Gene,
NUCB2, and Obesity in Men. Mol. Genet. Metab. 2011, 103, 282–286. [CrossRef] [PubMed]

17. Chen, Y.Y.; Chan, R.M.E.; Tan, K.M.L.; Poh, L.K.S.; Loke, K.Y.; Wang, J.P.; Li, H.; Hu, Y.H.; Wang, L.; Lee, K.O.; et al. The
Association of a Nucleobindin 2 Gene (NUCB2) Variant with Childhood Adiposity. Gene 2013, 516, 48–52. [CrossRef]

18. Agüera, Z.; Lozano-Madrid, M.; Mallorquí-Bagué, N.; Jiménez-Murcia, S.; Menchón, J.M.; Fernández-Aranda, F. A Review of
Binge Eating Disorder and Obesity. Neuropsychiatrie 2021, 35, 57–67. [CrossRef]

19. Mehler, P.S.; Frank, G.K.W.; Mitchell, J.E. Medical Comorbidity and Medical Complications Associated with Binge-Eating Disorder.
Int. J. Eat. Disord. 2016, 49, 319–323. [CrossRef]

https://doi.org/10.1038/nrn3745
https://doi.org/10.1016/j.tics.2010.11.001
https://www.ncbi.nlm.nih.gov/pubmed/21109477
https://doi.org/10.3945/jn.108.097618
https://www.ncbi.nlm.nih.gov/pubmed/19176746
https://doi.org/10.1515/enr-2017-0006
https://www.ncbi.nlm.nih.gov/pubmed/28222022
https://doi.org/10.1038/nature05162
https://www.ncbi.nlm.nih.gov/pubmed/17036007
https://doi.org/10.1530/JOE-16-0361
https://www.ncbi.nlm.nih.gov/pubmed/27754932
https://doi.org/10.1016/j.bbrc.2009.12.014
https://doi.org/10.1038/ijo.2012.2
https://doi.org/10.1530/JOE-17-0151
https://doi.org/10.1038/s41386-020-0682-3
https://doi.org/10.1038/s41386-020-0695-y
https://doi.org/10.1016/j.peptides.2007.10.008
https://doi.org/10.1016/j.brainres.2011.04.031
https://www.ncbi.nlm.nih.gov/pubmed/21555116
https://doi.org/10.1111/j.1742-7843.2005.pto_179.x
https://doi.org/10.1016/j.ymgme.2012.10.014
https://www.ncbi.nlm.nih.gov/pubmed/23141462
https://doi.org/10.1016/j.ymgme.2011.03.007
https://www.ncbi.nlm.nih.gov/pubmed/21459029
https://doi.org/10.1016/j.gene.2012.12.017
https://doi.org/10.1007/s40211-020-00346-w
https://doi.org/10.1002/EAT.22452


Biomedicines 2024, 12, 451 10 of 11

20. Caroleo, M.; Carbone, E.A.; Arcidiacono, B.; Greco, M.; Primerano, A.; Mirabelli, M.; Fazia, G.; Rania, M.; Hribal, M.L.;
Gallelli, L.; et al. Does NUCB2/Nesfatin-1 Influence Eating Behaviors in Obese Patients with Binge Eating Disorder? Toward a
Neurobiological Pathway. Nutrients 2023, 15, 348. [CrossRef]

21. Iwasa, T.; Matsuzaki, T.; Tungalagsuvd, A.; Munkhzaya, M.; Yiliyasi, M.; Kuwahara, A.; Irahara, M. Developmental Changes in
the Hypothalamic mRNA Levels of Nucleobindin-2 (NUCB2) and Their Sensitivity to Fasting in Male and Female Rats. Int. J. Dev.
Neurosci. 2016, 49, 46–49. [CrossRef]

22. Nasri, A.; Unniappan, S. Nucleobindin-Derived Nesfatin-1 and Nesfatin-1-like Peptide Stimulate pro-Opiomelanocortin Synthesis
in Murine AtT-20 Corticotrophs through the CAMP/PKA/CREB Signaling Pathway. Mol. Cell. Endocrinol. 2021, 536, 111401.
[CrossRef] [PubMed]

23. Zhang, T.; Wang, M.; Liu, L.; He, B.; Hu, J.; Wang, Y. Hypothalamic Nesfatin-1 Mediates Feeding Behavior via MC3/4R-ERK
Signaling Pathway after Weight Loss in Obese Sprague-Dawley Rats. Peptides 2019, 119, 170080. [CrossRef] [PubMed]

24. Chen, X.; Shu, X.; Cong, Z.K.; Jiang, Z.Y.; Jiang, H. Nesfatin-1 Acts on the Dopaminergic Reward Pathway to Inhibit Food Intake.
Neuropeptides 2015, 53, 45–50. [CrossRef] [PubMed]

25. Ari, M.; Ozturk, O.H.; Bez, Y.; Oktar, S.; Erduran, D. High Plasma Nesfatin-1 Level in Patients with Major Depressive Disorder.
Prog. Neuropsychopharmacol. Biol. Psychiatry 2011, 35, 497–500. [CrossRef] [PubMed]

26. Hofmann, T.; Weibert, E.; Ahnis, A.; Obbarius, A.; Elbelt, U.; Rose, M.; Klapp, B.F.; Stengel, A. Alterations of Circulating
NUCB2/Nesfatin-1 during Short Term Therapeutic Improvement of Anxiety in Obese Inpatients. Psychoneuroendocrinology 2017,
79, 107–115. [CrossRef] [PubMed]

27. Greenway, F.L.; Fujioka, K.; Plodkowski, R.A.; Mudaliar, S.; Guttadauria, M.; Erickson, J.; Kim, D.D.; Dunayevich, E. Effect of
Naltrexone plus Bupropion on Weight Loss in Overweight and Obese Adults (COR-I): A Multicentre, Randomised, Double-Blind,
Placebo-Controlled, Phase 3 Trial. Lancet 2010, 376, 595–605. [CrossRef]

28. Apovian, C.M.; Aronne, L.; Rubino, D.; Still, C.; Wyatt, H.; Burns, C.; Kim, D.; Dunayevich, E.; COR-II Study Group. A
Randomized, Phase 3 Trial of Naltrexone SR/Bupropion SR on Weight and Obesity-Related Risk Factors (COR-II). Obesity 2013,
21, 935–943. [CrossRef]

29. Hollander, P.; Gupta, A.K.; Plodkowski, R.; Greenway, F.; Bays, H.; Burns, C.; Klassen, P.; Fujioka, K.; COR-Diabetes Study Group.
Effects of Naltrexone Sustained-Release/Bupropion Sustained-Release Combination Therapy on Body Weight and Glycemic
Parameters in Overweight and Obese Patients with Type 2 Diabetes. Diabetes Care 2013, 36, 4022–4029. [CrossRef]

30. Carbone, E.A.; Caroleo, M.; Rania, M.; Calabrò, G.; Staltari, F.A.; de Filippis, R.; Aloi, M.; Condoleo, F.; Arturi, F.; Segura-Garcia,
C. An Open-Label Trial on the Efficacy and Tolerability of Naltrexone/Bupropion SR for Treating Altered Eating Behaviours and
Weight Loss in Binge Eating Disorder. Eat. Weight Disord. 2021, 26, 779–788. [CrossRef]

31. Gadde, K.M.; Allison, D.B.; Ryan, D.H.; Peterson, C.A.; Troupin, B.; Schwiers, M.L.; Day, W.W. Effects of Low-Dose, Controlled-
Release, Phentermine plus Topiramate Combination on Weight and Associated Comorbidities in Overweight and Obese Adults
(CONQUER): A Randomised, Placebo-Controlled, Phase 3 Trial. Lancet 2011, 377, 1341–1352. [CrossRef]

32. World Medical Association, W. Wma Declaration of Helsinki–Ethical Principles for Medical Research Involving Human Subjects.
Available online: https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-
involving-human-subjects/ (accessed on 8 January 2024).

33. First, M.B.; Williams, J.B.W.; Karg, R.S.; Spitzer, R.L. Structured Clinical Interview for DSM-5 Disorders—Clinician Version (SCID-5-
CV); American Psychiatric Association: Washington, DC, USA, 2016.

34. Fairburn, C.G.; Beglin, S.J. Assessment of Eating Disorder Psychopathology: Interview or Self-Report Questionnaire. Int. J. Eat.
Disord. 1994, 16, 363–370. [CrossRef]

35. Beck, A.T.; Ward, C.H.; Mendelson, M.; Mock, J.; Erbaugh, J. An Inventory for Measuring Depression. Arch. Gen. Psychiatry 1961,
4, 561–571. [CrossRef]

36. Spielberger, C.; Gorsuch, R.; Lushene, R. STAI Manual for the State-Trait Anxiety Inventory; Consulting Psychologists Press: Palo
Alto, CA, USA, 1970.

37. Gormally, J.; Black, S.; Daston, S.; Rardin, D. The Assessment of Binge Eating Severity among Obese Persons. Addict. Behav. 1982,
7, 47–55. [CrossRef]

38. Aloi, M.; Rania, M.; De Fazio, P.; Vinai, P.; Tagliabue, A.; Allison, K.C.; Segura-Garcia, C.; Segura-García, C. Validation of the
Italian Version of the Night Eating Questionnaire (I-NEQ). J. Psychopathol. 2017, 23, 137–144.

39. Aloi, M.; Rania, M.; De Fazio, P.; Segura-Garcia, C. Italian Validation of the Grazing Questionnaire: Analysis of Psychometric
Properties. Minerva Psichiatr. 2017, 58, 196–202. [CrossRef]

40. Aloi, M.; Rania, M.; Rodríguez Muñoz, R.C.; Jiménez Murcia, S.; Fernández-Aranda, F.; De Fazio, P.; Segura-Garcia, C. Validation
of the Italian Version of the Yale Food Addiction Scale 2.0 (I-YFAS 2.0) in a Sample of Undergraduate Students. Eat. Weight.
Disord.-Stud. Anorex. Bulim. Obes. 2017, 22, 527–533. [CrossRef] [PubMed]

41. Valbrun, L.P.; Zvonarev, V. The Opioid System and Food Intake: Use of Opiate Antagonists in Treatment of Binge Eating Disorder
and Abnormal Eating Behavior. J. Clin. Med. Res. 2020, 12, 41–63. [CrossRef] [PubMed]

42. Billes, S.K.; Sinnayah, P.; Cowley, M.A. Naltrexone/Bupropion for Obesity: An Investigational Combination Pharmacotherapy
for Weight Loss. Pharmacol. Res. 2014, 84, 1–11. [CrossRef] [PubMed]

https://doi.org/10.3390/nu15020348
https://doi.org/10.1016/j.ijdevneu.2016.01.003
https://doi.org/10.1016/j.mce.2021.111401
https://www.ncbi.nlm.nih.gov/pubmed/34302909
https://doi.org/10.1016/j.peptides.2019.04.007
https://www.ncbi.nlm.nih.gov/pubmed/31260713
https://doi.org/10.1016/j.npep.2015.07.004
https://www.ncbi.nlm.nih.gov/pubmed/26299312
https://doi.org/10.1016/j.pnpbp.2010.12.004
https://www.ncbi.nlm.nih.gov/pubmed/21163317
https://doi.org/10.1016/j.psyneuen.2017.02.021
https://www.ncbi.nlm.nih.gov/pubmed/28273586
https://doi.org/10.1016/S0140-6736(10)60888-4
https://doi.org/10.1002/oby.20309
https://doi.org/10.2337/dc13-0234
https://doi.org/10.1007/s40519-020-00910-x
https://doi.org/10.1016/S0140-6736(11)60205-5
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://doi.org/10.1002/1098-108X(199412)16:4%3C363::AID-EAT2260160405%3E3.0.CO;2-%23
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1016/0306-4603(82)90024-7
https://doi.org/10.23736/S0391-1772.17.01948-3
https://doi.org/10.1007/s40519-017-0421-x
https://www.ncbi.nlm.nih.gov/pubmed/28780748
https://doi.org/10.14740/jocmr4066
https://www.ncbi.nlm.nih.gov/pubmed/32095174
https://doi.org/10.1016/j.phrs.2014.04.004
https://www.ncbi.nlm.nih.gov/pubmed/24754973


Biomedicines 2024, 12, 451 11 of 11

43. Wang, R.; Wang, J.; Wan, X. Association of the Polymorphism in Nucleobindin 2 Gene and the Risk of Metabolic Syndrome. Genet.
Test. Mol. Biomark. 2016, 20, 49–52. [CrossRef]

44. Schalla, M.A.; Unniappan, S.; Lambrecht, N.W.G.; Mori, M.; Taché, Y.; Stengel, A. NUCB2/Nesfatin-1—Inhibitory Effects on Food
Intake, Body Weight and Metabolism. Peptides 2020, 128, 170308. [CrossRef] [PubMed]

45. Yoshida, N.; Maejima, Y.; Sedbazar, U.; Ando, A.; Kurita, H.; Damdindorj, B.; Takano, E.; Gantulga, D.; Iwasaki, Y.; Kurashina, T.;
et al. Stressor-Responsive Central Nesfatin-1 Activates Corticotropin-Releasing Hormone, Noradrenaline and Serotonin Neurons
and Evokes Hypothalamic-Pituitary-Adrenal Axis. Aging 2010, 2, 775–784. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1089/gtmb.2015.0194
https://doi.org/10.1016/j.peptides.2020.170308
https://www.ncbi.nlm.nih.gov/pubmed/32229144
https://doi.org/10.18632/aging.100207
https://www.ncbi.nlm.nih.gov/pubmed/20966530

	Introduction 
	Materials and Methods 
	Participants 
	Procedures and Assessment 
	General and Eating Psychopathological Measures 
	Patient Genotyping Analysis 
	Treatment Program 
	Data Analysis 

	Results 
	Sample Description 
	Treatment Response 
	Influence of rs757081 NUCB2 Polymorphism on Treatment Response 

	Discussion 
	Conclusions 
	References

