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Neurological and psychiatric disorders can occur in endocrine diseases either in the setting 
of the clinical manifestations of the same (i.e., hyper- or hyposecretion of hormones or 
peptides from the endocrine glands) or as events secondary to the pathogenetic mechanisms 
of the endocrinopathy (i.e., autommunity affecting endocrine glands and the brain). Also 
the medical or surgical treatment of the endocrine disease can sometimes determine the 
occurrence of neurological or psychiatric abnormalities. Moreover some genetic alterations 
can lead to syndromes affecting both the endocrine and the nervous system with a variety 
of possible manifestations. In the last couple of decades a number of associations between 
dysfunctions of the endocrine system and neurological or psychiatric manifestations have 
appeared and only in the minority of the cases this link has been fully elucidated. Often 
the neurological or psychiatric alterations still represent a relevant challenge for clinicians 
with regard to the management of the patients. The complexity of the topic and the limited 
availability of laboratory research models for the study of the endocrine system-nervous 
system cross-interaction are making the scientific progresses intricate and, sometimes, slow. A 
dedicated focus to such broad and often still obscure topic might help and clarify the current 
state-of-the-art in the field and direct the goals of future research.
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In the last few decades, a number of reciprocal associations between endocrine system dysfunctions
and neurological or psychiatric manifestations have appeared, and only in the minority of the
cases this link has been fully elucidated (1). Unfortunately, the complexity, and sometimes also
the severity, of the clinical issues and the limited availability of reliable experimental models
for the study of the endocrine system–nervous system cross-interactions do not help the fast
achievement of scientific progresses.

Isolated neurological or psychiatric symptoms as well as more complex disorders can occur in
the setting of most endocrine diseases. Such manifestations can be the direct result of hyper- or
hyposecretion of hormones from the endocrine glands or may occur as events secondary to the
pathogenic mechanisms of the endocrinopathy, like in the case of autoimmunity affecting both
endocrine glands and the brain (2). Moreover, the medical or surgical treatment of endocrine
diseases can sometimes determine the occurrence of neurological or psychiatric syndromes. Some
genetic aberrations can also lead to conditions affecting both the endocrine and the nervous system
with a variety of possible manifestations. On the other side, many psychiatric or neurological
diseases, including but not limiting to conditions, which affect the hypothalamus or the pituitary
gland, may impair the physiological endocrine functions and demonstrate once again the intricate
complexity of the psychoneuroendocrine connection.

Covering all basic, translational, and clinical aspects in a single Research Topic on the “Neuro-
logical and psychiatric disorders in endocrine diseases” cannot be realistically feasible. The scope
is simply raising a number of interesting points from experts in the field to bring a contribution
to the knowledge and maybe direct future research in this very intriguing area. Thus, we have
collected reviews and original research articles, which may speak to a wide audience, including
neurologists, psychiatrists, endocrinologists, and basic scientists in neuroscience, endocrinology,
and metabolism.

In the clinical area, an interesting study assesses the plasma levels of the muscle-derived hormone
irisin in anorexic women, without finding any significant correlation between irisin level and phys-
ical exercise (3). Another fascinating study analyzes the complexity of psychiatric and personality
disorders in women with polycystic ovary syndrome, highlighting the issue of psychological distress
in this patient group (4). A comprehensive picture of gender dysphoria, a psychiatric condition,
which requires endocrine management, in Ireland is presented (5). In a short review, the most
relevant reproductive, neurodevelopmental, and genetic aspects of hypogonadotropic hypogonadal
syndromes are outlined (6). A German study indicates that psychopathology significantly predicts
quality of life in patients with acromegaly and suggests that depressive symptoms and anxiety, being
modifiable factors, may represent relevant targets for a broad treatment intervention in acromegalic
patients (7). In a concise review, the psychiatric alterations, the neurocognitive impairment, and the
altered quality of life affecting at some extent the majority of the patients with Cushing’s syndrome
are summarized, and the authors highlight that resolution of hypercortisolism, a challenging and
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non-granted achievement, does not always lead to the complete
remission of the neuropsychiatric changes or restore the quality
of life (8). With an incursion in the surgical field, the compli-
cations potentially affecting the laryngeal nerves during thyroid
surgery are extensively reviewed, suggesting that still the inci-
dence of laryngeal nerves damage secondary to thyroid surgery
cannot be suppressed but may be maintained in a low range with
thorough surgical techniques and the use of intraoperative neu-
romonitoring (9). Three articles address the complex interactions
between metabolism and neuropsychiatric symptoms. The first

one focuses on biological differences between restrictive anorexia
nervosa and constitutional thinness, a controversial concept to
describe young girls who follow a normal diet and differ from
restrictive anorexia nervosa on a number of endocrine param-
eters (10). At the opposite of the spectrum, the second one
reviews the role of inflammatory processes in the neuropsychi-
atric comorbidity associated with obesity (11). Finally, the last
one summarizes the fascinating link through ghrelin peptides
between appetite/reward/growth hormone axis and psychiatric
disorders (12).
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A corrigendum on

Editorial: Neurological and psychiatric disorders in endocrine diseases
by Tamagno G, Epelbaum J (2015). Front Endocrinol 6:75. doi: 10.3389/fendo.2015.00075

We have added the following correction to the Editorial article, now including a reference to Kern
et al. “Apo-ghrelin receptor (apo-GHSR1a) regulates dopamine signaling in the brain.”

Four articles address the complex interactions between metabolism and neuropsychiatric symp-
toms. The first one focuses on biological differences between restrictive anorexia nervosa and
constitutional thinness, a controversial concept to describe young girls who follow a normal diet and
differ from restrictive anorexia nervosa on a number of endocrine parameters (10). At the opposite
of the spectrum, the second one reviews the role of inflammatory processes in the neuropsychiatric
comorbidity associated with obesity (11). The third one summarizes the fascinating link through
ghrelin peptides between appetite/reward/growth hormone axis and psychiatric disorders (12).
Finally, the last one proposes a molecular mechanism through allosteric interactions between
dopamine/DRD2 and GHSR1 receptors for controlling appetite and the uncontrollable hyperphagia
associated with Prader–Willi syndrome (13).

Addition of reference:
13. Kern A, Grande C, Smith RG. Apo-ghrelin receptor (apo-GHSR1a) regulates dopamine signaling in the brain. Front

Endocrinol (2014) 5:129. doi:10.3389/fendo.2014.00129
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Irisin was recently identified as muscle-derived hormone that increases energy expendi-
ture. Studies in normal weight and obese subjects reported an increased irisin expres-
sion following physical activity, although inconsistent results were observed. Increased
physical activity in a subgroup of patients with anorexia nervosa (AN) complicates
the course of the disease. Since irisin could account for differences in clinical out-
comes, we investigated irisin levels in anorexic patients with high and moderate physical
activity to evaluate whether irisin differs with increasing physical activity. Hospitalized
female anorexic patients (n=39) were included. Plasma irisin measured by enzyme-
linked immunosorbent assay and locomotor activity were assessed at the same time.
Patients were separated into two groups (n=19/group; median excluded): moderate
and high activity (6331±423 vs. 13743±1047 steps/day, p < 0.001). The groups did
not differ in body mass index (14.2±0.4 vs. 15.0±0.4 kg/m2), irisin levels (558.2±26.1
vs. 524.9±25.2 ng/ml), and body weight-adjusted resting energy expenditure (17.6±0.3
vs. 18.0±0.3 kcal/kg/day, p > 0.05), whereas body weight-adjusted total energy expen-
diture (46.0±1.4 vs. 41.1±1.1 kcal/kg/day), metabolic equivalents (METs, 1.9±0.1 vs.
1.7±0.1 METs/day), body weight-adjusted exercise activity thermogenesis (1.8±0.5 vs.
0.6±0.3 kcal/kg/day), duration of exercise (18.6±4.7 vs. 6.2±3.1 min/day), and body
weight-adjusted non-exercise activity thermogenesis (21.6±1.0 vs. 18.8±0.8 kcal/kg/day)
were higher in the high activity compared to the moderate activity group (p < 0.05). No
correlations were observed between irisin and activity parameters in the whole sample
(p > 0.05). In conclusion, the current data do not support the concept of irisin being induced
by exercise, at least not under conditions of severely reduced body weight like AN.

Keywords: brown adipose tissue, energy expenditure, exercise, FNDC5, myokine, SenseWear™ armband

INTRODUCTION
Irisin is a recently identified muscle-derived hormone produced by
cleavage from fibronectin type III domain containing 5 (FNDC5)
(1). The expression of FNDC5 is induced by the peroxisome
proliferator-activated receptor γ (PPARγ) coactivator 1α (PGC-
1α) that has been demonstrated to play an important role in the
expression of uncoupling protein 1 (UCP1), a key factor of ther-
mogenesis in brown adipose tissue (2). Irisin drives the browning
of subcutaneous white adipose tissue by stimulating the expres-
sion of UCP1 in beige fat cells (1). These beige fat cells have been
shown to be a cell type distinct from white or brown fat cells
being located in white adipose tissue (3) and exhibiting properties
of brown adipose tissue which – for long thought to exist only
in newborns – was recently also detected in adult humans (4, 5)
and demonstrated to be activated in response to cold exposure
(4). Besides its occurrence in skeletal muscle, irisin was detected –
although in much smaller quantities – in several human tissues
containing smooth muscle as well as heart muscle, and organs
including liver, kidney, and lung (6). Additionally, this peptide is
also present in adipose tissue (7, 8) and rodent cerebellar Purkinje

cells (9). Lastly, irisin was detected in the circulation (1, 6, 10, 11)
with decreased levels in patients with type 2 diabetes mellitus (10).

In their initial study, Boström et al. described an increase of
circulating irisin levels following physical activity in mice and in
male subjects after a 10-week endurance exercise program (1). In
a subsequent study, elevated circulating irisin levels were observed
following acute exercise consisting of 80-m sprints, while this effect
was weakened after a 8-week sprint training program completed
by young healthy men (6). However, one study detected a mod-
est 30% higher FNDC5 mRNA expression only in a subgroup of
older male subjects after an endurance training program com-
pared to sedentary controls, whereas no changes were observed in
a large sample of younger adults (12). While data on an exercise-
dependent production of irisin in muscle and its secretion into the
circulation are inconsistent in humans, an association of plasma
irisin levels with body mass index (BMI) seems to be a robust
finding. Extending the results of a previous study that showed a
trend toward a correlation of circulating irisin with BMI in sub-
jects with a BMI range from 20 to 48 kg/m2 (6), we previously
reported a positive correlation of plasma irisin levels with BMI
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over a very broad spectrum of body weights with BMIs ranging
from 8 to 85 kg/m2 as well as positive associations with fat mass
(FM), fat-free mass (FFM), and body cell mass (BCM) (11). One
previous study on the association of irisin and energy expenditure
reported that irisin levels correlated with 24-h energy expenditure
measured by indirect calorimetry in overweight and obese post-
menopausal women only in a subgroup of subjects whose energy
expenditure was higher than predicted by an FFM-based equation
(13), whereas it did not hold true when the whole sample was
analyzed.

In light of these data, more research is needed in order to
characterize the regulation of irisin under conditions of differ-
ent activity patterns and to establish its possible role as a novel
muscle-derived and exercise-induced hormone. In contrast to its
potentially beneficial effect as health-promoting hormone in over-
weight or obese patients, the role as an exercise-induced and
energy-dissipating myokine might be an additional biological
mechanism explaining worse clinical prognosis and higher relapse
rates of hyperactive anorexic subjects. Furthermore, anorexia ner-
vosa (AN) might be viewed as a mirror image of obesity and
thus investigation of this disease likely contributes to the under-
standing of weight disorders in general. Therefore, in the present
cross-sectional study we investigated the relationship of circulat-
ing irisin levels with measures of physical activity and different
aspects of energy expenditure in anorexic patients, since subjects
suffering from AN are known to display very different activity pat-
terns encompassing a relevant subgroup of hyperactive in contrast
to moderately active patients (14–16).

SUBJECTS AND METHODS
SUBJECTS
We recruited 39 anorexic female inpatients at admission to their
treatment in the Division for General Internal and Psychoso-
matic Medicine at Charité – Universitätsmedizin Berlin. Inclusion
criteria were a BMI of <18 kg/m2 and fulfillment of ICD-10 (Inter-
national Statistical Classification of Diseases and Related Health
Problems of the World Health Organization, 10th revision) criteria
(17) for typical or atypical AN. Atypical AN is defined as a disorder
meeting some criteria of the typical form (BMI below 17.5 kg/m2,
self-induced weight loss, body image distortion, and endocrine
disorder most often reflected by secondary amenorrhea) without
fulfilling all key symptoms (17). The restricting subtype of AN
according to the fourth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) differs from the purging
subtype by the absence of binge-eating or purging behavior such as
self-induced vomiting or misuse of appetite suppressants, thyroid
hormones or laxatives, diuretics, and enemas (18).

According to their locomotor activity, anorexic patients were
separated into two groups by dividing the patients at the median
step count resulting in a moderate activity and a high activ-
ity group (n= 19/group, one patient with the median value was
excluded). Additionally, since the restricting subtype was shown to
be associated with excessive exercise (19, 20), calculations were also
performed for three subgroups of AN: typical restricting, typical
purging, and atypical AN.

Patients with current pregnancy or psychotic disorders and an
age of <18 years were excluded. The investigations were conducted

according to the Declaration of Helsinki. All patients gave writ-
ten informed consent and the study was approved by the insti-
tutional ethics committee of the Charité – Universitätsmedizin
Berlin (protocol number: EA1/114/10).

LABORATORY ANALYSIS OF IRISIN PLASMA LEVELS
All blood samples were collected from a forearm vein between 7
and 8 a.m. after an overnight fast during the period of the data
collection on physical activity. Participants were allowed to drink
small amounts of water but were advised not to smoke or exercise
before blood withdrawal. The blood was collected in pre-cooled
EDTA tubes prepared with aprotinin (1.2 Trypsin Inhibitory Unit
per 1 ml blood; ICN Pharmaceuticals, Costa Mesa, CA, USA) for
peptidase inhibition. The tubes were placed back on ice imme-
diately after blood withdrawal and then centrifuged at 4°C for
10 min at 3000× g. Plasma was separated and stored at −80°C
until further processing. At the day of the measurement, sam-
ples were diluted 1:10 and irisin plasma levels were analyzed
using a commercial enzyme-linked immunosorbent assay (ELISA,
catalog # EK-067-16, Phoenix Pharmaceutical, Inc., Burlingame,
CA, USA). All samples were processed in one batch (intra-assay
variability <5%).

MEASUREMENTS AND CALCULATION OF ACTIVITY AND ENERGY
EXPENDITURE
Weight and height were assessed on the day of the blood col-
lection. Weight was measured to the nearest 0.1 kg and height
to the nearest 0.5 cm. The BMI was calculated as kilogram per
square meter. Physical activity data were continuously measured
for 3 days (Friday to Sunday) during inpatient treatment using
a portable armband device (SWA; SenseWear™ PRO3 armband;
BodyMedia, Inc., Pittsburgh, PA, USA). One day was included in
the data analysis if the minimum duration of data acquisition was
20 h and 30 min/day. Patients were not activity restricted during
the measurement. Activity displayed by individuals is suggested to
be affected only in part deliberately with a high predictive value of
the activity level under sedentary conditions for daily life activity
(21). Although activity patterns under conditions of hospitaliza-
tion might differ from those in daily life, activity habits are likely
to persist during inpatient treatment if activity is not restricted
due to a genetic influence on physical activity (22).

The SWA uses a multisensory array including sensors measur-
ing heat flux, galvanic skin response, skin temperature, near-body
ambient temperature, and a two-axis accelerometer. Step counts
were measured by the accelerometer and directly taken for analy-
ses. Obtained data were analyzed using a generalized proprietary
algorithm developed by the manufacturer (SenseWear™ Software,
Version 6.1, BodyMedia, Inc.) and prepared for statistical analysis.

Total energy expenditure (TEE) consists of resting energy
expenditure (REE), thermic effect of food (TEF), and activity
thermogenesis. Activity thermogenesis can be further separated
into the two components exercise-related activity thermogenesis
(EAT, deliberate physical exercise, sports) and non-exercise activ-
ity thermogenesis (NEAT, spontaneous daily physical activity)
(23). Energy expenditure of more than five metabolic equiva-
lents (METs) of a task (a physiological measure expressing the
energy cost of physical activities) was classified as EAT, whereas
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energy expenditure of up to five METs was classified as NEAT
adapting the findings of Ainsworth et al. (24) and as described
before by our group (25). While TEE, EAT, and duration of
exercise were directly received from the proprietary algorithms
of the SWA, NEAT was calculated according to the equation:
NEAT=TEE−TEF−REE− EAT. TEF was estimated as 10% of
TEE and calculated as TEE× 0.1 (26). REE, required for calcu-
lation of NEAT, was calculated using weight-/group-specific REE
prediction equations provided by Müller et al. (27) since REE
cannot be directly determined by the SWA.

STATISTICAL ANALYSIS
Distribution of the data was determined by using the Kolmogorov–
Smirnov test. Data are expressed as mean± SEM. Differences
between groups were calculated using the t -test. For the com-
parison of the subtypes of AN differences between groups were
calculated using one-way analysis of variance (ANOVA) followed
by Tukey post hoc test. Correlations were determined by Pear-
son’s or Spearman’s analysis depending on the distribution of
the data. Differences between groups were considered signifi-
cant when p < 0.05. All statistical analyses were conducted using
SigmaStat 3.1.

RESULTS
IRISIN PLASMA LEVELS DO NOT DEPEND ON ACTIVITY AND ENERGY
EXPENDITURE
Per definition, the moderate activity and the high activity group
differed significantly in the number of steps performed per day
(p < 0.001; Figure 1A). However, irisin plasma levels were not dif-
ferent between these two groups (p= 0.37; Figure 1B). Associated
with the higher activity, significant differences were observed for
METs per day (p= 0.03; Figure 1C) and body weight-adjusted TEE
(p= 0.009; Figure 1D) with higher values in the high compared
to the moderate activity group. No differences were detected for
body weight-adjusted REE (p= 0.38; Figure 1E), whereas dura-
tion of exercise (p= 0.03; Figure 1F) or body weight-adjusted EAT
(p= 0.03; Figure 1G) and body weight-adjusted NEAT (p= 0.03;
Figure 1H) were higher in the high activity compared to the
moderate activity group.

In the whole sample no correlation was observed between
plasma irisin levels and the number of steps as a measure of
activity (Figure 2A), the amount of METs (Figure 2B) and
other parameters of energy expenditure, namely body weight-
adjusted TEE (Figure 2C), body weight-adjusted REE (Figure 2D),
body weight-adjusted EAT (Figure 2E), and body weight-adjusted
NEAT (Figure 2F).

IRISIN PLASMA LEVELS SHOW A NEGATIVE CORRELATION WITH
COMPONENTS OF ENERGY EXPENDITURE IN PATIENTS WITH
RESTRICTING TYPE ANOREXIA NERVOSA ONLY
After division of the sample into subgroups according to the type
of AN, namely purging type (n= 10), restricting type (n= 20),
and atypical (n= 9) AN, the three groups did not differ in terms
of age and BMI (p > 0.05; Table 1). As shown in Table 1, no differ-
ences among these three groups were observed for irisin, number
of steps per day, METs per day, and the different components of
energy expenditure (p > 0.05).

When investigating the three subgroups separately, irisin levels
showed a negative correlation with the number of steps per day,
duration of exercise, and body weight-adjusted EAT in patients
with restricting type AN (p < 0.05; Table 2), whereas no corre-
lations of plasma irisin and components of energy expenditure
were observed for the subgroups of purging type and atypical AN
(p > 0.05; Table 2).

DISCUSSION
Irisin is a newly defined myokine that increases energy expenditure
by stimulating the expression of UCP1 and thus the browning of
white adipose tissue (1). In addition, it has been shown that irisin
plasma levels are increased in response to different types of exer-
cise (1, 28, 29). Consequently, irisin was proposed to mediate some
of the health-promoting effects of physical activity. In turn, irisin
could be an additional biological mechanism contributing to the
course of the disease and therefore the prognosis in highly active
patients suffering from AN (30, 31). However, in rejection of our
initial hypothesis, we did not detect differences in irisin plasma lev-
els between anorexic patients with high vs. moderate locomotor
activity as determined by average daily step count. When investi-
gating the whole cohort, we also did not observe any correlations
of circulating irisin with physical activity, TEE or other parame-
ters of energy expenditure, in particular EAT. Several points could
contribute to this lack of correlation of irisin with measures of
locomotor activity and energy expenditure in our study.

First, Timmons et al. reported that they failed to detect a strong
increase of the irisin precursor, FNDC5 after exercise in a pop-
ulation of younger adults, whereas only in a subgroup of older
subjects an increase of FNDC5 mRNA expression after exercise
was observed (12). Since our data were collected in a population
of young patients with a mean age of 27, the results could under-
line the hypothesis that exercise-related effects on irisin expression
are associated with age and only (or predominantly) observed in
elderly subjects.

Second, irisin is a cleavage product of FNDC5 expressed mainly
in skeletal muscle. Irisin plasma levels have been shown to be asso-
ciated with biceps circumference as a marker of muscle mass (6,
11). In addition, using bioelectrical impedance analysis (BIA) in a
previous study, we showed a positive correlation of irisin with FFM
and BCM (the measure best reflecting muscle mass using BIA)
(11). Since patients suffering from AN have greatly diminished
muscle mass as a consequence of malnutrition and weight loss,
the total muscle mass might be too low in our patient population
(BCM 15.54± 0.43 kg; FFM 37.02± 0.66 kg) to detect differences
in the levels of the circulating myokine, irisin.

Third, in line with our finding of a lacking association between
energy expenditure and circulating irisin, one recent study did not
detect a correlation of plasma irisin levels with 24-h energy expen-
diture in post-menopausal women when assessed in a metabolic
chamber (13). Subjects in this and our study are in a state of down-
regulated sexual hormones that could contribute to the results.
Another explanation could be that only exercise with respect to a
defined acute or repetitive physical training program exerts signif-
icant effects on irisin muscle expression or plasma levels, whereas
chronic changes in exercise do not. This might be due to counter-
regulatory adaptive changes that have to be further investigated.
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FIGURE 1 | Parameters of energy expenditure in anorexic patients with
moderate and high physical activity. Per definition, the high activity group
showed a higher number of steps compared to the moderate activity group
(A). Irisin levels did not differ between the two groups (B). The metabolic
equivalents per day (C) as well as body weight-adjusted total energy
expenditure (D) were higher in the high compared to the moderate activity

group, while no differences were observed for body weight-adjusted resting
energy expenditure (E). Duration of exercise (F), body weight-adjusted
exercise activity thermogenesis (G), and body weight-adjusted non-exercise
activity thermogenesis (H) were higher in the high compared to the moderate
activity group. Data are expressed as mean±SEM. *p < 0.05, **p < 0.01,
and ***p < 0.001 in the high vs. moderate activity group (n=19/group).

In addition, since irisin has been shown to initiate the browning
of white adipose tissue and thereby eliciting an additional energy-
dissipating effect (1, 3), the existence of a reasonable amount of
beige adipocytes would be crucial to mediate these effects. How-
ever, little is known about the existence of brown and beige adipose
tissue in fat-deprived anorexic subjects. The activity of brown fat
has been reported to be inversely correlated with BMI with reduced
activity in overweight or obese compared to lean young male sub-
jects (4). However, a more recent study did not detect brown fat

activity in anorexic patients, whereas it was detectable in constitu-
tionally lean (average BMI 16.2 kg/m2) subjects (32). The absence
of brown (or beige) fat activity could therefore be another factor
contributing to the lacking correlation of irisin with components
of energy expenditure.

Fourth, parameters of physical activity were measured using
the SenseWear™ armband device shown to be the best esti-
mate of energy expenditure when comparing several monitors
of physical activity in healthy volunteers under regular daily life
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FIGURE 2 | Correlations between circulating irisin concentrations and number of steps per day (A), metabolic equivalents per day (B), body
weight-adjusted total energy expenditure (C), body weight-adjusted resting energy expenditure (D), body weight-adjusted exercise activity
thermogenesis (E), and body weight-adjusted non-exercise activity thermogenesis (F). Values for r and p are indicated in each graph, n=39 patients.

conditions (33). When compared with predictive equations (34),
the SenseWear™ armband device and the doubly labeled water
method have shown sufficient concordance for the assessment of
resting and TEE in healthy volunteers and in overweight subjects
with type 2 diabetes mellitus (35, 36). However, this comparison
is still pending for subjects with reduced body weight. Therefore,
the SenseWear™ armband device might have limitations for the
use in anorexic patients. In addition, the measurement method
of irisin could contribute to the lacking correlation of physical
activity and circulating irisin. Erickson recently commented on
the missing validity of the antibodies used to detect irisin in the
existing studies since a quantitative western blot analysis has not
been conducted yet and thus questioned the results on circulating
irisin published so far (37). However, the antibody by Phoenix
used in the present study seems to be the most suitable to date
since it detects an amino acid sequence that is part of the cleaved

irisin protein (full cross-reactivity with amino acids 42–112 of the
112-amino acid polypeptide irisin, while no cross-reactivity was
observed with the C-terminal parts of the irisin precursor FNDC5
amino acids 149–196 and 162–209, manufacturer’s information).
This contrasts with other antibodies that were raised against the
transmembrane sequence of FNDC5 (1, 8) unlikely to occur in the
circulation.

Lastly, a recent study suggested that the human FNDC5 gene
differs from other species by a mutation in the start codon
sequence (38) which may result in a lower translation efficiency
(39) and consequently could explain difficulties to translate animal
data to humans.

After investigating the whole cohort, we separated the study
population according to the type of anorexia (purging type,
restricting type, and atypical) since there is evidence for differ-
ences in excessive exercise in these subtypes of AN (19, 20, 40,
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Table 1 | Parameters of energy expenditure according to the subtype of anorexia nervosa.

Parameter Group

Purging type AN (n = 10) Restricting type AN (n = 20) Atypical AN (n = 9)

Age (years) 28.6±3.1 27.8±2.4 25.4±1.7

Body mass index (kg/m2) 14.1±0.7 14.3±0.4 15.7±0.6

Irisin (ng/ml) 578.5±41.5 522.8±21.8 536.9±38.6

Number of steps per day 11011±2195 9804±939 9307±1567

METs per day 1.85±0.12 1.83±0.04 1.80±0.08

TEE (kcal/kg/day) 43.7±2.7 43.4±0.9 43.9±2.1

REE (kcal/kg/day) 17.7±0.4 17.9±0.3 18.0±0.2

Duration of exercise (min/day) 17.5±8.9 9.7±2.4 12.4±6.2

EAT (kcal/kg/day) 1.8±1.0 0.9±0.2 1.2±0.6

NEAT (kcal/kg/day) 19.8±1.5 20.3±0.8 20.2±1.7

Data are expressed as mean±SEM, p > 0.05. AN, anorexia nervosa; EAT, exercise activity thermogenesis; MET, metabolic equivalent; NEAT, non-exercise activity

thermogenesis; REE, resting energy expenditure; TEE, total energy expenditure.

Table 2 | Correlation of irisin with parameters of energy expenditure according to the subtype of anorexia nervosa.

Parameter Group

Purging type AN (n = 10) Restricting type AN (n = 20) Atypical AN (n = 9)

Number of steps per day r =−0.055; p=0.865 r =−0.465; p=0.039* r =0.283; p=0.434

METs per day r =−0.043; p=0.892 r =−0.171; p=0.464 r =0.332; p=0.356

TEE (kcal/kg/day) r =−0.139; p=0.681 r =−0.251; p=0.280 r =0.333; p=0.356

REE (kcal/kg/day) r =−0.091; p=0.785 r =0.000; p=0.997 r =−0.317; p=0.381

Duration of exercise (min/day) r =−0.006; p=0.973 r =−0.524; p=0.018* r =0.151; p=0.676

EAT (kcal/kg/day) r =−0.018; p=0.946 r =−0.519; p=0.019* r =0.150; p=0.676

NEAT (kcal/kg/day) r =−0.127; p=0.707 r =−0.147; p=0.529 r =0.367; p=0.308

AN, anorexia nervosa; EAT, exercise activity thermogenesis; MET, metabolic equivalent; NEAT, non-exercise activity thermogenesis; REE, resting energy expenditure;

TEE, total energy expenditure. Values for r and p are indicated in each row, *p < 0.05.

41). However, irisin levels and all other parameters of energy
expenditure assessed did not differ between these groups. Simi-
larly to the whole sample, in the subgroups purging and atypical
AN, no correlation was observed between irisin levels and any
parameter of energy expenditure. However, when investigating
the patients with restricting type AN separately, irisin levels neg-
atively correlated with the number of steps per day and body
weight-adjusted EAT which may indicate that this subgroup is a
more homogeneous population of patients. This negative asso-
ciation is unexpected and in contrast to the reported positive
association of exercise and circulating irisin for normal and over-
weight subjects (1, 6, 28). The present finding may point toward a
differential regulation of irisin in patients with restricting type
AN (n= 20) but should be confirmed in a larger cohort of
patients.

In summary, irisin plasma levels do not differ in anorexic
patients with moderate activity from those with high locomotor
activity. Moreover, no association was observed for plasma irisin
levels with various parameters of energy expenditure assessed
under unrestricted conditions of physical activity in hospitalized
patients. Therefore, the current data do not support the concept

of irisin being induced by exercise, at least not under conditions of
severely reduced body weight like AN. Thus, it is also unlikely that
irisin contributes to exceeding energy expenditure in highly active
anorexic patients. Further studies are needed to clarify whether the
lacking correlation of irisin and physical activity described here is
due to a missing association of irisin and exercise under conditions
of reduced body weight per se or because of a unique characteristic
of anorexic patients.
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Background: Polycystic ovary syndrome (PCOS) is the most prevalent endocrine disorder
among fertile women. Studies show reduced quality of life, anxiety, depression, body dis-
satisfaction, eating disorder, and sexual dysfunction, but the etiology of these disturbs
remains still debated. The aim of our study is to verify whether this hyperandrogenic
syndrome characterizes a strong psycho(patho)logical personality.

Method: Sixty PCOS subjects (mean age 25.8±4.7 years) were evaluated by anthropo-
metric, metabolic, hormonal, clinical, and psychological parameters. After the certainty of
the diagnosis of PCOS, the Rorschach test, according to Exner’s comprehensive system
(CS) and the Millon Clinical Multiaxial Inventory-III (MCMI-III) were administered to each
patient. The control group, on which the comparison was carried out, was composed by
40 healthy and aged compared women who were exclusively administered the Rorschach
test according to CS.

Results: MCMI-III evidenced axis II DSM-IV personality disorders [4.1% schizoid, depres-
sive, sadistic, negativistic (passive–aggressive), and masochistic, 6.1% avoiding, 12.2%
dependent, 20.4% histrionic, 16.3% narcissistic, 2.0% obsessive–compulsive], and axis I
DSM-IV psychiatric disorders: 10.2% anxiety, 2.0% somatoform disorder and bipolar dis-
order, 16.3% major depressive disorder. Finally, we found 44.9% delusional disorder and
4.1% thought disorder. Rorschach test’s results show 53.1% reduced coping abilities and
social skills, 55.1% depression, 30.6% perceptual distortion and cognitive slippage, 24.5%
constantly alert and worry, 8.1% at risk for suicide, and finally about 50% of our patients
had chronic stress.

Conclusion: PCOS women have relevant personality and psychiatric disorders, when
compared with normal subjects.

Keywords: polycystic ovary syndrome, personality, Rorschach, MCMI-III, psychopathology, personality disorder,
psychiatric disorder

INTRODUCTION
Polycystic ovary syndrome (PCOS) is a heterogeneous gyneco-
logical endocrine disorder, characterized by chronic anovulation,
hyperandrogenism, and hyperinsulinism with insulin resistance,
which affects about 6–10% of women in reproductive age (1–3)
and profoundly affects the quality of life of these subjects (4, 5). In
fact, this hyperandrogenic syndrome is frequently characterized by
hirsutism, acne, alopecia, obesity, and irregular periods with infer-
tility and it is often treated as cosmetic problem. The existence of
a linkage between these latter clinical features and reduced qual-
ity of life was frequently suggested in several researches (6–8).
Other studies evidenced how physical symptoms caused mental
disorders, but depression and anxiety seem to be independent of
obesity and infertility, the most frequent symptoms of PCOS (9,
10). Also, the relationship between androgen excess and mood

remains still controversial because clinical and biochemical para-
meters of hyperandrogenism seem not directly cause of depression
(11). Again, diagnosis of PCOS was related to negative feelings,
such as frustration (67%), anxiety (16%), and sadness (10%),
although the (self-reported) level of knowledge about the ill-
ness was high and the women were aware that PCOS can be
treated and is not a deadly disease (12). Other authors reported
reduced scores in the sub-categories of perception about health in
general, physical performances, general behavior, and limitations
in family activities due to the “girls’ disease” (12). At the same
time, higher scores were reported in the rating of health condi-
tions, during the diagnostic pathway and above all the treatment
period, further supporting a dependent effect between clinical fea-
tures and psychological aspects. In different manner, several data
obtained in PCOS subjects reported that differences for the QoL
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are more related to the subjective perception of the illness’s seri-
ousness rather than to the clinical seriousness of the illness itself.
These data, therefore, suggest that a subjective feeling of discom-
fort might be totally unrelated to the clinical picture, although
objectively recorded. Again, other psychological aspects, such as
depression (8, 13), and/or anxiety (14, 15), have been empha-
sized in PCOS, but only few articles analyzed women’s personality
structure (16). In women with PCOS, Sahingoz et al. (17) assessed
a high prevalence of psychiatric and personality disorders, about
29.0 and 14.0%, respectively. They also reported 9.6% of mood
and 26.0% of anxiety disorders, 13.7% of social phobia, 11.0% of
generalized anxiety, and 12.3% of avoidant personality disorders,
according to DSM-IV axis I and II Diagnostic Criteria, respectively.
Again, Patients with borderline personality disorders, diagnosed
by SCID for DSM-IV, about 30.0% was affected by PCOS (18).
Personality disorders seem to be characterized by the tendency to
exhibit a tenuous stability, or lack of resilience, under conditions of
stress, by the inflexibility to adapt and by vicious cycles that repeats
once again their pathology. Again, the interaction of psychosocial
stressors and personality characteristics leads to the expression of
psychological symptoms, that is, axis II and axis IV interact to
produce axis I. Since no studies used Rorschach test or Millon
Clinical Multiaxial Inventory to analyze the personality structure
of subjects with PCOS, we believe it is useful to carefully study
and develop the personality aspects related to this hyperandro-
genic syndrome, as well as the psychopathological ones. Moreover,
to minimize the influence of diagnostic and therapeutic pathways,
we only studied young women, with comparable social and school
conditions, undergoing for the first time to the endocrine evalua-
tion for clinical features of hyperandrogenism and/or disorders of
menstrual cycle.

This study was performed in collaboration with the Division
of Endocrinology, Department of Internal Medicine of St. Orsola-
Malpighi Hospital, University of Bologna, and with the Clinical
Medical 3 of Health Centre/Hospital-University of Padua, on the
white patients coming from the northern provinces of Italy.

PATIENTS AND METHODS
SUBJECTS RECRUITMENT
Sixty Caucasian women, all of Italian origin, affected by certain
diagnosis of PCOS, were enrolled to participate in this research
study: 30 subjects from the Endocrinology Unit of St. Orsola-
Malpighi Hospital – University of Bologna and 30 subjects from
the Clinical Medical 3 of Health Centre/Hospital-University of
Padua. For all patients, it was the first time they turned to a Public
Health Institution to resolve their hyperandrogenic symptoms.

All women were hyperandrogenic (clinical presence of hir-
sutism with Ferriman–Gallwey score >8, acne or alopecia and/or
elevated androgen levels: testosterone (T ) > 2.1 nmol/L and or
androstenedione (A) > 10.4 nmol/L or Free Androgen Index > 5
[FAI=Testosterone(nmol/L)/SHBG(nmol/L)× 100] and met the
diagnosis of PCOS, according to the Rotterdam criteria (19). Ovar-
ian ultrasound findings were performed by transvaginal or tran-
srectal pelvic ultrasound (US ESAOTE F.U.5, Probe of 6.5 MHz,
Milan, Italy) and PCO diagnosis were considered according to pre-
vious criteria (20). All subjects were no-smokers, no dieting, had
a normal glucose tolerance test and performed normal physical

activities, none drank alcoholic beverages or took any continuous
medications. According to PCOS diagnostic criteria, none had thy-
roid dysfunction, hyperprolactinemia, type 2 diabetes mellitus or
concomitant cardiovascular, renal, and liver dysfunctions. Other
causes of hyperandrogenism, such as Cushing syndrome/disease
and congenital adrenal hyperplasia, were excluded, after noc-
turnal fasting, by basal and/or stimulated (0.25 mg Synacthen®
iv, Biofutura Pharma S.p.A., Pomezia, Rome) plasma 17-OH-
progesterone levels. At the beginning of the study, the insulin resis-
tance and hyperinsulinism were, respectively, evaluated by using
the homeostatic model assessment (HOMA-ir) [(fasting glucose
(mmol/L)× fasting insulin (mIU/L)/22.5; n.v. <1.9 in our control
group of at least 200 normal healthy subjects (data not shown)]
and the 3-h oral glucose tolerance test (OGTT; 75 g of glucose)
for plasma glucose, insulin, and C-peptide levels. Whole-body
insulin sensitivity was calculated by using the insulin sensitivity
index derived from the OGTT (ISICOMPOSITE n.v. >6.0) accord-
ing to Matsuda and DeFronzo (21) considering normo-sensitive
subjects with values higher than 6.0 and low-sensitive those with
values lower than 4.0, respectively.

All women were studied in the follicular phase (days 1–7) of
the cycle, or after 2 or more months of amenorrhea, after a neg-
ative pregnancy test. After this diagnostic pathway, but before
of any pharmacological treatment, at each subject was admin-
istered the Millon Clinical Multiaxial Inventory-III (MCMI-III)
(22). The MCMI-III has been adapted to the Italian popula-
tion by a research group, which has involves the Universities of
Milan-Bicocca, Rome-La Sapienza, and Padua, coordinated by
Prof. Alessandro Zennaro, University of Turin, Italy (23, 24). We
used Millon words to explain personality disorder and clinical
syndrome.

In a subsequent day, for the first time in subject affected by
PCOS, Rorschach, which is considered a scientific, valid, and reli-
able projective test to assess personality, was administered accord-
ing to the Exner’s comprehensive system (CS), once adapted to
Italian population (24). The protocol was approved by the Local
Ethics Committee of both Padua and Bologna Hospital, and all
women gave their informed consent approval to collaborate with
this research. Eleven women invalidated the Rorschach protocols
because they have not given a sufficient number of answers in the
first tables, so the original group of the patients was reduced to
49 patients. All subjects aged from 19 to a maximum of 39 years
(25.80± 4.27 years), with comparable social and school degree
(from 13 to 18 years of school). Forty five women, with age (from
19 to 41 years; 25.2± 6.0), social, and school degree comparable,
were selected from a total of 2.500 records present in our data-
base, and considered as control group. Each control subject had a
normal menstrual cycle, was not hirsute, not taking any drugs or
abusing alcohol, did not smoke, and was matched to the subjects
with PCOS for body weight and age. Anonymity was assured to
each patient and names were substituted by an alphanumerical
progression.

TESTS AND SELECTION OF VARIABLES
The tests chosen for the personality analysis of the sample were (a)
the Rorschach Test administered, scored, and interpreted accord-
ing to the Exner’s CS (23, 24); and (b) The MCMI-III (22) is
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composed by 175 true/false items with 28 scales of which 14 refer
to personality disorders and 10 refer to clinical syndromes and the
remaining 4 refer to test validity indices. In MCMI-III scoring sys-
tem vary from 1 to 115 with a median score of 60 base rate (BR),
scores of 85 or above evidence a personality disorder, according to
DSM-IV axis II classification and/or the prominence of a clinical
syndrome, according to DSM-IV axis I diagnosis (24, 25). Ital-
ian version of MCMI-III shows good internal validity (Cronbach’s
alpha range for subscales= 0.66–0.90) and test-retest reliability
(r = 0.84–0.96) (23). The Rorschach tables were administered,
scored, and interpreted according to the Exner’s CS (24, 26, 27). It
was decided to select, besides the 27 variables proposed by Exner
and Andronikof-Sanglade (28) and by Bihlar and Carlsson (29),
further variables that we consider useful FD, SumT, SumC′, SumV,
SumY, Sum Shading, Sum Color Shading Blends, Sum Shading
Shading Blends, Wsum6, and An+Xy. Taking a cue from the work
of Sultan et al. (30), conducted on patients with mellitus diabetes
(IDDM), we wished to also consider part of their proposed indices.

LABORATORY AND PLASMA ASSAYS
Glucose was measured by using the glucose oxidase method
(Gluco-Quant®; Roche Diagnostics GmbH, Mannheim Ger-
many), its detection limit was 0.11 mmol/L. Insulin by means
of the two-site chemiluminescent immunometric immunoassay
(Immulite 2000; Diagnostic Products Corporation, Los Ange-
les, CA, USA) and its analytic sensibility was 2.0 µIU/mL. The
intra- and inter-assay coefficients of variation (CVs) were <5.5
and 7.3%, respectively. LH, FSH, and E2 were measured by a
competitive immunoassay with the use of an electrochemilu-
minescence immunoassay (ECLIA; Roche Diagnostics GmbH,
Mannheim, Germany). Analytic sensibility of LH and FSH was
0.2 and 0.34 UI/L, respectively, whereas for E2 was 0.05 pmol/L.
The intra- and inter-assay CVs were 1.8 and 5.2% for LH, 2.0
and 5.3% for FSH, 5.7 and 6.2% for E2, respectively. Testosterone,
DHEA-s, 17-OHP, and A, after celite column chromatographic
separation, were assayed as previously described (31). Serum T
and DHEA-s were further measured by competitive immuno-
metric chemiluminescent enzyme immunoassay (Immulite 2000;
Diagnostic Products Corporation, Los Angeles, CA, USA). The
detection limit was 0.35 nmol/L for T and 0.08 µmol/L for DHEA-
s, respectively, the inter- and intra-assay CVs were below 7.4%
for T and below 6% for DHEA-s. A and OHP were measured
by using an enzyme-linked immunosorbent assay, ELISA (DRG
Instruments GmbH, Marburg, Germany) and their detection limit
was 0.6 nmol/L for A and 0.18 nmol/L for OHP, respectively, with
intra- and inter-assay CVs <9.1 and 12.1% for A and 7.8 and
9.4% for OHP, respectively. SHBG was measured by using two-site
chemiluminescent immunometric assay (Immulite 2000; Diag-
nostic Products Corporation, Los Angeles, CA, USA), its analytic
sensibility was 0.8 nmol/L with intra- and inter-assay CVs <5.3
and 6.6%, respectively.

ANALYSIS OF THE DATA
The anthropometric and hormonal data were reported as
mean± SD. All continuous variables were compared using the
Student’s t -test for unpaired data. Glycometabolic and hormonal

data from PCOS and control groups were compared and ana-
lyzed with repeated measures by ANOVA. Mann–Whitney U test
and Wilcoxon paired rank test were also used for evaluating the
distribution of non-parametric values. Values for p < 0.05 were
considered significantly different.

For an in-depth approach to the psychological investigation
of our samples, we carried out the following analyses – com-
parison of the BR points obtained from the administration of
MCMI-III under the original norms proposed by Millon et al. (22);
statistical comparison of the average values of the Rorschach vari-
ables selected with the most recent norms proposed by Exner and
Erldberg (26) through the use of confidence intervals (CI 95%);
statistical percentage comparison of the threshold values of the
same variables with those proposed by Exner (25), ambitent sub-
ject, non-patient norms. The reference to the descriptive statistics
of the ambitent subjects is justified by the confirmation that, on
average, this coping style is representative of the M: WSumC rela-
tionship present in the PCOS sample (M = 2.25: SumC= 4.133).
Comparison of Rorschach Indices [suicide constellation (S-Con),
coping deficit index (CDI), depression index (DEP-I), perceptual-
thinking index (PTI), schizophrenia index (SCZI), hypervigilance
index (HVI)] obtained from subjects with PCOS were done with
those obtained from control group recorded in our database.

RESULTS AND DISCUSSION
Auxological and endocrine–metabolic parameters of our sub-
jects are summarized in Table 1. As expected, hyperandrogenic
parameters were elevated in women affected by PCOS and signifi-
cantly different when compared with Control group. In particular,
LH/FSH ratio and serum androgens, above all testosterone, were
significantly higher in PCOS than in Controls. Also, metabolic
parameters and insulin resistance were significantly elevated in
patients with PCOS, whereas, as expected by the enrollment cri-
teria, body weight (calculated as BMI) did not differ between the
groups.

When we analyzed personality disorders scales, by MCMI-III,
in PCOS group, we observed that several diseases, diagnosed in
according to DSM-IV axis II, reached percentage significantly
higher than in controls. In Figure 1, in fact, we summarized the

Table 1 | Characteristics of women with PCOS and healthy controls.

PCOS (n=49) Control (n=45) p

AGE (years) 25.8±4.7 25.2±5.9 n.s

BMI (kg/m2) 27.6±4.8 24.9±4.4 n.s

Waist (cm) 78.2±6.8 69.5±3.7 <0.05

PRL (µg/L) 23.0±8.6 11.9±5.3 <0.05

LH/FSH (ratio) 2.80±0.4 1.09±0.2 <0.02

DHEA-S (µmol/L) 7.01±2.5 5.50±3.34 n.s

17-OH-P (nmol/L) 2.68±0.46 1.46±0.38 <0.05

A (nmol/L) 12.7±1.2 6.08±0.71 <0.02

T (nmol/L) 2.96±0.2 0.85±0.3 <0.005

E2 (pmol/L) 123±26 104±34 n.s.

SHBG (nmol/L) 24.6±7.9 54.7±13.6 <0.03

FAI (free androgen index) 12.0±1.33 1.55±0.6 <0.005

HOMA-ir 2.46±0.42 1.45±0.36 <0.05
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Scaruffi et al. Personality disorders in PCOS

FIGURE 1 |The incidence of traits and of personality disorders
(DSM-IV axis II) recorded through MCMI-III in personality scales
(BR≥75 is personality trait; BR≥85 is disorder) (22). Legend: Sc,
schizoid; A, avoidant; Dp, depressive; De, dependent; H, histrionic;

N, narcissistic; An, antisocial; S, sadistic; C, compulsive; Ne,
negativistic; M, masochistic; Sy, schizotypal; B, borderline;
P, paranoid; ap < 0.05 vs. Cont; bp < 0.01vs. Cont; cp < 0.005
vs. Cont.

most important personality disorders in PCOS group compared
with those observed in the control group. However, whether this
increased incidence of personality disorders in patients affected by
PCOS can be considered a link with clinical signs of hyperandro-
genism remain at present unclear. In fact, the majority of studies
showed a linkage between psychological disorders and major clin-
ical PCOS symptoms, such as excessive body hairs, acne, infertility,
or excessive body weight (4–6, 10, 13, 32, 33). Our results, in con-
trast, indicated that an intrinsic psychopathological characteristic
of PCOS can be really consistent. According to our hypothesis,
there are only three articles (17, 18, 34) that evidenced personality
disorders in patients affected by PCOS, diagnosed by Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV). However,
these latter studies recorded lower percentage of psychological
disorders, when compared with our data, so suggesting that a het-
erogeneous expression of the same psychopathological diseases
can exist in PCOS or it was assessed a heterogeneous pool of sub-
jects affected by PCOS, therefore, further studies that consider the
same Diagnostic Criteria for PCOS and a more numerous group

of person are needed. When we considered the results of clinical
syndrome scales, diagnosed according to DSM-IV axis I Crite-
ria, we also found several clinical psychopathological disorders,
as summarized in Figure 2. The most representative disorders
were anxiety (about 10.0%) and depression (about 16.0%). These
analyses, in fact, seem to confirm recent data obtained in PCOS
patients (17), which showed a frequent finding of psychiatric dis-
orders. Interesting to note that in our sample we didn’t observe
neither alcohol addiction nor drug addiction or post-traumatic
stress disorders. Because, we also observed different incidences
(from 30.0% to about 70%) of psychopathological diseases, such
as anxiety, mood, or thought disorders, using different psychome-
tric test, it can be also suggested that different clinical expressions
of psychopathological diseases can exist in PCOS. Also, other
data, analyzed by different questionnaires, confirmed a prevalent
expression of anxiety and depression, further suggesting that an
elevated rate of mental illness in these hyperandrogenic patients
(11, 14, 35). Again, Klipstein et al. (36) evidenced a rate of about
30.0% of bipolar disorder types I and II and Rassi (37) of about
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FIGURE 2 |The incidence of clinical disorders scales (DSM-IV axis I)
(BR > 75) and of full blown clinical syndromes (BR > 85) recorded
through MCMI-III (22). Legend: anxiety; Somat, somatoform; bipolar;
Dysthy, dysthymia; Tho Dis, thought disorder; Major Dep, major depression;
Delu Dis, delusional disorder.

11.0% of patients, respectively. Our data are in agreement with
these latter results, so further evidencing that women with PCOS
had a rate of mental illness several times higher (three to five-
fold), when compared with normal population. However, the
absence of rigorous diagnostic criteria of PCOS can not exclude
an enrollment of heterogeneous groups of patients, so reducing
the diagnostic capacity and, of consequent, the percentage of psy-
chopathological diseases in the PCOS per se. Results of Rorschach
test, obtained from our patients, are summarized in Table 2 and
Figure 3. We used as control a group of 45 healthy Italian subjects
already recorded in our database and gently provided by Zennaro
(23). We used this trick because in Italy, at present, there are no
any data about this pathology.

Using a statistical comparison (Student’s t -test for independent
groups) between the samples of patients and the control group, we
have evidenced significant differences among several variables, as
showed in Table 2. Calculating Cohen’s d, the effect size (statis-
tically significant >0.6) underlined a high effect for 10 of these
variables: WSum6, AdjD, ego impairment index (EII), MOR, Pop-
ular, Shading Blends, SumT, SumV, Sum Shading e Sum6. Our
data show an important deficit in cognitive functions (MEDIA-
TION and IDEATION clusters). Cohen’s d underlines as “high
effects” (≥0.6) of the following variables: X+%, WSum6, AdjD,
COP, GHR, Popular, SumV, SumY, Sum Shading, and Sum6. The
following variables, WSum6, SumV, Sum Shading, Sum6, are sig-
nificantly higher. The variables, X+%, COP, GHR, Popular, were
significantly lower, while AdjD was actually negative. All these data
evidenced that in subjects with PCOS exists a massive reality dis-
tortion (XA%, X−%, X+%, EII, PTI index, and SCZI index)
with incoherent and disorganized thoughts (Sum6 and Wsum6),
failures in the ability to judge, bizarre, or magical ideations and
with interpersonal communication difficulties. PTI was positive
for 30.6% of patients as well as SCZI for 20.4% of our sam-
ple, therefore, we can underline as “daily life” is really difficult
for the majority of our patients affected by PCOS, because mis-
perception leads to behavior often inappropriate in social life.
Again, a large proportion (63.3%) of patients (X−% > 0.25)
were displayed serious perceptual inaccuracies, stressing therefore
how the reality was not adequately perceived because emotions

distorted it (X−%, X+%). Again, 42.9% of subjects (Xu%= 0.2)
were anti-conformism, displaying a tendency to originality, but
53.1% (Populars≤ 4) rejected conventional models, so adopt-
ing behaviors not socially adequate and/or accepted. Ninety-two
percent of subjects with PCOS (X+% <0.70) showed a percep-
tion of the situations and words in an unusual manner. About
four (4.1) % (Populars≥ 8) of our sample was exaggerated in
conformism. These latter patients usually need a positive social
judgment and they need the approval of other people. In our
sample, 26.5% (lambda < 0.30) had an inadequate control over
emotions that interfere with logical functions. EII showed seri-
ous impairment in 38.8% of the sample, moderate in 18.4%,
average in 8.2%, and slight in 24.5% (X−%, Sum6, WSum6
and EII higher, XA%, WDA%, X+% lower). Only 10.0% of
women analyzed, had a normal, non-pathological values. Accord-
ing all these results, we evidenced that our patients had really
difficulties in organizing the stimulus when they face the real-
ity, so forcing them to use more psychic energy than needed
(WDA < XA%). However, in our study about 12.2% of patients
(12 subjects) ignored the complexity of the reality and tended to
simplistic situations and interpersonal relationships. Again, 40.8%
were very self-involved (Egoindex≥ 0.45) and about 30% built
up their own self-esteem, by considering themselves better than
others (Fr+Rf= 1). This focus on self could be detrimental in
the interpersonal relationship and could contribute to reality dis-
tortion. Our data seem to confirm Willmott’s results (38) that
evidenced as women with PCOS exhibit a lack of control over
their own lives’ events. Considering the CDI, we found it posi-
tive for 53.1% of the patients (vs. 29% of the controls), revealing
a deficit in coping abilities, and consequently interpersonal rela-
tionships were superficial and rarely maintained. Also, social skills
appeared to be reduced (CDI, EA) and interpersonal relationships
were perceived as unsatisfying. About thirty (30.6) % of PCOS
sample had a damaged and negative interpersonal relationship
representation (PHR higher). Interactions of personal situations
were perceived as not cooperative, but in a hostile manner. All of
this creates, in our patients, a state of chronic stress, which was
reflected in a cognitive slippage. More than 50% of our patients
resulted depressed (DEP-I positive) and with a percentage signifi-
cantly higher than observed in controls (55.1 vs. 25.0% controls).
Unexpectedly, 8.1% of patients with PCOS (vs. 6% of the con-
trols) were at risk for suicide (S-Con positive, MOR= 2, FD > 2,
Shadings). These latter results were in agreement with previous
studies that underlined how this psychopathological tendency was
more frequently observed in women with PCOS (35). However,
at present, whether suicide can be cause or effect of high level
of discomfort induced by clinical or psychological signs, or both,
remains still unknown. In expected manner, several authors (39,
40) reported a high prevalence of negative self image and poor
body image in subjects with PCOS. Also, in our PCOS group,
with respect of controls, we evidenced a significant higher, about
18.0%, a self image damaged (MOR= 2). Again, about 45% of
patients had an exaggerated introspective behavior (FD≥ 2) that
it could became a pathological self criticism and a ruminative
thinking. This point of view is important, because women with
PCOS had a negative and pessimistic view of themselves; therefore,
they had constant need of reassurance about their own value
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Scaruffi et al. Personality disorders in PCOS

Table 2 | Comparison between PCOS and control groups using t -test for independent samples.

Rorschach variables PCOS group (n=49) Control group (n=45) T p Cohen’s d

Mean±SD Mean±SD

Age 25.80±4.27 24.80±6.77

R 21.59±6.68 23.35±8.170

Lambda 0.606±0.5576 0.5728±0.4800

FQM− 0.88±1.3 1.18±1.279

FQS− 1.12±1.39 1.63±1.628

FD 0.92±0.91 1.35±1.562

XA% 69.94±12.27 71.35±12.949

WDA% 75.06±12.62 73.45±11.964

X+% 42.45±13.24 47.58±13.769 −1.777 0.079 −0.37

Xu% 27.45±1.49 23.78±9.983

X−% 28.49±11.99 27.78±3.318

S−% 16.57±21.51 22.98±22.273

WSum6 23.55±13.27 11.43±10.77 4.759 0.000 1.003

WSumC 4.133±2.345 3.338±2.092

EA 6.684±3.556 7.888±3.888

ES 12.22±6.28 11.68±5.25

D −1.73±2.09 −1.15±1.46

AdjD −0.96±1.65 −0.30±1.159 −2.212 0.030 −0.464

Afr 0.445±0.1605 0.488±0.1281

EGO index 0.42±0.1685 0.4432±0.1792

EII 1.213±1.0866 0.489±1.1050 3.099 0.003 0.66

AG 0.20±0.50 0.45±0.815

MOR 0.86±1.17 2.05±1.867 −3.515 0.001 −0.763

COP 0.51±0.94 0.98±1.121 −2.092 0.040 −0.454

GHR 2.12±1.55 3.98±1.790 −5.156 0.000 −1.110

PHR 3.47±2.61 3.70±2.44

POP 4.20±2.09 5.63±1.917 −3.338 0.001 −0.712

Blends 5.67±0.44 5.58±3.727

Color Sh. blends 1.41±1.31 1.00±1.320

Shading Sh. blends 1.06±1.34 0.33±0.829 3.166 0.002 0.653

SumC′ 3.08±2.26 2.53±1.894

SumT 1.43±1.34 0.75±0.776 2.986 0.004 0.621

SumV 1.65±1.70 0.70±0.966 3.319 0.001 0.686

SumY 2.53±1.95 1.88±2.174

Sum shading 8.69±4.85 5.85±4.123 2.990 0.004 0.631

Fr+Rf 0.71±0.87 0.83±1.130

IsoIndex 0.226±0.1222 21.28±12.649

Sum6 7.02±3.53 3.68±2.99 4.842 0.000 1.021

Intell 2.59±2.04 2.85±2.842

An+Xy 1.96±0.3 0.90±1.215 2.783 0.007 0.576

Schizo index 2.88±1.48 2.68±1.70

PTI 1.80±1.41 1.63±1.59

HVI 2–8 2.29±1.53 3.23±2.057 −2.398 0.019 −0.518

DEP-I 4.73±1.22 4.25±1.214 1.869 0.065 0.394

CDI 3.33±1.3 2.90±1.128

S-Con 5.88±1.18 5.40±1.736

and had serious problems of establishing intimate relationship
(18.4% Fr+Rf≥ 2). In our patients, we recorded about 25% of
the samples (vs. 7% of healthy and normal subjects) constantly
in alert (HVI) and consequently worried, therefore, this mood

justifies how the majority part of the subjects examined, about
64% of PCOS, lived with a constant state of anxiety (SumY≥ 2).
It was interesting to underline that similar results were obtained
both in depressed patients and in subjects with juvenile diabetes
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Scaruffi et al. Personality disorders in PCOS

FIGURE 3 |The percentage in the sample of positive results to
Rorschach indices (S-Con≥8, CDI≥4, DEP-I≥5, PTI≥3, SCZI≥4,
HVI≥4 ifT =0). Legend: S-Con, suicide constellation; CDI, copy deficit
index; DEP-I, depression index; PTI, perceptual-thinking index; SCZI,
schizophrenia index; HVI, hypervigilance index; ap < 0.05; bp < 0.01;
cp < 0.002.

mellitus type I (30). And again, it was suggested that the obser-
vation of Monzani et al. (41) who emphasized how in subjects
affected by PCOS scores of somatization, anxiety, and depres-
sion variables reached higher values when compared with normal
people. At the same time, these authors interestingly did not
observe any relevant psychopathological disorders, but differently
noticed that the subjects tend to hidden and/or clear behaviors
typical of the opposite gender. Moreover, the same women tended
to conform themselves to social standards, so probably reduc-
ing the perception of their “diversity.” Our data, therefore, seem
to confirm these results that report how ill women have altered
body self-perception, sexual intimacy, sexual dissatisfaction, and
the strong opinion that their partners’ sex life is as unsatisfac-
tory as their own, so indicating that PCOS is perceived as a real
disease (42).

About 60% of PCOS women experienced painful emotions and
high sense of insecurity, confusion, and ambivalence in relation
to emotions (Color Shading Blends > 1 in 69.4% and Shading
Blends > 1 in 61.2%), showed a low self-esteem (36.7% with
Egoindex < 0.32), and feel anxious, tense, nervous, and irritable
(more than 71.0% showed FQS-higher). All these data evidenced
that these women did not tolerate frustration and they were impul-
sive (D < 0). About 70.0% was feared to affective stimuli and avoid
them (Afr lower) and experienced discomfort with introspection,
because feelings of inferiority and depressed feelings (SumV≥ 1).
We observed that many of the samples (69.4%) did not use intellec-
tualization (Intell > 3) as a defense mechanism against affects, but
tended to avoid (Afr) situations where they were generated. Since
several patients affected by PCOS tended to isolate themselves,
to refuse interpersonal relationships, to present social phobia, or
tended to be worried and keep at a certain emotional distance
from others, it can be concluded that these subject are not very
interested in interpersonal relationship. However, our results, in
different manner, evidenced that about 60% of patients tended to
actively research contact and interpersonal relationships (Isoin-
dex < 0.25). Because, we studied a group of young patients, with

the majority of them in a period of university study, where the
interpersonal contacts are very high, we cannot exclude that we
have enrolled a group of patients with different social or cultural
impact.

CONCLUSION
Our results clearly highlight that in our patients, affected by PCOS,
exist mood and severe thought disorders with perceptual distor-
tion in about half of subjects. In this hyperandrogenic syndrome,
women have elevated dysphoric feelings, chronic emotional stress,
and several difficulties in social skills and daily life. In our group
of patients, to attenuate an important painful emotional overload,
many avoid interpersonal relationships and emotional inputs.
Again, intimate relationships can often cause fear and frustration.
All these conditions suggest that the characteristics of psycholog-
ical suffering in PCOS can constitute a distinguishing element,
which, for some aspects, appears to be so represented and shared
by the sample as to be promoted to a proper diagnostic indicator.
We also underline that the knowledge of these psychopatho-
logic aspects may ameliorate the doctor–patient interaction and
relationship with a desirable improvement on the medical exam-
ination, sensibility, and probably reaching greater adherence to
diagnostic and medical therapy.
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Introduction: Gender dysphoria (GD) is a condition in which there is a marked incongru-
ence between an individual’s psychological perception of his/her sex and their biological
phenotype. Gender identity disorder was officially renamed “gender dysphoria” in the
DSM-V in 2013. The prevalence and demographics of GD vary according to geographical
location and has not been well-documented in Ireland.

Methods: We retrospectively reviewed medical records of 218 patients with suspected or
confirmed GD referred to our endocrine service for consideration of hormonal therapy (HT)
between 2005 and early 2014.We documented their demographics, clinical characteristics,
and treatment during the study period.

Results: The prevalence of GD in the Irish population was 1:10,154 male-to-female (MTF)
and 1:27,668 female-to-male (FTM), similar to reported figures in Western Europe. 159 of
the patients were MTF and 59 were FTM, accounting for 72.9% and 27.1% of the cohort,
respectively. The rate of referral has increased year-on-year, with 55 patients referred in
2013 versus 6 in 2005. Mean ages were 32.6 years (MTF) and 32.2 years (FTM). 22 of
the patients were married and 41 had children, with 2 others having pregnant partners.
37.6% were referred by a psychologist, with the remainder evenly divided between GPs
and psychiatric services. There were low rates of coexistent medical illness although psy-
chiatric conditions were more prevalent, depression being a factor in 34.4% of patients.
5.9% of patients did not attend a mental health professional. 74.3% are currently on HT,
and 9.17% have had gender reassignment surgery (GRS). Regret following hormonal or
surgical treatment was in line with other Western European countries (1.83%).

Conclusion:The incidence of diagnosis and referral of GD in Ireland is increasing.This brings
with it multiple social, health, and financial implications. Clear and accessible treatment
pathways supported by mental health professionals is essential.

Keywords: gender dysphoria, gender identity disorder, transgender, gender reassignment surgery, gonadectomy,
hormone therapy

INTRODUCTION
Gender dysphoria (GD) is a recognized condition in which there is
marked incongruence between an individual’s psychological per-
ception of his/her sex and their biological phenotype (1). GD has
replaced the term gender identity disorder (GID) in the 2013 pub-
lication of the DSM-V, which itself replaced “transexualism” in
1980. The cause is not well understood and is believed to be due
to a complex interaction of psychosocial and biological factors
during development (2, 3).

Prevalence varies based on geographical location, with higher
rates in Western Europe and America (0.001–0.002%) (4–6) com-
pared to lower rates in Japan (0.0009%) (7). In most studies,
male-to-female (MTF) GD cases tend to significantly outnumber
female-to-male (FTM) cases (7).

The DSM-V has strict criteria for the diagnosis of GD that differ
between children and adults. However, both include a persistent
and strong conviction that they are the wrong sex, feel discomfort,

distress, or anxiety with their gender-role and sexual character-
istics, and possess a strong and persistent desire to be a member
of the opposite sex (1). These criteria are based on the assump-
tion that GD is a purely psychiatric condition which is a topic of
controversy.

The complex nature of GD requires that psychological, social,
and medical issues are addressed by a multidisciplinary team.

The Department of Endocrinology in St. Columcille’s Hospi-
tal (SCH), Dublin, has been managing patients with GD since
2000. Patients are referred for consideration of hormonal ther-
apy (HT) by a mental health professional or GP in the majority
of cases. We have previously reported the characteristics of the
first 52 patients referred for HT in SCH (8), however, GD in
Ireland remains poorly investigated. This paper aims to update
the characteristics of GD in Ireland, show the current prevalence
of the condition, and discuss the need for developing accessible,
well-defined pathways of care.

Frontiers in Endocrinology | Neuroendocrine Science June 2014 | Volume 5 | Article 87 | 24

http://www.frontiersin.org/Endocrinology
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/about
http://www.frontiersin.org/Journal/10.3389/fendo.2014.00087/abstract
http://www.frontiersin.org/Journal/10.3389/fendo.2014.00087/abstract
http://www.frontiersin.org/people/u/148324
http://community.frontiersin.org/people/u/142284
mailto:info@dosheaendo.ie
http://www.frontiersin.org/Neuroendocrine_Science
http://www.frontiersin.org/Neuroendocrine_Science/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Judge et al. Gender dysphoria – an Irish population

MATERIALS AND METHODS
We retrospectively reviewed the medical records of 218 patients
referred to the GD clinic between 2005 and early 2014. A diag-
nosis had been made by a MHP based on DSM-IV/V criteria in
most instances, however, some patients required a referral from
the clinic to a mental health professional if this had not occurred
This initial consultation included a full medical and surgical his-
tory and examination as well as baseline laboratory investigations;
full blood count, renal, liver, and bone profiles, fasting lipids, and
glucose as well as hormonal profiling.

Data collection focused on documentation of past medical and
surgical history (including hypertension, coronary artery disease,
thromboembolic disease, dyslipidemia, diabetes mellitus, etc.),
psychiatric background (including depression and autistic spec-
trum disorder etc.), and family history (including cardiovascular
conditions etc.). Smoking and alcohol use were also recorded. GD-
specific questioning aimed to establish age at self-diagnosis, time
spent in desired role, and hormonal or surgical therapy prior to
presentation, etc (Table 1).

Consideration for HT required that patients were diagnosed by
a minimum of one, preferably two mental health professionals.

In our service, we aimed to initiate HT at the second visit,
thus this necessitated that a detailed discussion with the patient
regarding the risks and benefits of HT be undertaken at the initial
consultation. Providing there were no contraindications and the
patient received a definitive diagnosis of GD from an appropriate
mental health specialist, HT could commence on the second con-
sultation. We also analyzed the incidence of regret or adverse effects
to treatment in those presenting for follow-up. Those wishing to
proceed with gender-related surgery were referred to appropriate
specialists in Ireland or abroad.

RESULTS
DEMOGRAPHICS
In the study, 218 patients with GD were referred to our clinic
between 2005 and early 2014 (Table 1). 72.9% of these were MTF
and 27.1% FTM, with a MTF:FTM ratio of 2.7:1. Based on the 2011
census reports (9), this indicates a prevalence of GD in 1:14,756
people (0.0067% of the population), categorized into 1:10,154
MTF (0.0098%) and 1:27,668 FTM (0.0036%). Seventy-one per-
cent of the patients were Irish, with Leinster providing the most
patients when subdividing the cohort based on region. The num-
bers of patients being referred increased steadily over the 9 years
study period, from 6 referrals in 2005 to 55 in 2013 (Table 2;
Figure 1).

The average age at referral was similar between both gender
groups at 32.6 years for MTF and 32.2 years for FTM, ranging
from 15 to 69 years. There was a clear trend in the study showing
people are being referred at younger ages as time goes on. The
average age at referral from 2005 to 2009 inclusive was 36.77 years,
compared with the average age between 2010 and 2013, which was
30.14 years. Twenty-one percent of the patients were married at
presentation or in the past, and 18.8% reported having children.
Two patients reported having pregnant partners, one of whom
conceived using banked sperm.

One hundred thirty-five patients (61.9%) declared their age
at self-diagnosis of GD as being pre-pubertal, with 14.7% stating

Table 1 | Demographics and co-morbidities.

Variable MTF FTM

Number 159 59

Age (years) (SD) 32.5(13.26) 32.2(11.40)

Married (previous or current) 41 5

Number with children 37 3

Prior hormone therapy 36 6

Living in role 66 44

MEDICAL HISTORY

Hypertension 17 3

Dyslipidemia 42 5

Diabetes 1 2

Cigarettes 40 17

PSYCHIATRIC CO-MORBIDITY

Depression 55 19

Schizophrenia 8 −

Bipolar affective disorder 2 2

Deliberate self-harm/suicide attempt 13 6

SD, standard deviation; MTF, male-to-female; FTM, female-to-male.

Table 2 | Number of referrals per year.

Year of referral MTF FTM Total

2005 6 − 6

2006 9 2 11

2007 7 2 9

2008 10 2 12

2009 16 5 21

2010 15 6 21

2011 25 5 30

2012 30 17 47

2013 37 18 55

2014 (to March) 3 1 4

MTF, male-to-female; FTM, female-to-male.

they realized their issues around gender as adolescents. 50.9% of
patients were living in their desired gender-role on a full-time
basis, with approximately one quarter of patients not living in role
prior to initial presentation.

The majority of referrals were made by a psychologist (37.6%),
with the remainder evenly divided between psychiatrists and GPs.
Although most patients were seen by at least one MHP, 5.96%
of patients did not attend either a psychiatrist or psychologist.
Of these, five patients received HT without prior MHP consul-
tation, however, one patient obtained the medications via the
internet and three others were on HT and also had gender-
related surgery prior to presentation. Forty-four patients (20.2%)
were on HT prior to initial visit to the GD clinic, 9 of whom
ordered it via the internet, 16 individuals sourced hormones
from practitioners either in Ireland or the UK, 9 sourced it
from overseas, and in the case of the remainder the source was
unknown.
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FIGURE 1 | Number of referrals per year.

MEDICAL AND PSYCHIATRIC CO-MORBIDITIES
Several patients had co-existing medical co-morbidities, with
dyslipidemia (21.6%), asthma (11.45%), and hypertension
(9.17%) being the most prevalent. Twenty-six percent of the
patients reported being smokers at the time of presentation, with
23.85% having smoked regularly in the past. Twelve patients con-
sumed more than 15 units of alcohol per week, however, eight
patients (3.67%) reported abusing alcohol to a damaging degree
in the past. Seventy-five (34.4%) patients had a history of depres-
sion, 25.3% of those admitting to acts of deliberate self-harm.
Other psychiatric conditions encountered included schizophre-
nia (3.67%), bipolar disorder (2.29%), and Asperger’s syndrome
(2.29%) (Table 1).

Blood samples were taken as they are important to both assess
initial risk and evaluate possible future adverse events, includ-
ing cardiovascular disease (10). Twenty-five percent were found
to have an initial fasting cholesterol of >5.3 mmol/L and 31%
had a fasting LDL of >2.6 mmol/L, both of these figures being
the upper reference range for the laboratory in SCH. Of these,
47 were known to have dyslipidemia (42 MTF versus 5 FTM), 12
people went on to commence lipid-lowering therapy, with others
initiating diet control or having a repeat sample within normal
ranges. Five people were found to have a fasting blood glucose of
>5.9 mmol/L, however, none were found to have diabetes mellitus
on repeat testing (Table 1). Nearly 20% of patients had a family
history of vascular disease including myocardial infarction (9%),
deep venous thrombosis (2%), and cerebrovascular disease (9%).

POST PRESENTATION
To date, 55 patients (22.3%) have undergone surgery, 36 (65.5%)
of these have been MTF patients. Mammoplasty was the most
common procedure, with 19 (52.8%) of those undergoing surgery
electing to have breast augmentation. Twenty (36.4%) surgical
patients opted for gender reassignment surgery (GRS), which

Table 3 | Surgical procedures in gender dysphoria patients.

Variable MTF FTM

GRS 15 9

Breast surgery 16 19

Facial surgery 6 −

Laryngeal surgery 2 −

GRS, gender reassignment surgery.

constitutes 9.17% of the total cohort. A very small number also had
facial or laryngeal surgery for voice alteration (Table 3). As there
are currently no GRS services in Ireland, patients are referred to
a variety of centers in the United Kingdom and elsewhere. Addi-
tionally, there are currently 11 patients referred to Charing Cross
Hospital for consideration of GRS.

Dual energy X-ray absorptiometry (DEXA) scanning is now
part of the standard screening protocol of patients presenting to
our clinic. In our cohort, 39 patients (17.9%) underwent this inves-
tigation at time of last known follow-up, with 20.5% of those
studied discovered to have osteopenia, and 7.7% diagnosed with
osteoporosis.

Thirty-seven patients (17%) reported adverse effects following
hormonal or surgical therapy. Eight patients reported decreased
mood or libido, six patients were found to have developed dys-
lipidemia, five patients had hot flushes/headaches, and one patient
developed a fistula post GRS. Four patients (1.8%) expressed regret
following treatment. All of the incidences of regret involved MTF,
three of who were post GRS with the other in the hormonal phase
of treatment.

DISCUSSION
In this retrospective study, we characterized GD patients attending
an endocrine unit in the Republic of Ireland. From this study, the
prevalence of GD is 1:10,154 MTF (0.0098%) and 1:27,668 FTM
(0.0036%). This is comparable to the prevalence of GD reported in
Western Europe, which ranges from 1:11,900 to 1:18,000 for MTF
and 1:30,400 to 1:54,000 for FTM (4, 10–12). Our analysis echoed
similar international studies in that we collated data from a single
specialist GD clinic. De Cuypere et al. reviewed 10 such studies
spanning 39 years with prevalence very much matching our own
(10). The prevalence rate of GD in our cohort is likely to reflect
that of the Republic of Ireland as a nation, as our unit has been the
main specialist center in the country over the study period.

In the seventh version of the World Professional Association for
Transgender Health (WPATH) Standards of Care for the Health
of Transsexual, Transgender, and Gender-Non-conforming People
(13), it is highlighted that in more recent analyses there appears to
be a higher prevalence of GD, possibly reflecting an increase in the
number of people seeking help from healthcare professionals (13–
15). This hypothesis is supported by our analysis, which shows 6
referrals to our service in 2005 versus 55 in 2013.

Our MTF/FTM sex ratio of 2.7:1 is similar to the ratio of 3:1
reported in our previous study (8) and the sex ratio reported in
Western Europe (10, 11). It is in line international data ranging
from 3 to 5:1 (16).

Frontiers in Endocrinology | Neuroendocrine Science June 2014 | Volume 5 | Article 87 | 26

http://www.frontiersin.org/Neuroendocrine_Science
http://www.frontiersin.org/Neuroendocrine_Science/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Judge et al. Gender dysphoria – an Irish population

The age of initial assessment was the same for both MTF
and FTM (32 years). This is significantly different to our previ-
ous figures which indicated FTM patients presented, on average,
8 years younger than MTF (8). Age of presentation for MTF
has decreased dramatically (39 versus 32.6) while that of FTM
patients has remained approximately the same (31 versus 32.2)
(8). The reason for this is unclear but may represent the condition
now being more socially acceptable facilitating earlier presenta-
tion. This age is in line with a Belgian study, which showed a
mean age of initial presentation of ~30 years (10). Over 60% of
patients declared their age at self-diagnosis to be pre-pubertal
which highlights the need for early recognition and diagnosis of
the condition.

21% of the patients were married at presentation or in the
past, and 18.8% reported having children. This is lower than the
reported rates in similar European studies (10). Two of the patients
had pregnant partners, one of whom conceived using banked
sperm.

The rate of co-existing medical illness such as hypertension
and diabetes were low in GD patients, which could perhaps be
expected as the patients are generally young (average age 32 years).
It is important to identify and optimize control of these medical
co-morbidities prior to initiating the hormonal phase of treat-
ment, as they can be exacerbated by hormones such as estrogen
(17–19). Close attention should be paid to the possibility of car-
diovascular events, as accruing evidence has suggested that MTF
GD patients may be at an increased cardiovascular risk (20–22).
Twenty-six percent of patients were smokers at initial presen-
tation which is in line with the national average of 29% (23).
Patients were informed that they would not be commenced on
HT until they had ceased smoking due to the increased risk of
venous thrombosis (24).

Depression was common to 34.4% of patients, while the inci-
dence of other major psychiatric illnesses was relatively low. A
survey of Dutch psychiatrists regarding psychiatric co-morbidity
in those with GD found that 61% of their cohort had a co-existing
psychiatric disorder (25). The presence of such a high rate of co-
morbid psychiatric illness underlines the need for a well-defined
and rigidly adhered-to mental health consultation service. While
our rate of patients who did not attend a MHP (5.96%) is low, it
outlines the challenges faced by specialist centers in ensuring that
patients with GD receive the appropriate mental health support in
the setting of increased referrals.

Currently, there are no centers in Ireland which provide GRS,
which may have contributed to only 11% of our patients under-
going sex reassignment surgery. However, it is worth noting that
there is an agreement between the Irish Health Service Executive
and certain GRS centers in other countries to facilitate ease of
access for Irish patients wishing to undergo GRS. Unfortunately,
this system is somewhat convoluted and frequently causes delays
in access to surgery. This is a frustration experienced by many of
the patients examined in our study.

The regret rate following both HT and GRS was low with four
(2%) patients expressing regret (all MTF). This is slightly higher
than previously reported figures of 1–1.5% for MTF (26, 27).
Three of these had gender-related surgery and one had received
hormones as the only treatment. Although low, the regret rate of

2% illustrates the need for continued input from mental health
professionals beyond GRS. Unfortunately, these services are not
always readily available, and this is a matter for further discussion.

CONCLUSION
The prevalence of GD in the Republic of Ireland is comparable
to that reported in Western Europe. However, the true prevalence
may be difficult to assess due to patient worries regarding stigma
and societal acceptance of the condition. The number of patients
treated by our unit is increasing each year, which will pose consid-
erable challenges with already limited resources. The liaison with
mental health services is of critical importance to patients and to
the success of treatment. Difficulties in obtaining ongoing mental
health care are all too common and lead to the burden of care rest-
ing on the endocrinology service. It is vital that a well-defined and
accessible treatment pathway is continually developed in order to
ensure a gold standard of care for patients with GD.
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The neuroendocrine control of reproduction in mammals is governed by a neural hypothal-
amic network of nearly 1500 gonadotropin-releasing hormone (GnRH) secreting neurons
that modulate the activity of the reproductive axis across life. Congenital hypogonadotropic
hypogonadism (HH) is a clinical syndrome that is characterized by partial or complete puber-
tal failure. HH may result from inadequate hypothalamic GnRH axis activation, or a failure
of pituitary gonadotropin secretion/effects. In man, several genes that participate in olfac-
tory and GnRH neuronal migration are thought to interact during the embryonic life. A
growing number of mutations in different genes are responsible for congenital HH. Based
on the presence or absence of olfaction dysfunction, HH is divided in two syndromes:
HH with olfactory alterations [Kallmann syndrome (KS)] and idiopathic hypogonadotropic
hypogonadism (IHH) with normal smell (normosmic IHH). KS is a heterogeneous disorder
affecting 1 in 5000 males, with a three to fivefold of males over females. KS is associated
with mutations in KAL1, FGFR1/FGF8, FGF17, IL17RD, PROK2/PROKR2, NELF, CHD7,
HS6ST1, FLRT3, SPRY4, DUSP6, SEMA3A, NELF, and WDR11 genes that are related to
defects in neuronal migration. These reproductive and olfactory deficits include a variable
non-reproductive phenotype, including sensorineural deafness, coloboma, bimanual synk-
inesis, craniofacial abnormalities, and/or renal agenesis. Interestingly, defects in PROKR2,
FGFR1, FGF8, CHD7, DUSP6, andWDR11 genes are also associated with normosmic IHH,
whereas mutations in KISS1/KISSR, TAC3/TACR3, GNRH1/GNRHR, LEP/LEPR, HESX1,
FSHB, and LHB are only present in patients with normosmic IHH. In this paper, we
summarize the reproductive, neurodevelopmental, and genetic aspects of HH in human
pathology.

Keywords: reproduction, male, Kallman syndrome, hypogonadotropic hypogonadism, olfaction, kisspeptin,
genetics

INTRODUCTION
Reproductive system development and control in mammals
is dependent on specific neurons located in the hypothala-
mus that secrete gonadotropin-releasing hormone-1 (GnRH-
1) and control the pituitary–gonadal axis (Figure 1). Dur-
ing embryogenesis, these neurons originate in the nasal pla-
code and migrate into the forebrain along the olfactory-
vomeronasal nerves (1–3). Alterations in this migratory process
lead to defective GnRH-1 secretion, resulting in heterogeneous
genetic disorders such as idiopathic hypogonadotropic hypog-
onadism (IHH), and other reproductive diseases characterized
by the reduction in or failure of sexual maturation and com-
petence. Another consequence of these migratory neuronal
defects can be olfactory dysfunction. Depending of the affected
genes, other neurological developmental disorders can also be
encountered (1–4).

Thus, idiopathic hypogonadotropic hypogonadism (IHH) is
a genetic disease that can occur with a normal sense of smell

(normosmic IHH) or in association with anosmia (Kallmann
syndrome; KS). To date, mutations in many genes have been
described in relations to KS and/or normosmic IHH (nIHH)
(Tables 1 and 2). Hypogonadotropic hypogonadism (HH) can also
be found in association with other distinctive clinical syndromic
conditions, such as Prader Willi syndrome, that are outside the
scope of the current review.

In this review,we focus on genetic central hypogonadism,which
is more frequently encountered in males than in females. Congen-
ital IHH is a clinically and genetically heterogeneous disorder (3,
4). Although sporadic cases predominate, families with congenital
IHH have been reported with X-linked, autosomal dominant (AD)
or autosomal recessive (AR) inheritance patterns (1–4). In some
families, high variability in reproductive and non-reproductive
phenotypic features suggests the presence of complex inheritance.
In particular, polygenic (digenic or oligogenic) forms and vari-
able forms of transmission can be found in selected cases (6–11).
Indeed, further complexity is added by the remarkable observation
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FIGURE 1 | Schematic representation of the reproductive axis and the
different genes invalidating mutations participating in Kallman
syndrome and nIHH. GnRH neurons migrate from nasal placode to
hypothalamus in the first weeks of fetal life. Several genes are represented
in the left column: their invalidating mutations are responsible for Kallmann
syndrome and olfactory dysfunction. Kiss1 neurons integrate different
hormonal, metabolic, circadian inputs from other hypothalamic and brain
areas and thus stimulate GnRH neurons firing. Several genes are
represented in the right black column, including KISS1-GPR54 system,
which invalidating mutations lead to normosmic idiopathic
hypogonadotropic hypogonadism. GnRH secretion leads to gonadotropins
FSH and LH pituitary release. LH and FSH control sex steroids secretion
and gametogenesis [adapted from Valdes-Socin et al. (1), with permission].

of reversibility of the phenotype in some cases of genetically
determined hypogonadism (12–16).

THE HUMAN REPRODUCTIVE AXIS
Normal human reproduction and sexual characteristics rely on
an intact hypothalamic–pituitary–gonadal axis (HPG; Figure 1).
Hypogonadism is defined as the insufficient production of sex
hormones with or without disturbed gametogenesis. HH results
from a dysfunction of the hypothalamic–pituitary axis interfering
with control of gonadotropin secretion (1–3, 16).

During life, the activity of the HPG axis has a tri-phasic pat-
tern of “on-off-on.” A first phase of activity occurs from the
16th week of intrauterine life as well as in the period between
the 4th and 10th weeks of postnatal life (or “mini-puberty”).
Mini-puberty is characterized by an increase in gonadotropin and
steroid hormone secretion. Gonadotropins and sex hormones lev-
els rise to a lesser extent than in true puberty. After mini-puberty,
the HPG axis is repressed (“off”) until puberty, when the system
is reactivated (“on”). HPG axis activity is maintained throughout
adult life in men whereas in women, menopause intervenes, and
low sex steroids and compensatory high gonadotropin levels are
characteristic (1–3).

The immediate postnatal period can be a window of oppor-
tunity for pediatricians and neonatologists to diagnose certain
forms of HH. The congenital gonadotropin deficiency phenotype

Table 1 | Genes and phenotype related only with normosmic IHH.

Genes Locus Inheritance Phenotype Comment

GNRH1 8p21-11.2 Autosomal

recessive

Normosmic

IHH

Cryptorchidism
GNRH-R 4q13.2-3 –

KISS1 1q32 Autosomal

recessive

Normosmic

IHH

–
KISS1R 19p13.3 –

LEP 7q31.3 Autosomal

recessive

Normosmic

IHH

Severe obesity
LEPR 1p31

TAC3 12q13.3 Autosomal

recessive

Normosmic

IHH

–
TACR3 4q25 –

DUSP6 12q21.33 Complex trait Normosmic

IHH

–

LHB 19q13.32 Polymorphism

and mutations

(homozygous and

heterozygous)

Normosmic

IHH

–

FSHB 11p13 Polymorphism

and mutations

Normosmic

IHH

–

is variable and depends on the gender, the magnitude of the deficit,
and the specific genetic abnormalities (Figure 1). At the time
of puberty, the diagnosis of HH may be suspected due to the
absence in the onset of puberty and development of secondary
sex characteristics in both sexes. In adulthood, gonadotropin
deficiency can be suspected in a woman without breast devel-
opment or who presents with primary amenorrhea. In adult
men, gynecomastia, small testes (<14 mL), penile hypoplasia,
and/or oligo-azoospermia raise the clinical suspicion of congenital
hypogonadism (1–3).

NORMOSMIC IDIOPATHIC HYPOGONADOTROPIC HYPOGONADISM
The genetic abnormalities described below are infrequent or rare
(see Table 1). In contrast to KS, patients with nIHH have a nor-
mal sense of smell and tend not to have other clinical signs. From
a biological point of view, sex steroids secretion and gametoge-
nesis are compromised, but to varying degrees. As it would be
expected, reproductive phenotypes are more pronounced in sub-
jects in whom the receptor is inactivated as compared to those
harboring hormone inactivating mutations.

GNRH-1 and GNRHR mutations
Gonadotropin-releasing hormone (GnRH) is encoded by the
GNRH1 gene, which is located on chromosome 8p21-11.2.
GNRH-1 mutations are rare and have been described in only two
families (17, 18). A single homozygous mutation (c.18-19insA)
affecting the peptide precursor preproGnRH was described in a
Romanian family (17). It encoded a truncated and biologically
inactive peptide in a male patient and his sister, both of whom
had delayed puberty and normal sense of smell. The phenotype
was reversed by pulsatile GnRH administration. Another homozy-
gous GNRH1 mutation was identified in a prepubertal boy from
Armenia, with cryptorchidism and microphallus (18).
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Table 2 | Genes, genes product, function, and phenotypes associated to congenital hypogonadism hipogonadotropic with anosmia/hyposmia (KS, Kallmann syndrome).

Genes Locus Gene product Function Inheritance Type of hypogonadism Clinical phenotype

KAL-1 (KS-1) Xp22.3 Anosmin-1 Migration of GnRH and

olfactory neurons

X-linked Kallmann syndrome

or normosmic IHH

Unilateral renal agenesis,

synkinesia

FGF8 (KS-6) 10q24 Fibroblast growth factor 8 Migration of GnRH

neurons

Autosomal dominant Kallmann syndrome

or normosmic IHH

Cleft lip/relatively common

(mid-line defects)

FGFR1 (KS-2) 8p11.22 Fibroblast growth factor

receptor

Migration of GnRH

neurons

Autosomal dominant Kallmann syndrome

or normosmic IHH

FGF 17 8p2.3 Fibroblast growth factor 17 Migration of GnRH

neurons

Autosomal recessive Kallmann syndrome

or normosmic IHH

FLRT3 20p12.1 Fibronecting like domain

containing leucine enrich

transmembrane protein 3

Interaction with FGFR Complex trait Kallmann syndrome FGF network
KO mouse is embryonic

lethal

DUSP6 12q21.33 Dual specific inhibitor

phosphatases

Inhibitor of MAPK pathway Autosomal recessive Kallmann syndrome FGF network

IL17RD 3p14.3 Interleukin-17 receptor Early stage of GnRH

specification

Autosomal recessive Kallmann syndrome FGF network

SPRY4 5q31.3 Sprouty homolog interactor

with FGFR1

Inhibitor of MAPK pathway Autosomal recessive Kallmann syndrome FGF network

CHD7 (KS-5) 8q12.1-q12.2 Chromatin remodelating

factor

Autosomal dominant Kallmann syndrome

or normosmic IHH

CHARGE Syndrome

SEMA3A 7q21.11 Semaphorine 3A Axonal path finding of

GnRH neurons

Autosomal dominant Kallmann syndrome –

PROK2 (KS-3) 3p21.1 Prokineticin-2 Migration of GnRH

neurons

Autosomal dominant

and recessive

Kallmann syndrome

or normosmic IHH

Obesity, epilepsy, sleep

disorders, fibrous

dysplasia, and synkinesia

PROKR2 (KS-4) 20p13 Prok receptor Kallmann syndrome

or normosmic IHH

NELF 9q34.3 Nasal embrionic LHRH factor Migration of GnRH

neurons

Digenic model (in

association wth

FGFR1 and HS6ST1)

Kallmann syndrome

or normosmic IHH

–

WDR11 10q WD repeat containing protein

family

Development of neurons Autosomal dominant Kallmann syndrome

or normosmic IHH

–

HS6ST1 2q21 Heparan sulfate 6-O

Sulfotransferase

HS modifier Complex trait Kallmann syndrome

or normosmic IHH

–
Regulates neural branching
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The GNRHR gene (locus on chromosome 4q13.2-3) encodes
for the GNRH receptor. There is some variability in clinical
expression of GnRHR mutations that is due to a partial loss of
function. GNRHR mutations have been described in about 40–
50% of familial AR nIHH cases, and in around 17% of sporadic
nIHH (1–3).

KISS1 and GFPR54 mutations
The gene KISS1 was described originally as a metastasis suppres-
sor gene but it is a key gene in reproduction. It is localized on
chromosome 1q32, encoding a protein called kisspeptin, which
is, in turn, processed in four peptides Kp10, Kp13, Kp14, and
Kp54. Kisspeptins stimulate GnRH neuronal firing and GnRH
secretion, which then triggers an increased release of LH and
FSH (Figure 1). The KISS1R gene (locus 19p.13.3), a G-protein-
coupled receptor, is also known as the GPR54 gene, and it is the
receptor for kisspeptins. GPR54 mutations can be compound het-
erozygous or homozygous (19–22). Loss of function mutations
in KISS1 (20) and GPR54 cause HH in mice and men (19, 21,
22). Moreover, higher serum kisspeptins levels are found in obese
hypogonadal men and in central hypogonadism than in controls
(23). In patients with GPR54 mutations, GnRH deficiency can
be partial or complete, permanent, or reversible, and can have
a congenital or adult onset. Six homozygous inactivating muta-
tions have been described in 19 individuals with nIHH: their LH
and FSH secretion was blunted but normal secretion was restored
after exogenous GnRH stimulation (19, 21, 22). Kisspeptins are
highly expressed in placenta during pregnancy; different patterns
of spatiotemporal expression of KISS1 and KISSR were described
in normal and pathological placentas (24).

TAC3R and TAC3 mutations
The TACR3 gene (chromosome 4q25) encodes the neurokinin
3 receptor (NK3R) and the TAC3 gene (chromosome 12q13.3)
encodes neurokinin B (NKB), its endogenous ligand. nIHH caused
by mutations in TAC3 and TAC3R have an AR heritance (25). As
well as the GPR54/Kisspeptin system, TACR3/TAC3 pathway stim-
ulates GnRH neurons. In initial studies, defects in either TAC3 or
TACR3 were found in 11 patients from 5 of 10 families studied,
but in none of 50 sporadic cases (25–27). Francou et al. stud-
ied the gonadotropin axis dysfunction associated with nCHH
due to TAC3/TACR3 mutations: it was related to a low GnRH
pulsatile frequency leading to a low frequency of alpha-subunit
pulses and to an elevated FSH/LH ratio (27). They suggested that
this ratio might be useful for pre-screening nCHH patients for
TAC3/TACR3 mutations. In another broad cohort of normosmic
IHH patients, 7 of the 16 males and 5 of the 7 females with
TACR3/TAC3 mutations were assessed after discontinuation of
therapy: 6 of the 7 males and 4 of the 5 females demonstrated
evidence for reversibility of their hypogonadotropism (14).

Leptin (Ob) and leptin receptor mutations
Leptin is an adipocyte secreted protein that ensures a link between
body fat and the reproductive axis. HH and severe obesity are
seen in humans and ob/ob mice with genetic leptin deficiency.
There are at least 12 patients with leptin deficiency and homozy-
gous mutations. In such cases, recombinant leptin administration

restores gonadotropin secretion and dramatically reduces body
mass index. Defects in the leptin receptor are more common,
being identified in 3% of severe early onset obesity patients. Inter-
estingly, the leptin receptor is expressed on kisspeptin neurons
whereas leptin administration induces the expression of Kiss-1 in
ob/ob mice (3, 28).

LHB mutations
The LHB subunit gene is located at chromosome 19q13.32. Five
mutations have been published up to now; clinical and molecu-
lar data are summarized in Table 3. The syndrome of preserved
spermatogenesis with androgenic failure (now known to be due to
LH deficiency) was described for the first time by Pasqualini and
Bur in 1950 (29). The term “fertile eunuch” was then coined to
describe these men.

In affected men, sexual differentiation was normal, but the
absence of or significantly reduced LH secretion restrained the
induction of puberty and altered Leydig cell proliferation and
maturation (30–34). These males have impaired spermatogenesis,
ranging from azoospermia to oligospermia, which has been linked
to the lack of LH stimulation and low intratesticular testosterone
action (5, 30–35). In 2004, we described a man with a homozy-
gous missense mutation (G36D) in the LHB subunit gene that
abrogated subunit dimerization and rendered LH biologically and
immunologically inactive (31). Treatment with human chorionic
gonadotropin (hCG) induced near normalization of testicular
structure (5). The patient and his wife conceived a child by intra-
cytoplasmic sperm injection from ejaculated sperm. The male
heterozygous child had normal LH, FSH, and testosterone levels,
at the age of 4 weeks (5, 35).

In women, LHB mutations lead to a normal pubertal develop-
ment but they can have primary amenorrhea and micropolycystic
ovaries (32–34).

FSHB mutations
The β subunit of FSH (FSHB) is located at chromosome 11p13.
Three men and four women with inactivating FSH mutations have
been reported. Men have normal pubertal development although
they have azoospermia, whereas women have abnormal puber-
tal maturation; in these patients high level of LH are found
whereas FSH is low/undetectable. Estrogen and progesterone
concentrations are low (1, 2).

Gonadotropins receptor (LHR and FSHR) mutations
Inactivating mutations affecting the gonadotropin receptors con-
trast with those affecting their ligands in that they are invariably
associated with hypergonadotropic hypogonadism; hence, they are
not discussed here.

KALLMANN SYNDROME
Kallmann syndrome, involving the characteristic features of HH
and anosmia was noted in the historical literature long before
being properly characterized as a genetic disorder. A man with
delayed puberty and the lack of olfactory bulbs was reported
over 150 years ago by the Spanish doctor Aureliano Maestre de
San Juan (1828–1890). The German Franz Kallmann (1897–1965)
completed in the 1940s a description of hypogonadism and anos-
mia in two families, establishing the genetic basis of transmission.
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Table 3 | Clinical, biological, pathological, and genetic studies in patients with LH deficiency.

Weiss et al. (30) Valdes-Socin et al. (31) Lofrano-Porto et al. (32) Achard et al. (33) Basciani et al. (34)

Mutation LH beta Glut54Arg Glyc36Asp IVS+1G > C Del10HisProlLeu IVS+1G > C

Homozygous Homozygous Homozygous Homozygous 12-bp deletion in

Exon 2

Heterozygous

Exon localization Exon 2 Exon 2 Intron 2 Exon 2 Exon 2

LH Functional

Studies

Reduced LH bioactivity Knot cysteine Abnormal tertiary structure Reduced LH

bioactivity

No LH secretion
No LH dimerization No LH dimerization

Plasma LH LH=64 LH undetectable LH undetectable No detectable LH LH undetectable

Women No No 1, amenorrhea 1, amenorrhea 1, oligomenorrhea

Men One man, impuberism One man, impuberism Two men, high FSH et SUα One man,

impuberism

One man

FSH=113 Hypoandrogenism FSH=20.7 FSH=8.7

FSH=23 SUα=1.28

αSU=0.8 inhB=N inhB=N

inhB=N High AMH

Testis biopsy Leydig=0 Leydig+ Leydig=0 Leydig± (after hCG) Leydig+

Arrested SPG SPG diminished Arrested SPG SPG+ SPG+

Fertility – Azoospermia Azoospermia Normospermia but

abnormal forms.

Oligospermia

Treatment T2 then hCG T2 then hCG T2 T2 then hCG T2 then hCG

All but one patient (Basciani et al.) are homozygotes for an inactivating βLH mutation.

SU α, alpha subunit; inhB, inhibin B; AMH, antimullerian hormone; SPG, spermatogenesis; T2, testosterone; N, normal; Anorm, abnormal; Dim, dimerization.

Normal values: FSH (2–14 UI/L), LH (2–10 UI/L), alpha subunit (<1.2 mUI/L).

The Swiss scientist, Georges de Morsier (1894–1982) provided the
neuropathological description of the syndrome. KS has a preva-
lence of 1/5000, with a clear male predominance (1–3, 36, 37).
Several mechanisms of inheritance and molecular mutations are
described here after and summarized in Table 2.

Anosmin-1 (KAL-1) mutations
The KAL-1 gene is located on the X chromosome at Xp22.3. KAL-1
encodes anosmin-1, a glycoprotein playing an in important role
in kidney, respiratory tract, digestive system, and brain embryo-
genesis (1–3, 37, 38). Anosmin-1 is an adhesion molecule located
on cell surface, consistent with the underlying defect of embry-
onic neuronal migration in KS. Anosmin-1 is mainly involved in
growth and migration of GnRH, mitral olfactory cells, and Purk-
inje cerebellum neurons. Mutations in KAL-1 gene cause 14% of
familial cases of KS and 11% of cases of sporadic cases (1–3, 38).
KAL-1 mutations lead to HH with or without anosmia and may
include synkinesis (mirror movements), unilateral renal aplasia,
and mid-line abnormalities such as cleft lip/palate (37, 38).

FGF8 (KAL-6), FGF17, and FGFR1 (KAL-2) mutations
The FGF8 gene (also known as KAL-6) is located on chromo-
some 10q24. Fibroblast growth factors (FGF) interact with FGF
tyrosine kinase receptors to mediate growth and development.
FGF8 participates in gastrulation, regionalization of the brain,

and organogenesis of the limb and face as an embryonic epithe-
lial factor. FGF8 and its receptor FGFR1 are involved in GnRH
neuron migration. FGF8 inactivating mutations can lead to both
KS and nIHH with an AD inheritance. Triallelic inheritance has
also been described. In addition, cleft lip or palate and other mid-
line defects have been described in patients with FGF8 and FGFR1
mutations. Other features such as corpus callosum hypoplasia-
agenesis or nose, ear, and finger abnormalities are more specific of
FGFR1 defects (37, 39, 40).

FGF17 is located at chromosome 8p2.3 and FGF17 has a
strong sequence identity with FGF8. FGF17 might be implicated in
GnRH neuron biology as an alternative to ligand FGF8b. Miraoui
et al. have identified FGF17 heterozygous mutations in three
patients with congenital HH and anosmia and in another indi-
vidual. In a sporadic male patient with congenital, HH without
anosmia (41).

FGFR1 is located at 8p11.22-p11.23 and FGFR1 mutations
have been identified in 10% of KS. FGFR1 related KS has an AD
inheritance, associated with incomplete penetrance and interfa-
milial variability. FGFR1 encodes for type 1 FGF receptor, which is
expressed in several embryonic tissues. The activation of the FGF–
FGFR complex requires two FGF ligands. FLRT3 (Fibronecting
like domain containing leucine enrich transmembrane protein 3)
also interacts with FGFR (see Table 2). In addition, the binding
of heparin or HS: heparan sulfate proteoglycan (see HS6ST1 gene
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later) have been shown to be essential for FGF receptor dimeriza-
tion and function (38). Mice with Fgfr1−/−mutations and patients
with loss-of-function mutations in FGFR1 have defective GnRH
neuron migration (31). Thus, loss of function mutations in FGFR1
which is involved in the development of the face, lead to the abnor-
mal morphogenesis of the olfactory bulb, while specific gain-of
function mutations in FGFR1 cause craniosynostosis (37, 39–41).

PROK2 and PROKR2 mutations
PROK2 (locus 3p21.1) and PROKR2 (locus 20p13) genes encode
for prokineticin-2 and its receptor (42). Prok2 and prokr2 gene
knockout mice both have agenesis or hypoplasia of the olfactory
bulbs, in association with HH. In this model, there is also abnor-
mal GnRH neuron migration (43). Its heritance can be AD or AR.
Mutations in these genes are described in up to 6% of KS and 3% of
nIHH (1–3, 42). In pituitary deficits associated with septo-optical
dysplasia, McCabe et al. (44), described a patient with a heterozy-
gous L173R mutation in PROKR2 gene, while its healthy mother
is homozygous for this mutation. As some controversy exists on
the pathogenic role of some PROKR2 mutations, the prevalence
given should be interpreted cautiously. Indeed, digenic mutations
are encountered (i.e., PROKR2 and KAL1), while heterozygous
patients (i.e.,AD transmission) are present in families with healthy
relatives presenting the same genotype. There are no reliable acces-
sory pathognomonic features of PROK2/PROKR2 function loss:
patients have been described with obesity, sleep disorder, fibrous
dysplasia, epilepsy, and synkinesia (2, 3, 43, 44).

NELF mutations
The NELF gene is located at chromosome 9q34.3. This gene
encodes the nasal embryonic LHRH factor. The NELF gene is
detected in olfactory sensory cells and GnRH cells during embry-
onic development. It constitutes a guidance molecule for the
olfactory axon and GnRH neurons across the nasal region (45).
NELF mutations have been described in patients with KS, in asso-
ciation with mutations in FGFR1 or HS6ST1, indicating digenic
inheritance. More studies are necessary to confirm a relationship
between NELF and any reproductive and olfactory disorders (2).

WDR11 mutations
The WDR11 locus is at chromosome 10q26.12 and its heritance is
AD. It encodes murine Wdr11 that is expressed in the developing
olfactory and GnRH migratory pathway and in the adult hypothal-
amus. WDR11 biological function is not well understood: however,
Kim et al. identified five different heterozygous mutations in nIHH
and KS patients. WDR11 probably also plays an important role in
puberty (46).

CHD7 mutations
The CHD7 gene that encodes a chromatin-remodeling factor
is located on chromosome 8q12.1. Mutations (AD inheritance)
of this gene can cause CHARGE syndrome (Colobomata, Heart
Anomalies, Choanal Atresia, Retardation, Genital, and Ear anom-
alies). CHD7 was screened in nearly 200 patients: 7 KS and
nIHH patients were found, 3 of them with olfactory abnormal-
ities. CHD7 mutations were identified in 6% of KS and 6%
of nIHH, respectively (1, 2, 47, 48). Laittinen et al. described

in 2012, a KS patient with a truncating CHD7 mutation that
underwent a reversal of central hypogonadism after therapy
discontinuation (15).

HS6ST1 mutations
The HS6ST1 gene (locus 2q.21) encodes a 6-O-sulfation enzyme,
which is a member of the heparan sulfate enzyme family. The pro-
tein is involved in normal neuronal development and may play a
role in limb development. In nematodes, HS 6-O-sulfate interacts
with anosmin-1 and it is involved in function of FGFR1 and FGF8.

HS6ST1 shows complex inheritance patterns, not following
autosomal or recessive transmission. HS6ST1 mutations were
found in KS patients in combination with mutations affecting the
FGFR1 gene. HS6ST1 mutations were found in patients who had
nIHH or variable degrees of olfactory dysfunction (KS) as well as
with either normal or abnormal olfactory structures (49).

IL17RD, DUSP6, and SPRY4 mutations
The IL17RD gene (locus 3p14.3) encodes a membrane protein
belonging to the interleukin-17 receptor (IL-17R) protein family.
In a study with eight patients with congenital hypogonadism all
had KS, 7/8 had absent puberty, 6/8 showed congenital hearing
loss. One IL17RD allelic defect is likely to be insufficient, meaning
that additional affected alleles in the same and/or other genes must
be present to create the phenotype of KS with hearing loss (41).

DUSP6 (locus 12q22-q23) encodes a member of the dual speci-
ficity protein phosphatase subfamily. They negatively regulate
members of the mitogen-activated protein (MAP) kinase super-
family (25) Three patients were described with DUSP6 and FGFR1
heterozygous mutation; they were hypogonadic, while one had
hearing loss and the two others had abnormal speech. DUSP6−/−

mice are however viable and fertile (41).
SPRY4 (locus 5q.31.3) gene encodes a protein (sprouty

homolog 4), which is an inhibitor of the receptor-transduced
mitogen-activated protein kinase (MAPK) signaling pathway. It
is positioned upstream of RAS gene activation and impairs the
formation of active GTP-RAS. Diseases associated with SPRY4
include germ cell cancer, and testicular cancer. Miraoui et al. iden-
tified four anosmic patients with congenital HH (three females
and one male) with heterozygosity for a c.530A-G transition in
exon 3 of the SPRY4 gene. Another female patient had a het-
erozygosity for a c.910G-A transition in exon 3 of the SPRY4
gene. These mutations were not found in 155 controls. One of
the patients also had hearing loss and another one had abnormal
dentition (41).

HESX1 mutations
The HESX1 gene (locus 3p14.3) encodes a protein that is a
transcriptional repressor in the developing forebrain and pitu-
itary gland (27). HESX1 plays an important role in the tempo-
ral and sequential development of the forebrain, hypothalamus,
optic nerve, and posterior pituitary (28). Mutations in HESX1
have also been described in isolated growth hormone deficiency
and combined pituitary deficiency (50, 51). HESX1 mutations
have been described in 1.4% of IHH/KS patients (50, 51), but
as in PROKR2 mutations this prevalence should be interpreted
cautiously.
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SEMA3A mutations
The SEMA3A gene (7q21.11) encodes the semaphorin 3A protein,
which regulates axonal path finding and participates in GnRH
migration. Deletions and mutations of the SEMA3A gene vali-
date a role for SEMA3A in KS. Moreover, SEMA3A knockout mice
exhibit GnRH dependent hypogonadism and abnormal olfactory
bulb innervation (52).

CONCLUSION AND PERSPECTIVES
Kallmann syndrome and nIHH have the potential to unravel the
processes behind normal embryonic development and reproduc-
tive neuroendocrine maturation (2). The complex biological path
from childhood to the onset of human puberty is still incom-
pletely understood (1–3). The molecular mechanism behind IHH
remains unknown in a large number of cases. Over the past
decade, the same genetic mutations have been described in asso-
ciated with both KS and nIHH. Moreover, a significant clinical
heterogeneity is seen in isolated GnRH deficiency, which might
be explained to some extent by oligogenicity (6, 7, 9). In addi-
tion, over 60% of central hypogonadic patients have no identi-
fiable mutations, suggesting that yet more disease loci remain to
be discovered (1–3). These unidentified genes warrant an inte-
grated research including clinicians, geneticists, and biological
investigators to pursue further understanding of these fascinating
cases.
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Introduction: Remission criteria of acromegaly are based on biochemical variables, i.e.,
normalization of increased hormone levels. However, the established reduction in Quality
of Life (QoL) is suggested to be independent of biochemical control. The aim of this study
was to test which aspects predict QoL best in acromegaly.

Methods/design: This is a prospective cohort study in 80 acromegalic patients, with a
cross-sectional and longitudinal part. The main outcome measure was health-related QoL,
measured by a generic and a disease-specific questionnaire (the SF-36 and AcroQoL).
Main predictors were age, gender, biochemical control, disease characteristics, treatment
modalities, and psychopathology.

Results: Our cohort of 80 acromegalics had a mean age 54.7±12.3 years with an aver-
age disease duration of 10.8±10.0 years. Ratio macro-/microadenoma was 54/26. In
adjusted mixed method models, we found that psychopathology significantly predicts QoL
in acromegaly (in models including the variables age, gender, disease duration, tumor
size, basal hormone levels, relevant treatment modalities, and relevant comorbidities),
with a higher degree of psychopathology indicating a lower QoL (depression vs. AcroQoL:
B=−1.175, p < 0.001, depression vs. SF-36: B=−1.648, p < 0.001, anxiety vs. AcroQoL:
B=−0.399, p < 0.001, anxiety vs. SF-36: B=−0.661, p < 0.001). The explained variances
demonstrate superiority of psychopathology over biochemical control and other variables
in predicting QoL in our models.

Discussion: Superiority of psychopathology over biochemical control calls for a more
extensive approach regarding diagnosing depression and anxiety in pituitary adenomas to
improve QoL. Depressive symptoms and anxiety are modifiable factors that might provide
valuable targets for possible future treatment interventions.

Keywords: acromegaly, anxiety, biochemical control, depression, pituitary adenomas, quality of life

INTRODUCTION
Objectives for health outcomes include reduction of mortality,
morbidity, and the improvement of Quality of Life (QoL) (1).

However, in patients with pituitary adenomas, such as
acromegaly, this third treatment goal remains often unfulfilled as
they report to have a markedly reduced QoL, which often persists
under biochemical control/remission (2–7).

Various factors have been suggested to be associated with
reduced QoL in pituitary disease, particularly acromegaly; how-
ever, there is no clear consensus in this regard.

The current consensus criteria for cure and remission of
acromegaly are based on biochemical variables, i.e., normalization
of elevated hormonal levels of the biomarkers growth hormone
(GH) and/or insulin like growth factor-1 (IGF-1) (8–10). How-
ever, the definition of such a “remission” remains insufficient with
regard to absolute recovery: a drawback of a purely biochemi-
cal approach is that there are strong indications that biochemical
control does not necessarily provide complete “cure” in patients’

view, since their health-related QoL remains reduced in most
patients with acromegaly.

However, there is no consensus on the value of these contribut-
ing factors. For instance, several articles reported biochemical
control to have no significant association with reduced QoL (11–
13), whereas other articles report exactly the opposite (14–16),
indicating a clear need for elucidation.

Psychopathological variables are candidate modifiable factors
to link pituitary disease, especially acromegaly, to a lower health-
related QoL. On the one hand, acromegaly is reported to be associ-
ated with neuropsychiatric comorbidities such as depressive symp-
toms (17) and anxiety (5, 18, 19). On the other hand, there is a clear
association between psychopathology and perceived QoL (20–22).

The aim of this study was therefore to test the predictive
impact of psychopathology (depressive symptoms and anxiety)
on health-related QoL in acromegalic patients.

For this purpose, a theoretical model (23) was applied
on acromegaly and tested in two primary data sets: (a) a
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cross-sectional cohort of 80 acromegalic patients, which was (b)
subsequently validated in the longitudinal cohort of the same
patients.

MATERIALS AND METHODS
STUDY DESIGN
This is a prospective cohort study including two analytic parts: a
cross-sectional and prospective evaluation. For design and recruit-
ment of the initial cross-sectional cohort, see previous publications
from our group (18, 19). Six years after the cross-sectional evalua-
tion (baseline), a longitudinal evaluation was performed in which
the same patients were recontacted and asked to participate using
the same diagnostic instruments.

STUDY PARTICIPANTS
For the cross-sectional analyses, 80 acromegalic patients (response
rate 56%) were included. Patients were recruited at the Endocrine
Outpatient Clinic at the Max Planck Institute of Psychiatry and
the Medizinische Klinik und Poliklinik IV, Ludwig-Maximilians-
Universität Munich.

For the longitudinal analyses, patients were recontacted and
recruited accordingly. At both timepoints, patients were contacted
by a letter regarding the aim and design of the study. A fur-
ther request for participation was issued via telephone for initial
non-responders.

Thirty-six acromegalic patients (response rate 45%), were
included at the follow-up timepoint.

The project was approved by the medical ethics committee
of the Ludwig-Maximilians-Universität Munich; all patients gave
their written informed consent.

MEASUREMENT INSTRUMENTS
Clinical characteristics
Patients were given questionnaires with standardized psycho-
metric instruments, which allowed assessment of disease-related
variables, therapy history, symptoms, tumor characteristics,
comorbidities and current complaints, and evaluation of psy-
chopathological symptoms. Patients were seen either at the Max
Planck Institute for Psychiatry or at the Ludwig-Maximilians-
Universität Munich for a standardized clinical assessment, which
included a physical examination and laboratory analyses. Addi-
tional information was retrieved from the patient files if necessary.

Laboratory measurements
Biochemical control (dichotomous classification) was based on
a single serum sample of patients with confirmed disease. Bio-
chemical control of acromegaly was defined as (1) GH levels
<1 µg/l during a glucose-tolerance test over 2 h and (2) IGF-1
levels within 2 SD of an age- and gender-adjusted standardized
sample (8).

Pituitary function was routinely assessed in all patients on a
yearly basis, with basal fasting measurements of IGF-1, thyroid
stimulating hormone (TSH), free thyroxine, total triiodothyro-
nine, luteinizing hormone (LH), follicle-stimulating hormone
(FSH), prolactin, and testosterone (men) or estradiol (female).
Moreover, stimulation tests were administered including short
ACTH test, GHRH/arginine test, and insulin hypoglycemia test,

if indicated. All patients were studied under optimal replacement
therapy (24).

Neuropsychiatric assessment
Quality of Life was measured using the specifically designed instru-
ment AcroQoL (range 0–110) (25), and the general instrument
SF-36 (range 0–100) (26, 27). All QoL instruments were arranged
to have higher scores reflecting a better QoL.

The following neuropsychiatric variables were assessed: depres-
sive symptoms [Becks Depression Inventory (BDI) (28), range 0–
63] and anxiety [State-Trait Anxiety Inventory (STAI) (29), range
40–160]. Neuropsychiatric scoring-instruments were arranged to
have higher scores reflect greater disability.

All questionnaires were self-completed.

STATISTICAL ANALYSIS
All analyses were performed with the Statistical Package for the
Social Sciences 20.0 Software (SPSS 20.0).

DESCRIPTIVE ANALYSES
Differences between biochemically controlled and uncontrolled
patients for demographic variables were analyzed using χ2-tests
and independent samples t -tests. Significance was set at the 0.05
level.

STATISTICAL MODELS
Six-Block linear regression analyses were carried out to assess
the contribution of different variables to the outcome QoL.
Block 1 contained age and gender, block 2 contained tumor

Table 1 | Demographic variables according to disease control.

Uncontrolled Controlled P*

Subjects at baseline (N ) 80

31 49

Subjects at follow-up 36

15 21

Follow-up time (years)a 7.1±0.7

7.1±0.5 7.1±0.8 1.000

Age (years)a 54.7±12.3

51.9±14.0 56.7±10.8 0.088

Disease duration (years)a 10.8±10.0

10.6±10.6 11.2±9.6 0.822

% Maleb 46.3 (37)

54.8 (17) 40.8 (20) 0.220

% Macroadenomab 68.8 (55)

80.6 (25) 61.2 (30) 0.068

Basal GHc 2.8±5.0

5.3±7.1 1.1±0.9 0.003

*p-Values computed using independent t-tests, chi square tests for the variables

% Male and % Macroadenoma.
aMean±SD,
b% (N).
cBasal hormonal levels: serum GH for acromegaly (µg/l).
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Table 2 | Association of psychopathology/biochemical control and QoL at baseline.

Disease (scale) Variable B (SE) p* ∆R2 after correctiona Model R2

Acromegaly (AcroQoL)b Depressive symptoms −1.175 (0.170) <0.001 0.256 0.688

Biochemical control −1.157 (3.009) 0.702 0.001

Anxiety −0.399 (0.089) <0.001 0.147 0.578

Biochemical control −0.546 (3.497) 0.876 <0.001

Acromegaly (SF-36)c Depressive symptoms −1.648 (0.256) <0.001 0.279 0.618

Biochemical control 2.724 (4.497) 0.547 0.002

Anxiety −0.661 (0.109) <0.001 0.258 0.598

Biochemical control 3.126 (4.614) 0.501 0.003

*p-Values were computed using linear regression.
aAll models carried a correction for age, gender, disease duration, basal hormone levels and tumor size.

Additional correction for:
bradiation, pathological glucose intolerance and arthralgia,
cradiation, arthralgia.

Bold font marks those results with statistical significance.

size (dichotomous: macro- vs. microadenoma), basal GH
levels, and disease duration, block 3 contained treatment
types [dichotomous: surgery, radiation therapy, octreotide, lan-
reotide, dopamine-agonists (bromocriptin, lisuride, cabergoline,
quinagolide), pegvisomant], block 4 contained comorbidities
(dichotomous: arrhythmia, cardiomyopathy, cerebrovascular dis-
eases, arterial hypertension, coronary artery disease, history of
myocardial infarction, arthralgia, arthropathy, carpal tunnel syn-
drome, diabetes mellitus type 2, pathological glucose-tolerance,
pituitary insufficiency, sleep apnea, lung diseases, cancer), and
block 5 contained the psychopathological variables (depressive
symptoms, anxiety). Separate analyses were carried out for depres-
sive symptoms and anxiety (block 5) due to large correlations
(Pearson’s r = 0.713, p < 0.001). Block 6 contained the variable
biochemical control as a predictor. A forced entry method was used
for block 1, 2, 5, and 6 as we deemed inclusion of these variables,
a basic requirement for our model. A stepwise forward likelihood
ratio method was used for blocks 3 and 4 to include only those
predictors that carried significant predictive value. The likelihood
ratio method is preferable over the other stepwise methods (30).

For the longitudinal analyses to determine predictors of long-
term QoL, linear mixed-effect models with a first-order autore-
gressive covariance matrix for repeated effects were used. Linear
mixed-effects models allow a flexible length of follow-up for
separate patients and account for within-patient variations (31,
32). Separate regression coefficients and intercepts were created
for each individual patient. To investigate the influence of psy-
chopathology on progression of QoL, the interaction between
time and depressive symptoms/anxiety was investigated. A sim-
ilar approach was taken to investigate if biochemically controlled
patients progress differently throughout time in terms of QoL than
their uncontrolled counterparts by investigating an interaction
between time and biochemical control. Variables that yielded a
significant contribution in the baseline model were implemented
as factors/covariates in all longitudinal models, as well as age,
gender, disease duration, and basal hormonal levels, to account
for confounding. Normality was confirmed by examining normal
probability plots. Significance was set at the 0.05 level.

FIGURE 1 | Distribution of QoL according to scale (mean standardized
predicted values), and biochemical status. Error bars represent 95% CI.

MISSING VALUES
If 15% or more of the data from a questionnaire or scale was
missing, data from that variable was excluded from analysis.
Remaining missing values were filled in according to the corre-
sponding scoring instructions or by using the median from the
separate items if the scoring instructions lacked a suggestion for
dealing with missing values. An exception was made for the covari-
ate biochemical control; missing data in this domain resulted in
exclusion from analysis for that patient.

RESULTS
DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
Mean age for the total acromegalic cohort was 54.7± 12.3 years
with an average disease duration of 10.8± 10.0 years. Fifty-four
patients had a macroadenoma, 26 patients had a microadenoma.
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FIGURE 2 | (A) Distribution of QoL in acromegaly (standardized predicted values) relative to depressive symptoms with fitted trend-line. (B) Distribution of QoL
in acromegaly (standardized predicted values) relative to anxiety with fitted trend-line.

At baseline, 31 patients were biochemically uncontrolled, and
49 patients were biochemically controlled. Mean basal hor-
monal level was 2.8± 5.0 µg/l for GH and 214.2± 161.2 nmol/l,
for IGF-1.

For the follow-up analyses, 36 patients participated, mean
follow-up time was 7.1± 0.7 years – 15 patients remained
uncontrolled, whereas 21 patients were biochemically controlled
at follow-up. Demographic and clinical characteristics (cross-
sectional and longitudinal) are shown in Table 1.

ASSOCIATION BETWEEN PSYCHOPATHOLOGY/BIOCHEMICAL
CONTROL AND QoL AT BASELINE
At baseline, our analyses demonstrate that depressive symptoms
significantly predicted QoL measured by AcroQoL (p < 0.001) and
SF-36 (p < 0.001) in acromegaly in a model including age, gen-
der, disease duration, basal GH levels, tumor size, and possible
treatment modalities and comorbidities as covariates. Negative

coefficients reflect a greater amount of depressive symptoms to be
indicative of a greater impairment of QoL. The amount of vari-
ance explained (∆R2) by depressive symptoms is 0.261 for the
AcroQoL and 0.285 for the SF-36, which was the highest variance
among all covariates in models explaining a variance (R2) of 0.637
(AcroQoL) and 0.577 (SF-36).

Similarly, results demonstrate anxiety to be significantly pre-
dictive for the AcroQoL (p < 0.001) and the SF-36 (p < 0.001) in
acromegaly. Negative coefficients reflect a greater amount of anx-
iety to be indicative of a greater impairment of QoL. ∆R2 is 0.149
for AcroQoL and 0.256 for SF-36 in models with an R2 of 0.505
(AcroQoL) and 0.543 (SF-36).

Biochemical control was not significantly associated with QoL
in acromegaly.

Coefficients, p-values, and explained variances (R2) are shown
in Table 2, Figure 1 (biochemical control), and Figure 2 (psy-
chopathology).
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ASSOCIATION BETWEEN PSYCHOPATHOLOGY/BIOCHEMICAL
CONTROL AND QoL AT FOLLOW-UP
At follow-up (longitudinal analyses), results demonstrate depres-
sive symptoms to be significantly predictive of QoL measured by
AcroQoL (p < 0.001) and SF-36 (p= 0.001) in acromegaly in a
similar model with age, gender, disease duration, basal GH levels,
tumor size,and possible treatment modalities and comorbidities as
covariates. Similarly, results demonstrate anxiety to be predictive
of QoL measured by AcroQoL (p < 0.001) and SF-36 (p < 0.001)
in acromegaly. Negative estimates reflect a greater amount of
depressive symptoms/anxiety to be indicative of impaired QoL.

Biochemical control was otherwise not significantly predictive
of QoL in other analyses.

Estimates and p-values are shown in Table 3.

Table 3 | Association of psychopathology/biochemical control and

QoL at follow-up.

Disease (scale) Variable Estimate (SE)a P*

Acromegaly

(AcroQoL)b
Depressive symptoms −1.213 (0.154) <0.001

Biochemical control −1.973 (2.910) 0.500

Anxiety −0.405 (0.074) <0.001

Biochemical control −1.281 (3.473) 0.713

Acromegaly

(SF-36)c
Depressive symptoms −1.601 (0.236) 0.001

Biochemical control 2.420 (4.072) 0.555

Anxiety −0.666 (0.087) <0.001

Biochemical control 3.647 (4.471) 0.418

*p-Values computed using linear mixed models.
aAll models carried a correction for age, gender, disease duration, basal hormone

levels, and tumor size.

Additional correction for:
bradiation, pathological glucose intolerance and arthralgia,
cradiation, arthralgia.

Bold font marks those results with statistical significance.

Table 4 | Association of psychopathology/biochemical control and

progression of QoL.

Disease (scale) Variable Estimate (SE)a P*

Acromegaly

(AcroQoL)b
Depressive symptoms*time −0.107 (0.222) 0.632

Biochemical control*time 0.272 (3.244) 0.934

Anxiety*time −0.005 (0.041) 0.900

Biochemical control*time 0.434 (3.743) 0.908

Acromegaly

(SF-36)c
Depressive symptoms*time −0.121 (0.335) 0.922

Biochemical control*time −1.512 (4.823) 0.926

Anxiety*time −0.052 (0.047) 0.274

Biochemical control*time −1.712 (4.271) 0.691

*p-Values computed using linear mixed models.
aAll models carried a correction for age, gender, disease duration, basal hormone

levels and tumor size.

Additional correction for:
bradiation, pathological glucose intolerance, and arthralgia,
cradiation, arthralgia.

ASSOCIATION BETWEEN PSYCHOPATHOLOGY/BIOCHEMICAL
CONTROL AND PROGRESSION OF QoL THROUGHOUT TIME
Interaction between time and depressive symptoms, time and
anxiety, and time and biochemical control was not significantly
associated with QoL in acromegaly, indicating no influence of
depressive symptoms, anxiety, or biochemical control on the pro-
gression of QoL throughout time. Estimates and p-values are
shown in Table 4 and Figure 3.

DISCUSSION
The aim of this study was to analyze the relative impact of previ-
ously described predictors in relation to psychopathology on the
patient-related health outcome “QoL” in acromegaly.

Since most of the known variables associated with a poor
health-related QoL in acromegaly are not modifiable (such as
age, gender, disease duration and tumor size), we focused on psy-
chopathology, which would reflect a treatable component that is
commonly underdiagnosed.

Although the relationship between QoL and psychopathology
has been described before (20–22) in parallel to a solid recogni-
tion of reduced QoL in pituitary adenomas and acromegaly (2,

FIGURE 3 | Progression of QoL (mean values) in acromegaly relative to
biochemical status. Error bars represent 95% CI.
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3), we found that the marked reduction of QoL is driven dom-
inantly by psychopathology rather than biochemical control or
other factors, which is new information. A potential reason for
this observation is that hormonal factors in acromegaly are not
necessarily noticeable on a daily basis whereas psychopathological
factors are much more dominantly present. The overbearing char-
acter of psychopathology may therefore exert a larger influence on
a patient’s QoL than the less obvious biochemical control.

It has been previously described that psychopathology is an
independent predictor of QoL rather than a masked way of mea-
suring QoL in pituitary patients (6). The scientific implications
of our research are augmented by the World Health Organization,
which has long recognized the crucial role of QoL in patient-
oriented clinical approaches (33). Moreover, a clear association
between high QoL scores and a longer survival duration in can-
cer patients has been described previously (34). These results are
in agreement with an earlier study that argues the importance
of adding a QoL component rather than sole biochemical con-
siderations in order to improve patient management (35). The
findings that psychopathology, rather than biochemical control,
drives reduced QoL based on the demonstrated explained vari-
ances complements the well-recognized reduction of QoL in pitu-
itary adenomas and leads to our recommendation to place greater
emphasis on the role of psychopathology in acromegaly.

Aside from scientific implications, key in the clinical application
of this research is the finding that important predictors of reduced
QoL are depressive symptoms and anxiety, which are essentially
modifiable predictors. A more complex treatment strategy includ-
ing a more extensive psychopathological evaluation and therapy
may be an attractive possibility to improve patient management
in pituitary adenomas and especially acromegaly.

STRENGTHS AND LIMITATIONS
Strengths of our study are the longitudinal design, the two-center
approach, the large amount of potential confounders that are
accounted for and the usage of validated and disease-specific
questionnaires. Furthermore, our study yields new and additional
information to expand on previous research and has obvious
clinical relevance.

Limitations of our study as in each and every longitudinal study
are the potential bias that is introduced due to a preferential “loss-
to-follow-up.” Reasons for this non-response were, e.g., disinterest
to participate in a large questionnaire, feeling of being cured, and
associated disinterest to participate in medical research, deterio-
ration, and associated inability to fill out questionnaires or death.
The reasons for non-compliance in our study were not system-
atically studied. Additionally, not all potential influential factors
have been included in the study, e.g., no available data on anti-
depressant drug-usage, which may be influential on the severity of
the depressive symptoms.

Future research should focus on improving the response rates
and validate the observed findings in preferably larger cohorts.
Systematic reviews of the literature should attest whether there are
other (ideally modifiable) predictors of QoL in acromegaly aside
from psychopathology to identify multiple targets for improving
QoL (research in progress). Trials with modifying these variables

could ultimately verify their clinical applicability (protocol sub-
mitted for ethical vote, phase 4 trial EudraCT 2014-000265-43).

CONCLUSION
Results indicate biochemical control of acromegaly to be unassoci-
ated with both generic and disease-specific QoL. Psychopathology
seems to predominantly drive reduced QoL in acromegaly. Hence,
we recommend scrutinous systematic screening for psychopathol-
ogy leading to subsequent specific therapy in acromegaly to test
the effect on improving QoL.
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Endogenous Cushing’s syndrome (CS), a rare endocrine disorder characterized by

cortisol hypersecretion, is associated with psychiatric and neurocognitive disorders.

Major depression, mania, anxiety, and neurocognitive impairment are the most important

clinical abnormalities. Moreover, patients most often complain of impairment in quality

of life, interference with family life, social, and work performance. Surprisingly, after

hypercortisolism resolution, despite the improvement of the overall prevalence of

psychiatric and neurocognitive disorders, the brain volume loss at least partially persists

and it should be noted that some patients may still display depression, anxiety, panic

disorders, and neurocognitive impairment. This brief review aimed at describing the

prevalence of psychiatric and neurocognitive disorders and their characterization both

during the active and remission phases of CS. The last section of this review is dedicated

to quality of life, impaired during active CS and only partially resolved after resolution of

hypercortisolism.

Keywords: Cushing’s syndrome, psychiatric disorders, neurological disorders, cognitive impairment, quality of life

Introduction

Chronic glucocorticoid (GC) overproduction by the adrenal glands represents the cause of endoge-
nous Cushing’s syndrome (CS), a rare but serious endocrine disorder. In approximately 80% of
cases, endogenous CS is consequence of an ACTH hypersecretion (ACTH-dependent CS), gen-
erally due to a corticotroph pituitary tumor (Pituitary-dependent CS, or Cushing’s disease, CD),
and rarely due to an ACTH-secreting or CRH-secreting extra-pituitary tumor (Ectopic Cush-
ing Syndrome, ECS), whereas in the remaining 20% of cases CS is independent from ACTH
hypersecretion (ACTH-independent CS) and GC excess is direct consequence of autonomous
overproduction by the adrenal glands, because of unilateral adrenocortical tumors or bilateral
adrenal hyperplasia, or dysplasia (Arnaldi et al., 2003; Newell-Price et al., 2006; Pivonello et al.,
2008). Chronic endogenous GC exposure determines several clinical complications, including
metabolic complications such as visceral obesity, insulin resistance with glucose intolerance
and diabetes mellitus, and dyslipidemia, which configure a metabolic syndrome, cardiovascular
complications such as systemic arterial hypertension, atherosclerosis, thromboembolism, bone
complications such as osteoporosis and osteoarthritis, infective complications, ranging from an
increase susceptibility to infections up to a fatal sepsis, as well as neuropsychiatric disorders
(Pivonello et al., 2005, 2010; Tauchmanovà et al., 2006; De Leo et al., 2010; Pereira et al.,
2010; van der Pas et al., 2013). These clinical complications negatively impact the quality of
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life (QoL) of patients with CS and increase their morbidity and
mortality, mainly due to cardiovascular and infective diseases
(Gotch, 1994; Webb et al., 2008; Clayton, 2010). The current
management of patients with CS cannot ignore psychiatric and
neurocognitive disorders, their evolution during the active dis-
ease and after disease remission, and their impact on QoL. The
first description of neuropsychiatric disturbances in CS occurred
in 1932 when, in his original description of a series of 12 CS
cases, Harvey Cushing highlighted the presence of “emotional
disturbances” as a pathologic feature of CS (Cushing, 1932). Dur-
ing the following years, several studies were performed with the
purpose to better characterize the spectrum and the frequency
of neuropsychiatric disorders in patients with CS (Sonino and
Fava, 2001). These disorders include psychiatric disorders such
as major depression, mania and anxiety, and neurocognitive
disorders, mainly characterized by impairment of memory and
concentration (Dorn et al., 1997; Sonino and Fava, 2001). Neu-
ropsychiatric disorders contribute to significantly impair health-
related QoL (Gotch, 1994; Webb et al., 2008). The aim of this
brief review was to describe the main psychiatric and neurocog-
nitive disorders observed in patients with endogenous CS during
active disease and their development after disease remission, also
discussing their impact on QoL. Additionally, this brief review
aimed at addressing a simple overview on this topic, highlighting
the important role of long-term follow-up and careful periodi-
cal investigation of psychiatric and neurocognitive disorders in
the management of CS both in the active phase and after disease
remission.

Neuropsychiatric Disorders during Active
Disease

GCs have a crucial role in stress response and GC receptors
have a pleiotropic distribution in central nervous system (CNS),
mainly in the hippocampus; therefore, it is not surprising that
chronic GC excess can lead to structural and functional changes
in CNS, which are mainly based on brain atrophy (De Kloet
et al., 1998; Sonino et al., 2010). The mechanisms by which GCs
induce brain damage are largely unknown although four theo-
ries have been suggested. (1) The decrease of glucose uptake is
responsible of brain atrophy. According with this theory, GCs
induce brain damage by reducing glucose utilization in brain,
as supported by the evidence of a generalized reduction in cere-
bral glucose metabolism in all areas of the brain in patients with
CD. (2) The increase of excitatory aminoacids is responsible of
toxic effects on nervous cells. GCs increase the release or enhance
the effects of excitatory aminoacids, such as glutamate, which
cause cell damage inducing the dendritic atrophy, particularly
in the hippocampus. (3) The inhibition of “long-term potenti-
ation” is responsible of cognitive deficits. GCs reduce the syn-
thesis of neurotrophic factors, such as nerve growth factor-b and
brain-derived neurotrophic factor, which through a presynaptic
mechanism inhibit the long-term potentiation that is believed to
be the mechanism behind learning process and memory forma-
tion. Additionally, this neurotrophic factors reduction can also be
responsible of brain atrophy. (4) The suppression of neurogenesis

in the dentate gyrus. GCs excess may suppress neurogenesis in
the dentate gyrus, which determine hippocampal volume loss
(De Kloet et al., 1998; Jacobs et al., 2000; Simmons et al., 2000;
Bourdeau et al., 2002; Patil et al., 2007; Michaud et al., 2009).
All these mechanisms seem to explain the GC-induced brain
and, mainly, hippocampal damage responsible for neurocogni-
tive disorders, although the atrophy of the prefrontal cortex
(Patil et al., 2007) or the suppression of neurogenesis in the
dentate gyrus (Jacobs et al., 2000) have been specifically identi-
fied as crucial pathophysiological events for the development of
depression.

Themost important psychiatric disorders observed in patients
with active CS are: (1) major depression, which include alter-
ations in mood, affective, vegetative, and cognitive functions; and
(2) mania and anxiety. Major depression represents the most fre-
quent and severe psychiatric disorder associated with chronic
endogenous hypercortisolism. The prevalence of major depres-
sion in patients with CS is reported to be about 50–81%, as sum-
marized in Table 1 (Haskett, 1985; Hudson et al., 1987; Loosen
et al., 1992; Sonino et al., 1993, 1998; Dorn et al., 1995; Kelly,
1996). Focusing on CD, Sonino and co-workers reported major
depression to occur in 54% of 162 patients and observed that it
was significantly associated with female gender, older ages, higher
urinary cortisol levels, relatively more severe clinical conditions
and undetectable pituitary tumor (Sonino et al., 1998). Differ-
ent degrees of severity were reported, ranging from latent to very
severe melanchonic forms, also associated with suicide thoughts
and attempts (Starkman et al., 1981; Starkman, 2013). Therefore,
a careful periodic investigation of psychiatric symptoms should
be performed in all patients with active CS, also taking in consid-
eration that depression in these patients is typically characterized
by intermittent phases, with episodes of exacerbation recurring
very frequently at irregular intervals (Starkman et al., 1981; Stark-
man, 2013). Additionally, all domains of the depressive syndrome
including mood, affect, vegetative, and cognitive functions can be
compromised (Starkman, 2013). As far as mood alterations are
concerned, many patients with CS up to 86%, show irritability,
which often has early onset, appearing even before than other
clinical symptoms and signs (Starkman et al., 1981; Starkman,
2013). It has been reported that patients with CS described them-
selves as having an increased sensitivity and they perceived them-
selves unable to ignore minor irritations and feeling “impatient,”
with “over-reactivity,” generalized hypersensitivity to stimuli and
an easy development of anger (Starkman et al., 1981). Depressed
mood has been reported in 74% of CS patients, without regular
cyclicity, although a common depressive episode persists usually
1–2 days and rarely more than 3 days per week (Starkman, 2013).
In some patients depressed mood could be present on awakening
and remain throughout the day or the next day as well (Stark-
man et al., 1981); in other patients, the onset of depressed mood
occurs suddenly during the day, determining “mood lability”
(Starkman et al., 1981). Moreover, in patients with CS, depressed
mood has been reported to be often characterized by hypersen-
sitivity and oversentimentality, increased feeling of crying, short
spells of sadness, and less frequently constant hopelessness, social
withdrawal with feelings of discomfort in large groups, intermit-
tent inability to experience pleasure, which rarely reaches the

Frontiers in Neuroscience | www.frontiersin.org April 2015 | Volume 9 | Article 12945

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Pivonello et al. Neuropsychiatric disorders in Cushing’s syndrome

TABLE 1 | Prevalence of major depression in patients with active CS

(adapted from Sonino and Fava, 2001).

References Diagnosis No. of PTS Major depression:

No. of PTS (%)

Sonino et al., 1998 CD 162 88 (54)

Haskett, 1985 All forms 30 24 (80)

Hudson et al., 1987 CD 16 9 (56)

Loosen et al., 1992 CD 20 13 (65)

Sonino et al., 1993 CS excluding CD 20 10 (50)

Kelly, 1996 All forms 209 120 (57)

Dorn et al., 1995 All forms 33 17 (51)

Total 490 281 (57)

CS, Cushing’s syndrome; CD, Cushing’s disease.

levels of persistent anhedonia, and less often self-accusatory or
irrational guilt (Starkman et al., 1981; Starkman, 2013). Con-
versely, a minority of patients, particularly in the first phase of
active hypercortisolism, experiences elevatedmood with episodes
of hyperactivity, increased ambition and restlessness that gener-
ally disappears with the time over disease progression (Starkman
et al., 1981; Starkman, 2013). Suicidal thoughts (17%) and suicide
attempts (5%) have also been described (Starkman et al., 1981;
Starkman, 2013) and frequently minimized by patients (Haskett,
1985; Sonino and Fava, 2001). In patients with active hypercorti-
solism symptoms and signs involving the vegetative functions are
frequently reported. Indeed, fatigue has been described in almost
all patients and a decreased libido in about two-thirds (Stark-
man et al., 1981). Disturbance of appetite and sleep have also
been described; particularly, an increased or decreased appetite
have been found in about 34% and 20% of patients, respectively
(Starkman et al., 1981) and sleep disturbances such as middle
insomnia (patients awakened at least one during the night) in
69% of CS patients, late insomnia (patients awakened earlier than
desired in the morning) in 57% and early insomnia (inability to
fall asleep at bedtime) in 29% (Starkman et al., 1981; Starkman,
2013). In about one third of patients, it has also been reported
an alteration in the frequency and type of dreams which became
more bizarre and vivid (Starkman et al., 1981; Starkman, 2013).
Within the clinical frame of depressive syndrome, patients may
also experience cognitive impairments that will be detailed below.

A significant percentage (66%) of CS patients reported gener-
alized anxiety or panic disorders more frequently described in the
chronic and advanced stage of active hypercortisolism (Starkman
et al., 1981; Starkman, 2013). Also bipolar disorders including
maniac and hypomaniac episodes have been observed in about
30% of CS patients and may represent an early manifestation of
CS (Haskett, 1985; Hudson et al., 1987).

Neurocognitive impairment has been reported in about two
thirds of CS patients with variable degrees from mild to severe
(Whelan et al., 1980). An impairment of memory has been
reported in 83% of CS patients, consisting of difficulty in pro-
cessing new information and forgetfulness of information such
as appointments, names of people, location of objects, impor-
tant dates in their personal, and/or medical histories (Starkman
et al., 1981; Starkman, 2013). Impaired concentration has been

reported in 66% of CS patients that particularly complain of
mind-wandering when reading, watching television and during
the course of conversations, a decreased ability to “focus their
minds” and more in general inattention, distractibility, short-
ened attention span, difficulties with reasoning ability, and com-
prehension (Starkman et al., 1981; Starkman, 2013). Moreover,
disturbances in “thinking” may occur. Indeed, patients with CS
can experience episodes of rapid and scattered thinking, or slow
thinking with blocks, that are described as a mind, which sud-
denly “becomes blank” (Starkman, 2013). In addition, impair-
ment in verbal control, non-verbal, visual, and spatial abilities has
also been reported in CS patients (Starkman et al., 1981; Sonino
and Fava, 2001; Starkman, 2013).

Neuropsychiatric Disorders after Disease
Remission

Several studies have reported that, after disease remission, the
resolution of hypercortisolism, namely the normalization of cor-
tisol secretion, is not constantly followed by the complete recov-
ery of many clinical complications developed during the active
disease; in particular, metabolic syndrome and the consequent
cardiovascular risk have been found to partially persist after dis-
ease remission (Colao et al., 1999; Faggiano et al., 2003; Pivonello
et al., 2005, 2007). Skeletal diseases, mainly osteoporosis, improve
after disease remission, but the normalization of bone mass
may require a long period of time or the use of specific treat-
ments (Faggiano et al., 2001; Pivonello et al., 2007). Similarly,
psychiatric and neurocognitive disorders generally improve after
disease remission, but several studies reported that these disor-
ders can persist, even long-term after the resolution of hyper-
cortisolism and occasionally they can even exacerbate with the
decrease and resolution of hypercortisolism. Consequently, this
slow and partial recovery of different clinical alterations occurred
during the active phase of the disease can contribute to the per-
sistent impairment of QoL registered in CS patients after disease
remission or cure (Sonino and Fava, 2001; Pivonello et al., 2007;
Webb et al., 2008; Colao et al., 2012).

To date, the issue of whether remission of CS may completely
resolve psychiatric and neurocognitive disorders remains con-
troversial. Several studies demonstrated a significant improve-
ment of psychiatric and neurocognitive disorders after resolution
of hypercortisolism (Jeffcoate et al., 1979; Cohen, 1980; Kram-
linger et al., 1985; Starkman et al., 1986; van der Lely et al.,
1991; Verhelst et al., 1991; Kelly et al., 1996; Wolkowitz and
Reus, 1999; Hirsch et al., 2000). In particular, Starkman and co-
workers reported a significant improvement in depression scores
of patients treated for CD, which were significantly correlated
with the decrease in urinary cortisol excretion (Starkman et al.,
1986). Different studies described significant improvements or
even complete remission of depression, anxiety, irritability, psy-
chosis, and neurocognitive impairment, after normalization of
cortisol levels in CS patients treated with radiotherapy, surgery,
or medical treatment (Jeffcoate et al., 1979; Cohen, 1980; Kram-
linger et al., 1985; Starkman et al., 1986; van der Lely et al.,
1991; Verhelst et al., 1991; Kelly et al., 1996; Dorn et al., 1997;
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Wolkowitz and Reus, 1999; Hirsch et al., 2000). Particularly,
some studies have reported the effects of successful reduction
of GCs excess on psychopathology. These studies demonstrate
that both reduction of GCs synthesis with ketoconazole or
metyrapone and blockade of the GC receptor with mifepristone
positively affect psychopathology. Interestingly, mifepristione
has been demonstrated to have therapeutic effects in patients
with psychotic depression. Additionally, this drug can mitigate
the weight gain associated with the use of antipsychotic drugs
and improve cognitive dysfunction in bipolar depression (How-
land, 2013). However, as mentioned above, more recently, sev-
eral studies showed that neuropsychiatric improvement, after a
successful treatment of CS, might be delayed and incomplete
(Dorn and Cerrone, 2000; Sonino and Fava, 2001; Forget et al.,
2002; Heald et al., 2004; Merke et al., 2005; Maheu et al., 2008;
Tiemensma et al., 2010; Ragnarsson et al., 2012; Resmini et al.,
2012; Ragnarsson and Johannsson, 2013). Indeed, both psy-
chiatric and neurocognitive alterations may require long time
to recover after remission of hypercortisolism and they may
sometimes persist even after CS cure. Long-lasting impairments
were reported in many domains of cognitive function includ-
ing attention, visuospatial orienting, alerting, reasoning, work-
ing and speed memory, verbal fluency, reading, and executive
functions (Forget et al., 2002; Tiemensma et al., 2010; Ragnars-
son et al., 2012; Resmini et al., 2012). Indeed, the brain volume
loss, which is considered the main responsible for the neurocog-
nitive decline of active CS patients, has been demonstrated to
be partially persistent after remission (Bourdeau et al., 2002),
but further studies are still required to determine whether these
alterations can fully revert after long-term remission or bet-
ter after a time long enough to consider the patients defini-
tively cured. Additionally, in patients long-term remitted from
CS, proton magnetic resonance spectroscopy, measuring brain
metabolites in the hippocampus, suggested neuronal dysfunction
or loss and consequently a repair mechanism of glial prolifera-
tion (Resmini et al., 2013). These alterations indicated the per-
sistence of a neuronal damage associated with negative effects
on hippocampal volume and memory (Resmini et al., 2013).
To investigate whether neuropsychiatric disorders may persist
in all patients treated for pituitary tumors, regardless the type
of hormone secretion, Heald and co-workers compared patients
treated for CD with patients treated for acromegaly, macropro-
lactinomas, or non-functioning pituitary tumors. In this study
patients treated for CD appeared to perceive themselves as being
more depressed, fatigued, anxious, having poorer physical health
and environmental, and social adjustment, showing significantly
impaired psychological well-being and psychosocial function-
ing compared with all other pituitary tumors patients (Heald
et al., 2004). All these observations seem to validate that CS,
even after resolution of hypercortisolism, has long-lasting adverse
effects on CNS, suggesting that depression, anxiety, and neu-
rocognitive impairment, may still dominate the clinical picture
even after disease remission. Interestingly, Dorn and co-workers
firstly reported that in CS patients some psychiatric symptoms
might also exacerbate with cortisol decrease (Dorn et al., 1997).
Particularly, it has been reported that the frequency of panic
attacks and suicidal ideation increased after CS remission in

a subgroup of patients. This phenomenon has been suggested
to be due to the relative GC deficiency, which seems to allow
unrestrained increase in catecholamines (Dorn et al., 1997).
Moreover, in children and adolescents with CS, Merke and
co-workers reported a significant decline of cognitive function
1 year after surgical correction of hypercortisolism, despite a
rapid resolution of cerebral atrophy was observed (Merke et al.,
2005).

Overall these data highlight the importance of a long-term
follow-up and careful periodic investigation of neuropsychi-
atric symptoms in patients with CS also after hypercortisolism
resolution, and the importance to consider the management
of these disorders as one of the essential outcomes of CS
patients.

Effects of Neuropsychiatric Disorders on
Quality of Life

Considering the systemic and neuropsychiatric complications
associated with hypercortisolism it is expected that CS patients
have impairment in QoL (Colao et al., 2012). Indeed, impair-
ment in QoL has been demonstrated both by generic and disease-
specific questionnaires, namely Cushing QoL, which has been
reported to be the most appropriate to measure QoL in patients
with CS (Webb et al., 2008). Multiple physical and psycho-
logical factors can interfere with QoL in CS patients, but the
results of the ERCUSYN study, a recent published web-based,
multicentre, observational study from 23 European countries,
showed that only depression resulted an independent predic-
tor of a lower CS QoL score, suggesting that psychiatric disor-
ders, and mainly depression, may play a pivotal role in affecting
QoL in patients with CS (Valassi et al., 2011). Indeed, patients
suffering from CS most often complain of changes in physi-
cal appearance, depression, emotional instability, fatigue and/or
weakness, sleeping difficulties, neurocognitive problems, inter-
ference with family life, relations with their partner, and with
school/work performance (Gotch, 1994; Colao et al., 2012). As
main psychiatric and neurocognitive disorders, the impairment
in QoL of patients with CS is only partially resolved after treat-
ment of hypercortisolism and a longer-term follow-up showed
that a residual impairment of QoL may persist after long-term
disease remission (Lindsay et al., 2006; Wagenmakers et al.,
2012). Indeed, patients in remission upon proper treatment for
CS displayed significantly higher scores in depression (feeling
tired, guilty, hopeless, unworthy, poor appetite, loss of interest),
anxiety (being nervous, tense, panicky, difficulties falling asleep,
or early morning awakening), and psychotic symptoms (feel-
ings of persecution, delusions, hallucinations), with a general-
ized compromised QoL compared with healthy subjects (Sonino
et al., 2006). Particularly in patients with CD, despite long-
term remission, QoL appeared reduced compared with reference
values from the literature, especially in the presence of pitu-
itary insufficiencies (van Aken et al., 2005). Interestingly, also in
children and adolescents, CS is associated with impaired QoL,
with residual impairment 1-year after treatment, suggesting that
QoL is another important parameter of outcome also in these
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patients and that the identification of factors that contribute to
impair QoL may help to diminish the physical and psychologi-
cal burden of disease in this population of patients (Keil et al.,
2009).

Conclusions

In conclusion, CS is frequently associated with an high preva-
lence of psychiatric and neurocognitive disorders and with a
significant impairment in QoL. Major depression represents
the most important and life-threatening psychiatric complica-
tion, occurring in approximately 50–60% of patients, but mania

and anxiety are also reported in many cases. Additionally,
neurocognitive disorders may occur both as a manifestation
within the depressive syndrome clinical frame, and separately
as isolated neurological disorder. It should be highlighted that
psychiatric and mainly neurocognitive disorders, even long-term
after CS remission, although generally improve, may persist, or
even worsen, contributing to the persistent impairment of QoL
registered also in patients treated for CS. Therefore, long-term
follow-up and careful periodical investigation of psychiatric and
neurocognitive symptoms should be always considered in the
management of CS both in the active phase and after disease
remission.
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The cervical branches of the vagus nerve that are pertinent to endocrine surgery are the
superior and the inferior laryngeal nerves: their anatomical course in the neck places them
at risk during thyroid surgery.The external branch of the superior laryngeal nerve (EB) is at
risk during thyroid surgery because of its close anatomical relationship with the superior
thyroid vessels and the superior thyroid pole region. The rate of EB injury (which leads to
the paralysis of the cricothyroid muscle) varies from 0 to 58%. The identification of the EB
during surgery helps avoiding both an accidental transection and an excessive stretching.
When the nerve is not identified, the ligation of superior thyroid artery branches close to
the thyroid gland is suggested, as well as the abstention from an indiscriminate use of
energy-based devices that might damage it. The inferior laryngeal nerve (RLN) runs in the
tracheoesophageal groove toward the larynx, close to the posterior aspect of the thyroid.
It is the main motor nerve of the intrinsic laryngeal muscles, and also provides sensory
innervation to the larynx. Its injury finally causes the paralysis of the omolateral vocal cord
and various sensory alterations: the symptoms range from mild to severe hoarseness, to
acute airway obstruction, and swallowing impairment. Permanent lesions of the RNL occur
from 0.3 to 7% of cases, according to different factors.The surgeon must be aware of the
possible anatomical variations of the nerve, which should be actively searched for and iden-
tified. Visual control and gentle dissection of RLN are imperative.The use of intraoperative
nerve monitoring has been safely applied but, at the moment, its impact in the incidence
of RLN injuries has not been clarified. In conclusion, despite a thorough surgical technique
and the use of intraoperative neuromonitoring, the incidence of neurological complications
after thyroid surgery cannot be suppressed, but should be maintained in a low range.

Keywords: superior laryngeal nerve, inferior laryngeal nerve, thyroid surgery, morbidity, dysphonia, dysphagia,
neuromonitoring

BACKGROUND
The neurological issues that might appear after thyroid surgery are
those related to lesions of motor or sensory nerves whose anatom-
ical course is in the neck. The main structures that are jeopardized
during thyroid surgery are those arising from the vagus nerve at
various heights: the external branch of the superior laryngeal nerve
(EB-SLN) and the inferior laryngeal nerve.

These nerves and their branches have mainly motor activity on
the laryngeal muscles, being responsible for both the motility of
the vocal cords and of all the distinctive features of one’s voice.

The lesion for the main trunk of these nerves, or of their
smaller motor branches, is responsible for the paralysis of different
laryngeal muscles that might be clinically evident as a significant
impairment of the voice either in its quality and intensity.

In a tertiary care referral center, this morbidity should be main-
tained in a due range, according to different factors that can
generally be preoperatively identified: the incidence of a perma-
nent lesion of the inferior laryngeal nerve in a surgery performed
for a benign disease should be maintained below 1%. On the
opposite side, a higher incidence of permanent lesions can be
expected when the indication for surgery is a malignant disease

or a recurrent benign or malignant disease (up to 6%). Another
factor affecting the complication rate is the surgeon’s experience
with the low volume surgeons (those who perform <30 cases per
year) being those more prone to have higher rates of permanent
nerve damages (1).

Actually, a deep knowledge of the cervical anatomy, coming
from a vast experience of thyroid surgery, is necessary to tailor
the extent of every single operation according to the preopera-
tive diagnosis, thus allowing to keep undesired and permanent
post-operative consequences to a minimum.

THE SUPERIOR LARYNGEAL NERVE
The EB-SLN, previously called the “Galli-Curci Nerve,” has been
named after the famous Italian opera singer who saw her career
declining after a total thyroidectomy performed for a huge goiter
although in the presence of a remarkably normal motility of the
vocal cords. This event has been considered related to the lesion
of this tiny motor branch (that for this reason was named after
the singer) until recently, when it was clarified that Galli-Curci
suffered from a physiological decline of her performances due to
the normal aging process. The nerve has nevertheless maintained
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its name in several textbooks and papers, although the true story
should be remarked, to preserve the integrity of the surgeon who
performed the thyroidectomy (2, 3).

The superior laryngeal nerve originates just below the inferior
ganglion (nodose ganglion) of the vagus lining below the jugu-
lar foramen. About 1.5 cm inferiorly, the nerve divides into two
branches: the internal one, which pierces the thyrohyoid mem-
brane in association with the superior thyroid artery and supplies
the sensory innervation to the mucosa of the larynx, and the
external one (4, 5).

The EB-SLN is about 0.8 mm wide and 8–9 cm long, it courses
anteriorly and inferiorly along the inferior pharyngeal constric-
tor muscles and the branches of the superior thyroid artery. It
then curves anteriorly and medially close to the lower edge of
the thyroid cartilage and then approaches the larynx within the
sterno-thyro-laryngeal triangle, in the region known to surgeons
as the “space of Reeve,” whose limits are: the sternothyroid mus-
cle superiorly, the inferior constrictor and cricothyroid muscles
medially and the superior pole of the thyroid inferiorly (4, 6–8).

The surgical importance of the EB-SLN is due to the close rela-
tionship between the nerve and the superior thyroid vessels. At
the level of the cricoid, it divides into two branches, entering sepa-
rately at the pars recta and pars obliqua of the cricothyroid heads,
respectively. In most circumstances, the EB-SLN passes well above
the superior thyroid pole, but variations in its caudal extent in rela-
tion to the superior pole region have been well-described. For this
reason, many anatomic classifications have been proposed (7–9).
The most popular classification is the Cernea’s one, based on the
distance between the intersection of the EB-SLN and the superior
thyroid artery, and the superior pole of the thyroid (10, 11).

Type 1 (about 60%): the EB-SLN crosses the superior thyroid
vessels at least 1 cm above the superior thyroid pole.

Type 2a (17%): the EB-SLN crosses at a distance shorter
than 1 cm.

Type 2b (20%): the EB-SLN crosses below the upper limit of
the thyroid.

Type Ni (3%): EB-SLN not identified (subfascial/intramuscular
course).

The surgical implication of this classification system is that both
2a and 2b types are considered at risk during thyroidectomy.

Variations in the incidence of Cernea’s type were described in
relation to: physical height (increased number of type 1), ethnic-
ity (increased number in type 2 in Mexican, Chinese, and Indian
ethnicities) and thyroid volume (increased number in type 2 in
higher volumes) (5, 7, 8).

More recently, Friedman et al. proposed a classification based
on the course of the EB-SLN with respect to the inferior con-
strictor muscle (8, 12). In type 1 variants, the EB-SLN descends
with the superior thyroid vessels, either superficial or lateral to
the inferior constrictor, until it terminates in the cricothyroid. In
type 2 variants, the EB-SLN penetrates the inferior constrictor,
1 cm above the inferior and lateral edge of the thyroid cartilage. In
type 3 variants, the EB-SLN penetrates the superior aspect of the
inferior constrictor and then continues deep to the muscle before
piercing the cricothyroid.

The EB-SLN carries motor fibers to the cricothyroid, the mus-
cle that tilts the thyroid cartilage and tenses the vocal cord by

modifying the distance between the cricoid and the thyroid car-
tilages. Vocal fold tension and thickness influence the frequency
of the vibration, thus affecting the characteristic timbre of one’s
voice.

Injury of the EB-SLN causes paralysis and/or weakness of the
cricothyroid, resulting in changes in voice quality, voice projection,
and production of high-pitched sounds (6–8, 13–16).

The EB-SLN is jeopardized when the surgeon is dissecting
around the superior pole of the thyroid gland to ligate the supe-
rior thyroid artery. The laryngeal head of the sternothyroid muscle
should be considered as a landmark for the course of the nerve on
the inferior constrictor (13). In cases of large goiters or in patients
with a short neck, the complete or partial division of the sternothy-
roid muscle is recommended because it may improve access to the
superior thyroid pedicle.

The anatomical variations of this nerve demand careful blunt
dissection of the superior thyroid pole, which should start from
the avascular space located between the medial aspect of the supe-
rior pole and the cricothyroid, allowing a good exposure of the
region where the EB-SLN might be found.

A gentle traction of the thyroid in a lateral and caudal direction
may be helpful to obtain a good exposure of the superior vascular
pedicle; moreover, the selective ligation of the vessels of the upper
pole as close to the thyroid pole as possible is recommended. Sep-
aration of the polar vessels should occur in the inferior to superior
direction, to avoid the entrapment of the EB-SLN between the
medial aspect of the superior pole and the cricothyroid.

Care must be taken to avoid both the stretching of the nerve
and an indiscriminate use of monopolar diathermy or energy-
based devices for sealing vessels, in order to prevent iatrogenic
heat injuries (7, 8, 13).

Intraoperatively, due to its wide anatomic variability, the EB-
SLN can be visually recognized in some cases only (15, 17–20), and
its rate of visualization during thyroid surgery is summarized in
Table 1. Recently, the diffusion of minimally invasive techniques
relying on the use of the endoscope has led to a higher rate of
EB-SLN visualization, basically due to the magnification of the
anatomy of the neck (21) (Figure 1). Finally, the use of intraop-
erative neuromonitoring can be useful in both the identification
and preservation of the EB-SLN, as described in several reports (7,
8, 13, 15–18, 21–23).

Post-operatively, patients with a lesion of the EB-SLN typically
complain of voice fatigue, problems reaching high-pitch sounds
that they were used to reach, and the need of an extra effort to
speak; they can also complain of various rates of dysphagia.

The awareness to these symptoms, that may be subliminal
to common people, might be more evident to the so-called
“professional speakers,” such as singers, teachers, and lawyers.

Several studies have investigated post-operative rates of EB-
SLN injury varying from 0 to as much as 58% (the most relevant
experiences reported are summarized in Table 2) (24–26), a result
that reflects the need for standardized protocols looking forward a
more accurate evaluation of this complication, even if the impair-
ments coming from such lesions are the less prone to be improved
with specific post-operative treatments.

Currently, videostroboscopy (which evaluates the regularity
and symmetry of the mucosal traveling wave and the degree of
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Table 1 | Incidence of visualization of the external branch of the superior laryngeal nerve during thyroid surgery.

Reference Patients Study Visualization of EB Comment

Berti et al. (21) 300 Retrospective 65% “Incidental” visualization during MIVAT

Friedman et al. (12) 884 Retrospective 85% Identification followed transection of the

sternothyroid muscle and NM

Dionigi et al. (23) 72 Prospective, randomized 84% (NM) vs. 42% (visualization) MIVAT

Pagedar and Freeman (18) 112 Prospective 98% Identification followed blunt dissection of the

space of Reeve

Lifante et al. (22) 47 Prospective, randomized 66% (NM) vs. 21% (no NM) Improvement in patient-assessed voice quality

after surgery but does not impact swallowing

EB-SLN, external branch of the superior laryngeal nerve; MIVAT, minimally invasive video-assisted thyroidectomy; NM, intraoperative neuromonitoring.

FIGURE 1 |The loop of the external branch of the superior laryngeal
nerve lies very cephalic, in the “space of Reeve,” between minor
vessels of the upper pedicle. Notice that this endoscopic image is
magnified 20×.

glottis closure) and/or electromyography of the cricothyroid (that
documents a decreased recruitment, and polyphasic action poten-
tials that might reach the electrical silence in extreme cases) are
the only instrumental tools that might allow to achieve good diag-
nostic standards (5, 7, 8), although both are invasive methods,
responsible for some discomfort to the patients.

THE INFERIOR LARYNGEAL NERVE
The inferior laryngeal nerve (recurrent nerve, RLN) arises as the
vagus courses anteriorly to the aortic arch. As the heart and the
great vessels descend during the embryonic development, the
RLNs are dragged down by the aortic arches. On the right side, the
nerve recurs around the fourth arch (the right subclavian artery),
whereas on the left, the nerve recurs around the sixth arch (the
ligamentum arteriosum). The right RLN curves around the right
subclavian artery and enters the base of the neck from a more
lateral position, with respect to the nerve on the opposite side, a

consideration that is extremely important from a strictly surgical
point of view, since the anatomy is significantly different on the
two different sides. The approximate length of the right RLN from
the subclavian artery to the cricothyroid joint, is about 5–6 cm,
whereas on the left side is about 12 cm long (from the aorta to the
cricothyroid joint) (4). After leaving the superior mediastinum,
the RLN runs toward the larynx in the trachea–esophageal groove,
in a close anatomical relationship with the thyroid gland and the
parathyroids. Immediately before or after crossing the Berry liga-
ment, the RLN divides in smaller branches entering the esophagus
(mainly sensory), and the main ones that enters the larynx at the
inferior constrictor muscle, posterior to the cricothyroid joint (the
motor ones).

The RLN in the neck is supplied by both its own vessels (“vasa
nervorum”) and by branches of the inferior thyroid artery: this
vascularization is particularly important since an excessive dissec-
tion of the nerve might theoretically represent a cause of undesired
post-operative issues (4).

The course of the RLN with respect to inferior thyroid artery is
quite variable: it more commonly courses deep to the inferior thy-
roid artery, but can also travel anterior to or between its branches
(11, 27) (Figure 2).

Several anatomical variations of the RLN may be found: in
some cases, these variations might represent an unfavorable situa-
tion and thus an additional cause of morbidity. The more common
anatomical variants are: the variable relationship with the branches
of the inferior thyroid artery and the ligament of Berry, the var-
ious patterns of extralaryngeal branching, and the non-recurrent
variant (27).

Various anatomical relationships between the RLN and the liga-
ment of Berry are described: although the nerve is generally located
posterior and lateral to this ligament, it can also have a medial
course with respect to it, and, in some cases, an anterior (motor)
branch can penetrate this ligament (11, 28). This latter situation is
considered the one associated with the highest surgical morbidity,
since the terminal branches might be completely hidden inside
the ligament, and therefore sectioned during the final part of the
thyroidectomy.

Variations in the pattern of distal bifurcation of the RLN have
been widely reported, since, within the larynx, the nerve divides
into an external branch providing motor function to the four
intrinsic laryngeal muscles, and an internal branch with only
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Table 2 | Incidence of lesions of the external branch of the superior laryngeal nerve during thyroid surgery: the sequence is progressive, starting

from the series reporting the lowest incidence.

Reference Patients Study Visualization of EB Rate of injury

Jonas et al. (17) 108 Prospective 37.5% 0 (nerve monitoring)

Bellantone et al. (19) 289 Prospective, randomized 0 (not searched) vs. 89% (searched) 0 vs. 0

Inabnet et al. (20) 10 Prospective 53% (out of 15 nerves at risk) 0 (nerve monitoring)

Teitelbaum et al. (24) 20 Retrospective Not described 5%

Aluffi et al. (25) 45 Retrospective Not described 14%

Hurtado-Lopez et al. (26) 100 Prospective, randomized 0 (not searched) vs. 78% (searched) 20% (non-visualized) vs. 8% (visualized)

EB-SLN, external branch of the superior laryngeal nerve.

FIGURE 2 |The relationship between the inferior laryngeal nerve and
the inferior thyroid artery, on the left side. In this case, the nerve (white
loop) runs posterior to the artery (red loop).

sensory activity for the glottis. This division may occur before the
RLN enters the larynx near the Berry ligament or the inferior thy-
roid artery giving origin to up to several extralaryngeal branches
extremely varying in sizes. Functional studies of the extralaryn-
geal nerve branches have well-demonstrated that motor branches
to both the abductor and adductor muscles of the larynx are gener-
ally located in the anterior division (4, 27, 29), this adding further
potential morbidity, since the motor branches are those located
closest to the thyroid lobe.

The non-recurrent laryngeal nerve is associated to a major vas-
cular variant characterized by the absence of the brachiocephalic
artery and the formation of a right aberrant subclavian artery that
originates from the last branch of the aortic arch and extends right-
wards, running behind the esophagus (the “lusorian artery”). The
nerve then originates directly from the cervical part of the vagus,
at various heights, since it cannot be pulled down by the right
subclavian artery during its embryological descent (Figure 3).
For this reason, this variant is present almost exclusively on the
right side (incidence: 0.3–1.6%), although a few cases have been
described on the left side (incidence: 0.04%), mainly in patients
with situs viscerum inversus (4, 29–34), since the corresponding
anatomical anomaly on the left side (the absence of the ductus

FIGURE 3 | A relatively high variant of a non-recurrent inferior laryngeal
nerve on the right side: in this case, the nerve (arrow) runs almost
horizontally from the vagus toward the larynx.

arteriosus) is generally incompatible with survival of the fetus.
Soustelle has classified the non-recurrent laryngeal nerve into two
types according to their courses. TYPE 1 arises directly from the
cervical vagus and enters the larynx at the upper pole of the thyroid
gland, running together with the vessels of the superior thyroid
pedicle. TYPE 2 arises from the vagus nerve near the origin of the
inferior thyroid artery and enters the larynx above the inferior thy-
roid artery (TYPE 2A), or under the inferior thyroid artery (TYPE
2B) (32, 34).

From a surgical point of view, TYPE 1 anomaly implies that the
nerve could be injured during superior thyroid pedicle ligation,
while TYPE 2 variant implies that, over its transverse course, the
non-recurrent laryngeal nerve can mimic the course of the infe-
rior thyroid artery, and thus be misinterpreted by the surgeon, and
finally interrupted. Preoperative computed tomography showing
the presence of an arteria lusoria or the presence of a “horizontal
Y” at US scan (due to the bifurcation of the brachiocephalic trunk
into the right common carotid artery and the right subclavian
artery) could predict the presence of a non-recurrent laryngeal
nerve and therefore reduce the risk of injuring it (32–34).

Transient partial RLN dysfunctions are related to segmen-
tal demyelination or focal conduction block, and transient or
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permanent total nerve dysfunctions result from severe myelin
sheath or axonal damage and neural degeneration. Transient
palsy can be regarded either as a consequence of neuroapraxia
or axonotmesis, depending on whether local myelin damage, usu-
ally secondary to compression (edema, blood clot, and suffusion)
or a loss of continuity of axons. An excessive manipulation during
surgery might lead to a significant edema or to diffuse micro-
hemorrhage by injury of fragile capillaries, possibly resulting in
neuroapraxia or axonotmesis (29).

The final outcome of the damage to a RLN is represented by
the paralysis of the sole abducting muscle (posterior cricoary-
tenoid) of the vocal cords, which might result in a clinical sit-
uation ranging from an impaired motility of the cord, up to its
atrophy.

Table 3 |The incidence of morbidity on the inferior laryngeal nerve

according to different experiences reported in literature: the sequence

is, again, progressive, starting from the series reporting the lowest

incidence.

Reference Patients/nerves

at risk

Nerve injuries (%)

(transient/permanent)

Efremidou et al. (39) 932/1864 1.3/0.2°

Bergamaschi et al. (40) 1163/2010 2.9/0.3

Chiang et al. (41) 521/704 5.1/0.9

Lo et al. (42) 500/787 5.2/0.9

Thomusch et al. (43) 7266/13436 2.1/1.1°

Rosato et al. (38) 14934/n.a. 3.4/1.4

Lefevre et al. (44) 685/- (reoperations) ?/1.5

Toniato et al. (45) 504/1008 2.2*§

Echternach et al. (46) 1001/1365 6.6

°Only thyroidectomies for benign disease were considered; *only thyroidec-

tomies for malignant disease were considered. §Post-operative laryngoscopy not

routinely performed.

Consequent symptoms range from hoarseness in unilateral
lesions, to stridor and acute airway obstruction in bilateral dam-
age. Temporary or permanent post-operative vocal changes can
have a serious impact on the patient’s quality of life, especially in
professional voice users.

The posterior branches of the RLN often provide innervation
to both the cricopharyngeus muscle and the esophagus, thus justi-
fying the impairment in swallowing that is frequently complained
by patients after thyroidectomy (31, 35–37). These branches are
extremely short and thin and might be difficult to visualize and,
therefore, spared by the surgeon performing the thyroidectomy.
Nerve monitoring cannot obviously be used to identify such
branches since they are almost exclusively sensorial.

Post-operative RLN lesion is a relatively rare complication of
thyroid surgery in expert hands, the rate of permanent damages
occurring approximately between 0.3 and 3% of the cases, and
transient palsies in up to 8% of the cases. This wide range of
results is described in Table 3 (38–46), where the most numerous
studies recording the morbidity of thyroid surgery are summa-
rized. This rate is mainly related to the diagnosis of the patient,
with patients undergoing reoperative thyroid surgery and those
undergoing extensive surgery for cancer being at greater risk of
morbidity, and to the surgeon’s experience (1). The risk of RLN
injury in reoperative surgery is described between 2 and 30%,
with rate that is also significantly different when the surgery is
performed for recurrent benign or recurrent malignant disease:
the injury to the nerve in such cases can be due to the difficulty in
identifying and preserving the nerve encased in the scar tissue of
the previous surgery (27, 29, 31, 38). These results are summarized
and shortly commented in Table 4 (42, 44, 47–49).

A cornerstone of the recommended surgical technique of thy-
roidectomy is the active search for and identification of the RLN.
It is classically identified in the Simon triangle (4), formed by
the esophagus medially, carotid artery laterally and inferior thy-
roid artery superiorly. The tubercle of Zuckerkandl is another
landmark that can be useful in identifying the RLN, since it

Table 4 | Risk factors affecting the final rate of inferior laryngeal nerve injuries according to different authors.

Reference Patients Study RNL (%) Comment

Dralle et al. (47) 16448 Retrospective,

multicentric

– Risk factors for permanent RNI: recurrent benign (4.7×) and malignant

(6.7×) disease; thyroid malignancy (2×); lobectomy (1.8×)

Erbil et al. (48) 3250 Retrospective 1.8 Extended surgery (12×) and reoperations (3×) had a significant effect on

the incidence of complications

Lefevre et al. (44) 685

(reoperations)

Retrospective 1.5 “Permanent complication rates were higher than those for primary

thyroid resection”

Lo et al. (42) 500 Prospective 1.4 “Thyroid surgery for malignant neoplasm and recurrent substernal goiter

was associated with an increased risk of permanent nerve palsy”

Shindo and Stern (49) 122 (TT+CC)

Vs. 134 (TT)

Retrospective 5 vs. 10 (temp.);

0 vs. 1 (perm.)

More extended surgery on the lymph nodes is burdened by a higher

rate of temporary injuries

The cited papers are those with the highest statistical power (a high statistical power is necessary to evaluate a rare event), and this is reflected by the sequence of

the citations, from the most to the less powerful ones.

RNL, inferior laryngeal nerve lesions; TT+CC, total thyroidectomy and central neck dissection; TT, total thyroidectomy.
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FIGURE 4 |The strict anatomical relationship between the inferior
laryngeal nerve and the tubercle of Zuckerkandl. The nerve (arrow)
almost adheres to the inferior side of the tubercle, immediately before
entering the laryngeal muscles.

generally lies anterior to the nerve (Figure 4) (50). Obviously,
the thyroid surgeon must be aware of the possible anatomical
variations of the nerve, and always search for its visual con-
trol and gentle dissection of RLN, which are imperative since
possible mechanisms of injury include transection, clamping,
ligation, traction, thermal injury, and ischemia. A vast major-
ity of injuries occur because of an excessive traction on this
extremely delicate structure (these lesions are those more prone
to be temporary ones), and in the setting of anatomical vari-
ants, especially when an extralaryngeal bifurcation of RLN is
present (4, 27, 31).

The use of intraoperative nerve monitoring (IONM) in associ-
ation to visual identification of the nerve has been safely applied,
even if there is lack of high-level evidence that might elucidate
the true RLN sparing effect of IONM: this tool should therefore
not be used as the sole mechanism for identifying and preserving
the nerve, although it can be used to aid in the identification and
dissection of the nerve.

In conclusion, a “safe” technique for thyroidectomy cannot be
described, since every expert thyroid surgeon is burdened by a
morbidity rate that cannot ever reach the 0%. Nevertheless, this
rate can be “kept to a minimum” when a thorough surgical tech-
nique is followed, and the surgeon should always keep in mind
that different preoperative indications correspond to a differ-
ent incidence of morbidity, accordingly informing the patients
about it.
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Clinical and biological aspects of restrictive anorexia nervosa (R-AN) are well documented.
More than 10,000 articles since 1911 and more than 600 in 2013 have addressed R-AN psy-
chiatric, somatic, and biological aspects. Genetic background, ineffectiveness of appetite
regulating hormones on refeeding process, bone loss, and place of amenorrhea in the
definition are widely discussed and reviewed. Oppositely, constitutional thinness (CT) is
an almost unknown entity. Only 32 articles have been published on this topic since 1953.
Similar symptoms associating low body mass index, low fat, and bone mass are reported in
both CT and R-AN subjects. Conversely, menses are preserved in CT women and almost
the entire hormonal profile is normal, except for leptin and PYY. The aim of the present
review is to alert the clinician on the confusing clinical presentation of these two situa-
tions, a potential source of misdiagnosis, especially since R-AN definition has changed in
DSM5.

Keywords: anorexia nervosa, constitutional thinness, phenotyping, DSM IV, DSM5

INTRODUCTION
In a young population of women, between 15 and 30 years old, a
low body mass index (BMI) associated with apparent healthy state
suggests that the diagnosis of anorexia nervosa (AN). For the same
age range, other etiologies of starvation are associated with spe-
cific symptoms leading to obvious diagnosis of blood or oncologic
pathologies, digestive absorption disorders.

Although restrictive anorexia nervosa (R-AN) definition
reported in the “diagnostic and statistical manual of mental dis-
orders” (DSM) is in perpetual evolution, diagnosis remains easy
for an experienced clinician. The last issue, DSM5, was published
in 2013 (1). Previous DSM IV definition (2) included some psy-
chological elements in the diagnosis such as “refusal to maintain a
normal BMI for their age and height, weight loss leading to main-
tenance of body weight <85% of that expected, fearful of even
the slightest weight gain and takes all precautionary measures to
avoid weight gain and becoming overweight and disturbance in
the way one’s body weight or shape is experienced, undue influ-
ence of body weight or shape on self-evaluation, or denial of the
seriousness of the current low body weight.” Amenorrhea, i.e.,
the absence of at least three consecutive menstrual cycles, was
the only somatic symptom included in the DSM IV definition.
In R-AN women, amenorrhea is related to a blunted/hibernating
hypothalamic–pituitary–gonadal (HPG) axis activity. This crite-
rion cannot be applied in pre-menarchal females, females taking
oral contraceptives, post-menopausal females, or in case of delayed
menarche. Moreover, male gonadal axis status was not mentioned
in DSM IV definition. Giving these limitations, a psychiatric task-
force developed a new wide definition meant to be relevant for
both genders. Thus, amenorrhea symptom was removed from the

current DSM5 definition, entirely based on psychiatric symptoms
(1). Major consequences of this truncated definition are further
discussed as it can lead to misdiagnosis in front of a thin woman.

DIFFERENCES BETWEEN ANOREXIA NERVOSA AND
CONSTITUTIONAL THINNESS
In a similar population of women, a low BMI associated with
apparent healthy state could also suggests that the diagnosis of a
not yet well-known entity called constitutional thinness (CT). This
natural and physiological low BMI (<18.5 kg/m2) state is asso-
ciated with preserved menses (without contraceptive treatment)
and reproductive function leading to constitutional thin families.
CT prevalence is unknown in the developed world. These sub-
jects want to gain weight and often consult in this perspective.
We recently showed that they failed to gain weight in a controlled
overfeeding study (3). Opposite to the presence of amenorrhea
that advocates for a diagnosis of R-AN, the absence of amenorrhea
advocates for a diagnosis of CT.

Thinness is defined by the World Health Organization which
specified three levels of underweight for BMI <18.5 kg/m2 (4).
Thinness is the only resemblance between R-AN and CT. Indeed,
despite the same BMI as AN, CT subjects do not exhibit any typ-
ical clinical features such as amenorrhea, fear of weight gain, or
hormonal abnormalities commonly seen in R-AN patients.

This review summarizes the main features opposing R-AN and
CT including nutritional markers, bone loss physiology, appetite
regulating hormones, and how the DSM5 definition can lead to
misdiagnoses between those two etiologies of thinness. The results
published by our group come from a large cohort of more than
600 R-AN and 100 CT.
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Hormonal abnormalities data about R-AN reported so far in
literature are commonly accepted and have been showed and
published many times by different teams. Most of them are under-
nutrition markers such as low free-T3 (5, 6), low IGF-1, and
elevated GH displaying a GH resistance (7), elevated SHBG (8),
and blunted leptin reflecting a decreased fat mass (9). These bio-
logical features are adaptive to food restriction and hormonal levels
return within normal range after refeeding (10, 11). In 2010, we
published biological data on a large R-AN cohort of 200 patients.
Despite a correlation between BMI and five specific nutritional or
hormonal parameters including leptin, GH, cortisol, free-T3, and
IGF-1, we noticed a large inter-individual heterogeneity of these
parameters (12). In CT matched for BMI and gender, free-T3,
IGF-1, mean 24-h GH levels (sampled six times over the day) are
in the normal range (Figure 1). This absence of undernutrition
markers is in line with the low levels of leptin, still higher than in
AN, and with preserved circadian cycle (13). A girl with low BMI
and normal free-T3 or IGF-1 is not a R-AN.

Anorexia nervosa is associated with well-known hypothalamus–
pituitary–peripheral axis changes/disturbances such as “pseudo-
Cushing syndrome” and hypogonadism. Indeed, the excess of the
hypothalamic–pituitary–adrenal (HPA) axis activity includes high
CRF (14), increased circadian cortisol levels (15), and rapid escape
of cortisol from suppression in response to i.v. dexamethasone
(16). Nevertheless, R-AN patients display no clinical Cushing-like
features and is considered as a“pseudo-Cushing syndrome.”These
abnormalities regress after refeeding (17).

Restrictive anorexia nervosa amenorrhea, the only somatic trait
in the DSM IV classification, is the consequence of blunted HPG
axis associating low estradiol (18), low free testosterone levels
(8), and absence of LH pulsatility (19). This low GnRH activ-
ity seems to be dependent on multiple neuropeptides/amino acids
influences including opioid (20), gabaergic (21), or serotoninergic
activity (22) changes. Refeeding restores menses only in 55–100%
of R-AN women (23–25). GnRH pump is the current validated
treatment to restore LH pulsatility and to stimulate ovulation (26).
This treatment leads to ovulation in 100% of cases, most often
between day 10 and 14, and to pregnancy in 55% of cases after 6
stimulations (unpublished data).

Oppositely, normal HPA axis activity suggested by normal six-
point (8, 12, 16, 20, 24, 04 h) circadian levels of cortisol was found
in CT subjects matched for BMI and gender. Functional HPG axis

was also attested by normal LH, FSH, estradiol, and free testos-
terone plasma level without oral contraception, and preserved
fertility (13). A young adult girl with low BMI and normal menses
without pills, and normal hormonal profile is not a R-AN.

The alteration of bone quality in AN, a consequence to under-
nutrition and hormonal abnormalities, is widely accepted. Loss
of bone density, correlated with the duration of low BMI (27)
and explained by a bone turnover uncoupling (28) leads to
increased fractures risk (29), also related with some genetic distur-
bances (30). An important issue comes from the lack of treatment
to increase bone mineral density, except refeeding. Hormonal
deficiency supplementation with IGF-1 (31), classical treatment
with bisphosphonates (32), or PTH administration (33) are not
approved. The role of estradiol in osteoporosis treatment is world-
wide accepted, but in R-AN the supplementation is non-effective
(34). The association of two hormonal supplementations without
side effects such as SDHA and estradiol seems to be effective (35,
36). However, all authors agree on the interest to treat earlier in
order to preserve and not to restore bone mineral density.

Bone loss with 44% of osteopenia is also found in 20 years
old CT subjects (37). Oppositely to the bone uncoupling seen
in R-AN, bone turnover is balanced in CT, with normal bone
formation (normal circadian osteocalcin profile) and bone resorp-
tion (normal plasma circadian CTX profile). Furthermore, bone
microarchitecture measured by pQCT is different (37). Combined
normal bone marker and specific microarchitecture profile are
other arguments to differentiate CT from R-AN and to avoid a
misdiagnosis.

While low food intake characterizes R-AN subjects, equilibrated
energy balance was noticed in CT (38). Food restriction behav-
ior of R-AN patients was found to be in opposition with the
theoretical action of most of the appetite regulating hormones.
Orexigenic gastric hormone ghrelin and the related gene derived
peptide obestatin are elevated in all studies without orexigenic
effect (13, 39). Ghrelin gene variants (40) or circulating antibodies
(41) are proposed to explain the“ghrelin-resistance.” Interestingly,
a normal ghrelin level is found in lean anorectic patients (AN)
with bingeing and in normal weight bulimic patients. High ghre-
lin seems to be a mark of restrictive subtype of AN (restrictive
only and binging associated) (42). A recently discovered hypothal-
amic orexigenic peptide called 26 RFa is also increased in R-AN,
and oppositely normal in CT (43). These hormones act through

Anorexia nervosa Cons!tu!onal thinness

BMI  ≤ 17,5 kg/m²

Presence of ea!ng disorders No ea!ng disorders; de-restric!on

Psychological disorders No psychological disorders

Amenorrhea Physiological menses

Hormonal abnormali!es= undernutri!on

T3 ↓, lep!ne↓, IGF-1 ↓, GH ↑

Cor!sol↑, ACTH ↑, 17 β E2 ↓, LH ↓, FSH ↓

No hormonal abnormali!es

= no sign of undernutri!on

Blunted fat mass Diminished fat mass 

Nega!ve energy balance Equilibrated / posi!ve energy metabolism

Weight loss / broken weight growth curve Stable weight within lower percen!le of growth curve

FIGURE 1 | Psychiatric, hormonal, and energy balance differences between CT and AN.
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the orexigenic neuron and peptide NPY. Conflicting results were
reported on pre-prandial plasma NPY (39). A low-circulating NPY
could explain the non-efficacy of orexigenic hormones. Recent
work showed role of NPY was more complex (44). These results
need confirmation by circadian assessment of NPY levels. NPY
data are not available in CT yet.

In CT, ghrelin and obestatin are in a normal range (13, 39).
Therefore, normal ghrelin levels in a pure R-AN patient are ques-
tionable. In this case, misdiagnosis of CT or purging type AN
should be discussed (42).

Studies on anorexic appetite regulating hormones as PYY and
GLP-1 in AN present with conflicting results (11, 45, 46). PYY level
in R-AN was found in normal range in our experience (11), but
elevated in another study (47), perhaps due to the misdiagnosis
of CT. Indeed, we reported in CT a high-PYY level throughout
the day (08, 12, 16, 20, 24, 04 h) (11). CT’s leptin was found lower
than in controls but higher than in R-AN with preserved circadian
variation. Finally, low level of leptin, another anorexic peptide,
found in all R-AN studies (13, 48) is probably more informative
on the fat mass than on the eating behavior. Discrepancies found
in appetite regulating hormones are in line with differences found
in questionnaires measuring restrained eating behavior (DEBQ)
or shape concern (EDE). Many questionnaires were proposed for
eating disorders phenotyping. EDI questionnaire is a self-report
questionnaire used to assess the presence of eating disorders,
anorexia nervosa both restricting and binge-eating/purging type
(49). EDE questionnaire deals with the frequency in which the
patient engages in behaviors indicative of an eating disorder over
a 28-day period (restraint, eating, shape, weight concern) (50),
DEBQ was developed to measure emotional external and restrain
eating (51). All of these psychological scales present pathological
scores in AN but not in CT. Moreover, we found an unrestrained
eating behavior in CT when compared to controls (3).

For the same, low BMI, anorectic behavior, and adaptive
appetite regulating hormone characterizes R-AN patients and
distinguishes them from CT patients.

Finally, genetic pathophysiologic role in AN was proposed
throughout polymorphism gene studies (52) or familial histories
of disease (53). Recently, two studies reported a tendency to the
gene hypothesis without the statistical significantly in 421 probants
for the first and 1606 probants for the second (54, 55). Significant
ratio of chromosome 16p11.2 region duplications was previously
noticed in lean patients with autism or schizophrenia (56), with-
out any argument to relate these results to leanness rather than to
psychiatric disorders. No genetic signature can be proposed at this
moment for the CT patients despite the family pedigree (38). Some
studies are in progress but no results are available. Along with all
these data on genetic approach, it is important to underline the role
of lean subjects’ phenotyping within these large cohorts’ studies.

DISCUSSION
This review focused on biological differences between R-AN and
CT. As CT display specific clinical features and normal hormonal
parameters, the misdiagnosis between CT and R-AN is no longer
permitted. A very thin girl who claims a normal diet should be
heard and not considered as a “liar” AN patient. A biological

assessment including leptin, free-T3, and IGF-1 is proposed in
order to avoid a misdiagnosis.

This review also focused on conflicting literature data reported
in R-AN. Because of the clinical or biological heterogeneity of
patients selected for the studies, publications results cannot always
be compared and could explained the conflicting data. Therefore,
straight and objective classification also called “phenotyping” is
required in clinical research in order to obtain better compara-
ble symptoms. For example, the definition shift between DSM IV
and DSM5 changes the developing risk of AN, double in a dancer
population (57) or in general population (58). Biological assess-
ment including hormonal, nutritional markers, neuroimaging, or
questionnaires could help on AN phenotyping. Currently, no bio-
logical determination or questionnaire evaluations are required
for AN definition in DSM5.

In conclusion, CT represents a well-defined real state of low
BMI associating a real weight gain desire, normal nutritional
markers except for a mild decreased leptin, a constitutive appetite
regulating hormone profile, the presence of menses in young
women and low bone mass. While CT diagnosis is still poorly
known, the new DSM5 AN definition proposing only psycho-
logical traits and no organic symptom is warring. In line with
mentioned somatic differences, we advocate complementary bio-
logical markers in AN definition in order to avoid the misdiagnosis
between AN and CT.
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Neuropsychiatric symptoms are frequent in obesity. In addition to their substantial eco-
nomic and health impact, these symptoms significantly interfere with the quality of life
and social function of obese individuals. While the pathophysiological mechanisms under-
lying obesity-related neuropsychiatric symptoms are still under investigation and remain to
be clearly identified, there is increasing evidence for a role of inflammatory processes. Obe-
sity is characterized by a chronic low-grade inflammatory state that is likely to influence
neuropsychiatric status given the well-known and highly documented effects of inflam-
mation on brain activity/function and behavior. This hypothesis is supported by recent
findings emanating from clinical investigations in obese subjects and from experimen-
tations conducted in animal models of obesity. These studies converge to show that
obesity-related inflammatory processes, originating either from the adipose tissue or gut
microbiota environment, spread to the brain where they lead to substantial changes in
neurocircuitry, neuroendocrine activity, neurotransmitter metabolism and activity, and neu-
rogenesis. Together, these alterations contribute to shape the propitious bases for the
development of obesity-related neuropsychiatric comorbidities.

Keywords: obesity, inflammation, neuroinflammation, cytokines, gut-brain axis, mood, cognition, neuropsychiatric
symptoms

INTRODUCTION
The pandemic of obesity represents a major public health concern,
as this disorder is associated with an increased risk of med-
ical comorbidities contributing to a significant rise in mortality.
Among those comorbidities related to obesity, neuropsychiatric
disorders are particularly preoccupying. Not only neuropsychi-
atric symptoms affect the quality of life of obese subjects and
contribute to their social impairment, but also they represent
potent risk factors for aggravation of obesity. Given the grow-
ing prevalence of both obesity and neuropsychiatric disorders
worldwide, the identification of the mechanisms underlying their
comorbid association is urgently needed.

While different mechanisms are likely to be involved in the
development of neuropsychiatric comorbidity in obesity, there is
increasing evidence for a role of inflammatory processes. Chronic
low-grade inflammation is an important characteristic of obe-
sity and inflammatory processes are notorious for modulating
brain functions and causing behavioral alterations. Recent clin-
ical findings indicate that the increased systemic expression of
inflammatory markers (e.g., cytokines) in obesity correlates with
neuropsychiatric status, notably as it relates to mood and cogni-
tive function. Moreover, studies in experimental animal models
of obesity contribute to show that obesity-related inflammation
manifests not only at the periphery but also within the brain
where it modulates neurocircuitry, neurochemistry, and behav-
ior. These findings that provide strong support to the notion
that obesity-related inflammation plays an important role in the

pathophysiology of neuropsychiatric symptoms will be presented
and discussed in the present review.

NEUROPSYCHIATRIC COMORBIDITY IN OBESITY
Neuropsychiatric comorbidity, including mood and anxiety disor-
ders, binge eating, and mild cognitive impairment, is frequent in
obesity and is associated with a significant reduction in the quality
of life and social functioning of obese individuals. Among those
disorders often seen in obese subjects, depressive symptoms are
particularly frequent with a prevalence rate significantly higher
(up to 30%) compared to the general age-matched population
(1–5). Similarly, reports of cognitive disturbances in obesity are
multiple. Those alterations concern primarily planning function,
problem solving, mental flexibility, and inhibitory processes, sug-
gestive of frontal lobe alterations (6–9). Impairment in memory,
regardless of age, has been also reported (10, 11). Associations
between obesity and cognitive impairment have been more often
reported in cross-sectional studies comparing performance from
overweight/obese subjects to performance from lean participants.
Nevertheless, a predictive longitudinal association of obesity with
the development of age-related cognitive deficit has also been
documented in several reports (12–14).

The directionality of the relationship between obesity and neu-
ropsychiatric symptoms is usually difficult to determine from
clinical studies. The significant improvement in mood and cog-
nitive function reported after weight loss induced by bariatric
surgery or diet restriction in obese subjects supports the hypothesis
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that obesity significantly impacts neuropsychiatric status and con-
tributes to the development of neuropsychiatric comorbidity (15–
22). Nevertheless, other reports indicate that preexisting mood
and cognitive alterations can promote and/or predict the devel-
opment of later obesity (23–26), attesting of the bidirectional link
between obesity and neuropsychiatric status. To further address
this issue, animal models of obesity represent certainly a use-
ful and unique opportunity. Several models of obesity resulting
either from genetic manipulations or diet modifications have
been developed over the last decades (27). Among those mod-
els, diet-induced obesity (DIO) is probably the closest to human
obesity with respect to etiological aspects. Moreover, because of
its longitudinal characteristic, DIO allows the investigation of the
mechanisms and pathophysiological changes preceding the devel-
opment of obesity-related comorbidities, including neuropsychi-
atric alterations. Genetic models of obesity, in particular severe
obesity, are also of great interest to explore the genetic–metabolic–
brain interactions associated with obesity-related comorbidities.
In that context, ob/ob (deficient for leptin) and db/db (defi-
cient for functional leptin receptor) mice are particularly relevant
as, in addition to metabolic disorders, these mice also display
brain alterations (28–30). Overall, behavioral changes reported in
experimental models of obesity include alterations in emotional
reactivity and impairment in learning and memory [for review,
see Ref. (31)]. Relevant to neural function, significant decreases
in hippocampal-dependent learning together with impaired hip-
pocampal neurogenesis and neuronal plasticity have been docu-
mented in animal models of DIO, notably in young mice (32–
35). Similar results were described in db/db mice (28–30), sup-
porting the notion that the hippocampus plays a major role in

mediating obesity-associated cognitive impairment. Interestingly,
db/db mice also display anxiety-like behavior (36). In contrast,
depressive-like behavior appears to be mostly unchanged in ani-
mal models of obesity (36, 37), except in challenging conditions
including stimulation of the immune system (38–40). Altogether,
these data comfort the notion that neuropsychiatric comorbidi-
ties in obesity rely on interactions involving multiple systems,
including metabolic characteristics, environmental influences, and
immune-related processes.

OBESITY AND INFLAMMATION
Basal systemic low-grade inflammation is a fundamental charac-
teristic of obesity, which is now considered not only as a metabolic
disorder but also as an inflammatory condition affecting both
the innate and acquired immune systems (41, 42). Obesity is
characterized by increased levels of circulating proinflammatory
cytokines [including interleukin (IL)-1β, tumor necrosis factor
(TNF)-α, and IL-6], accumulation of leukocytes within the adi-
pose tissue and other organs, activation of macrophages in the
liver and fat, and activation of proinflammatory signaling path-
ways in multiple organs (43, 44). Inflammatory markers in obesity
correlate more with measures of central adiposity, such as waist
circumference and waist-to-hip ratio, rather than with the gen-
eral measure of body mass index (BMI) (45–48). Interestingly,
significant improvement in inflammatory profile is obtained after
weight loss induced by low-caloric diet or bariatric surgery in
obese individuals (49–54).

Different mechanisms have been identified as playing a major
role in the instauration of the chronic low-grade inflammatory
state that characterizes obesity (Figure 1). One major player is

FIGURE 1 | Mechanisms underlying chronic low-grade inflammatory
state in obesity. The adipose tissue is an important contributor of chronic
low-grade inflammation in obesity (A). Weight gain is associated with
substantial changes in the function of adipocytes that increase their secretion
of adipokines, including inflammatory factors. Moreover, infiltration of
immune cells, i.e., macrophages and T cells, in the adipose tissue is also
responsible for the adipose secretion of inflammatory cytokines. Additional

mechanisms, including alterations in the gut microbiota, contribute also to the
instauration of obesity-related inflammation (B). Obesity is associated with
modifications in gut microbial population and with an increased permeability
of the intestinal wall that promotes the passage of LPS in the circulation,
leading thus to the development of chronic low-grade endotoxemia and the
increased production of inflammatory factors. IL-1β, interleukin-1β; IL-6,
interleukin-6; LPS, lipopolysaccharide; TNF-α, tumor necrosis factor-α.
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the adipose tissue that has the ability to secrete adipokines and in
which macrophages accumulate and potently secrete inflamma-
tory factors (55–59). Moreover, an additional role for T cells in
the development of adiposity-related inflammation is supported
by several recent studies (57, 60–63). Obesity-related inflamma-
tion can also be triggered by pathogens, as there is now evidence of
gut microbiota alterations associated with inflammatory processes
in obesity (64, 65). In obese animals, gut microbial population is
altered independently of diet characteristics (66), notably in the
form of decreased Bacteroidetes and Bifidobacterium populations
together with increases in the number of Firmicutes (64, 66, 67).
High-fat diet is also associated with alterations in gut permeability
leading to the instauration of a state of chronic low-grade endo-
toxemia (presence of lipopolysaccharide, LPS, in the blood) that is
believed to contribute to obesity-related inflammation by the acti-
vation of systemic macrophages through the binding of LPS on
TLR4 (68, 69). Similarly, recent clinical data in obese individuals
indicate significant associations between gut microbiota modifica-
tions, reflected by the reduction in Bacteroidetes/Firmicutes ratio,
and markers of local and systemic inflammation (67) and doc-
ument improvement in the intestinal microbiota profile and in
serum levels of an endotoxemia marker (LPS binding protein)
following weight loss (70–72).

It is now clear that systemic inflammation in obesity contributes
to both increased central inflammatory processes (notably in the
hippocampus and hypothalamus) and metabolic dysregulations,
including insulin-resistance. While these mechanisms are believed
to play a major role in the development and maintenance of obe-
sity (68, 73), their specific contribution to the development of the
disorder is still under investigation. With respect to central inflam-
mation, db/db mice that exhibit immune defects such as increased
systemic inflammation and reduced immune competence (64, 74,
75) also show increased hippocampus cytokine expression (36,
37), and these effects are associated. Moreover, there is mounting
evidence for enhanced cytokine expression and microglial activa-
tion in the hypothalamus in animal models of obesity (76–78).
Consistent with these experimental findings, clinical indication of
gliosis was recently reported in the mediobasal hypothalamus of
obese individuals (79). While it is likely that central inflammation
in obesity results from adiposity-related systemic inflammatory
processes, the increases in circulating levels of TLR4 ligands and
free saturated fatty acids following impaired gut permeability in
high-fat diet mice (68, 80) may alternatively contribute to cen-
tral inflammation, through activation of TLR4/MyD88 signaling
(81, 82). Further investigation is needed to determine whether
central activation of inflammatory processes occurs as a result of
peripheral inflammation or whether it represents an early event
promoting the development of obesity following a high-fat diet.

With regard to inflammation-related metabolic dysregulations,
the inflammatory cytokine, TNF-α, was found to play an impor-
tant role in the pathogenesis of insulin-resistance and type 2 dia-
betes (83–85). Inflammatory factors are also strong modulators of
energy balance mainly due to their effects on the brain, in particu-
lar the hypothalamus (76), a mechanism that may promote weight
gain through impairment of local peptidergic neuronal networks
involved in food intake (73, 86). Interestingly, obesity-associated
inflammation, notably as it relates to the visceral adipose tissue,

was found to impact obesity treatment outcomes, with increased
adipose expression of immune cells and inflammatory markers
being associated with lower BMI reduction after bariatric surgery
in severely obese patients (57).

CENTRAL EFFECTS OF INFLAMMATION: EVIDENCE AND
MECHANISMS
There is clear evidence for a role of proinflammatory cytokines
in the development of neuropsychiatric symptoms (87). Proin-
flammatory cytokines released locally by activated innate immune
cells have access to the brain, through different mechanisms that
have been reviewed elsewhere (87). These pathways, which include
humoral, neural, and cellular routes, ultimately lead to the produc-
tion of cytokines by activated glial cells, in particular microglia,
within the central nervous system (CNS). While microglia activa-
tion normally exerts a protective action on the CNS, its unregulated
and chronic activation may in contrast become deleterious. Within
the brain, proinflammatory cytokines activate the neuroendocrine
system, impair neurotransmitter metabolism and function, and
alter neural plasticity and brain circuitry (87). These biologi-
cal alterations are associated with a large number of behavioral
changes that have been referred to as sickness behavior (88).
Necessary for the recovery of the host to the infection, sickness
behavior usually resolves within few days. However, in cases of
chronic and unregulated activation of the immune system, sick-
ness behavior may evolve into clinically relevant neuropsychiatric
symptoms, including depression and cognitive symptoms (88). At
the clinical level, strong evidence for a role of cytokines in the
development of neuropsychiatric comorbidity emanates from the
model of cytokine therapy,based in particular on interferon (IFN)-
α administration. Using this model, we and others have shown
that IFN-α induces major depression in up to 45% of treated
patients (89, 90) and that this effect relates on inflammation-
induced alterations in the hypothalamic–pituitary–adrenal (HPA)
axis, neurotransmitter function, and enzymatic pathways involved
in the metabolism of monoamines (87, 91). Consistent with
this last point, inflammatory factors are able to induce the syn-
thesis of the enzymes indoleamine 2,3-dioxygenase (IDO) and
GTP-cyclohydrolase 1 (GTP-CH1) in monocytes/macrophages
and dendritic cells, which results in significant alterations in
the biosynthesis of key monoamines (e.g., serotonin, dopamine)
known to play a major role in mood regulation and cognitive
function. Moreover, IDO is the first and rate-limiting enzyme that
catabolizes tryptophan along the kynurenine pathway, a pathway
leading ultimately to the production of neuroactive metabolites
that have been associated with depressive symptoms in IFN-
α-treated patients (92). In particular, IDO activation results in
an increased production of the glutamatergic metabolites, 3-
hydroxykynurenine, and quinolinic acid, which are well-known to
induce neuronal death and to whom brain or cerebrospinal fluid
concentrations were found to be increased in several neuropsychi-
atric or neurodegenerative diseases (93–96). Consistent with these
data, inflammation-induced depressive- and anxiety-like behav-
iors in mice can be prevented by pharmacological or genetic inhibi-
tion of brain IDO activation (97–101). Moreover, NMDA receptor
blockade abrogates cytokine-induced depressive-like behavior in
mice (102). Interestingly, the hippocampus was found to play an
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important role in cytokine and IDO activation (103–106) and dys-
regulated activation of hippocampal microglia was associated with
sustained IDO activity and protracted depressive-like behavior
(104). Moreover, emotional alterations linked to inflammation-
induced hippocampus IDO activation in mice was associated
with reduced hippocampal expression of the brain-derived neu-
rotrophic factor (BDNF) (107) that contributes to mood regu-
lation and memory function. Altogether, these results point to a
pivotal role of IDO activation, particularly in the hippocampus, in
mediating cytokine-induced mood and cognitive alterations.

ROLE OF INFLAMMATORY PROCESSES IN OBESITY-RELATED
NEUROPSYCHIATRIC SYMPTOMS: CLINICAL AND
EXPERIMENTAL FINDINGS
Recent clinical findings support the hypothesis that inflammatory
processes contribute to neuropsychiatric comorbidity in obesity,
notably as it relates to mood status and cognitive function [see for
review, Ref. (108)]. In support of this notion, concentrations of the
inflammatory markers, C reactive protein (CRP) and IL-6, have
been associated with depressive symptoms in obese subjects or in
patients afflicted with the metabolic syndrome (109–111). Simi-
lar associations have been reported with leptin (112). Moreover, it
was recently shown that CRP levels explained approximately 20%
of the increase in depression scores over time in obese subjects
(113). Consistent with the role of adiposity in these associa-
tions, reductions in inflammatory markers following weight loss
induced by bariatric surgery were found to correlate with signifi-
cant improvement in the emotional status and depression scores of
severely obese individuals (114, 115). Given the bidirectional link
reported between obesity and depressive symptoms, it is highly
probable that depressive symptoms occurring in the context of
obesity-related inflammation may in turn contribute to obesity
maintenance, promoting thus the instauration of a vicious cir-
cle. Regarding cognitive function, a significant relationship was
reported between CRP levels and decreased performance on cog-
nitive tests targeting frontal lobe function in obese and overweight
women (116). Moreover, in patients with the metabolic syndrome,
higher levels of CRP and IL-6 were found to increase the risk
of age-related cognitive decline (117). While these data support
a role for obesity-related inflammation in the development of
neuropsychiatric symptoms, the literature is still sparse regarding
the causality of the events and the mechanisms that specifically
underlie these effects in the context of obesity. Result from ani-
mal models of obesity may help to start to address this issue.
In genetically or diet-induced obese rodents, increased cytokine
expression in the hippocampus and cortex is associated with
emotional and cognitive alterations (30, 31, 36, 37, 118). Inter-
estingly, hippocampal IL-1β expression in db/db mice is related
to adiposity and its blockade normalizes hippocampal dendritic
spine density and prevents synaptic dysfunction and cognitive
impairment (30). Associations have also been found between hip-
pocampal microgliosis and obesity-related elevation in plasma
glucocorticoids in the same mice (119). Consistent with the role
of inflammatory processes, a direct relationship has been recently
reported by our group between inflammation-related brain IDO
activation and the development of depressive-like behavior in
db/db mice (37). Similarly, we showed that DIO exacerbates

both hippocampal induction of cytokines and IDO in response
to an immune challenge and related behavioral changes (40).
Interestingly, exacerbated depressive-like behavior is also asso-
ciated in DIO mice with increased hypothalamic inflammation
(39, 40). Beyond its impact on energy homeostasis, hypothala-
mic inflammation might also influence obesity-related emotional
alterations. In addition to inflammatory processes, metabolic fac-
tors associated with obesity, including insulin or leptin, may also
be able to act within the brain and lead to behavioral alterations
(120). Nevertheless, several studies suggest that these factors per se
are not sufficient to explain neuropsychiatric symptoms occur-
ring in contexts of obesity. In support of this, increased emo-
tional behaviors and cognitive impairment have been reported
in animal models of obesity in the absence of any significant
hyperinsulinemia (32, 36, 40). Reciprocally, the normalization
of hyperglycemia in db/db mice was not effective in reversing
spatial cognitive impairment or anxiety-like behavior (28, 29).
Moreover, no difference in brain concentrations of glucose and
insulin was measured in both db/db and db/+ mice and these
concentrations remained the same when peripheral hyperinsu-
linemia was normalized (28). Altogether, these data point to brain
inflammation as a major player in the development of obesity-
related neuropsychiatric symptoms, although the pathways link-
ing inflammation to these symptoms still need to be thoroughly
studied.

INFLAMMATION-DRIVEN NEUROPSYCHIATRIC
COMORBIDITY IN OBESITY: POTENTIAL UNDERLYING
PATHWAYS
There are several pathways by which inflammation may promote
the development of neuropsychiatric comorbidity in the con-
text of obesity. Some of these mechanisms may be common to
various situations of chronic inflammation and some may be
more specific to the condition of obesity. Non-specific mecha-
nisms include diffusion of inflammatory markers from the adipose
tissue to the circulation and activation of relevant immune-to-
brain pathways including humoral, neural, and cellular routes
leading ultimately to the production de novo of inflammatory
cytokines within the CNS and subsequent alterations in CNS func-
tions (e.g., changes in neuroendocrine function, neurocircuitry,
enzymatic pathways, and neurotransmitter metabolism/function)
as described above. In particular, similar to other inflammatory
conditions, obesity has been often associated with alterations in
basal ganglia/reward circuitry and dopamine function (121, 122).
Accordingly, several studies have indicated that obesity is asso-
ciated with reduced striatal dopamine D2 receptor availability
together with alterations in the fronto-striatal network (123–125).
Moreover, investigations in rodents with DIO have shown sig-
nificant associations between alterations in striatal circuitry and
depressive-like behavior, suggesting a role for dopamine-related
disruptions in obesity-associated depressive symptoms (38). Rele-
vant to the contribution of inflammatory processes to these effects,
the basal ganglia and dopamine system are highly targeted by
inflammatory factors (126). In addition, inflammation-induced
neuropsychiatric symptoms, in particular fatigue, anhedonia, psy-
chomotor slowing, decreased motivation, and depressed mood,
have been found to relate to alterations in basal ganglia/dopamine
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function and striatal circuitry in subjects treated with immune
agents (127–129).

Alterations in neuroendocrine function – a mechanism highly
described in the neurobiology of mood disorders – represent
another common feature of inflammatory conditions, includ-
ing obesity. In particular, obese subjects have been shown to
exhibit an impaired feedback response to cortisol, similar to what
is observed in depression (130). The immune system and neu-
roendocrine system are in constant communication and immune
alterations are notorious for causing significant changes in neu-
roendocrine activity and vice versa. While the association between
low-grade inflammation and alterations in the neuroendocrine
system remains to be determined in obese subjects, it is highly pos-
sible that obesity-related neuroendocrine dysfunction contributes
to neuropsychiatric comorbidity in obese individuals.

Converging findings have highlighted the consequences of
deregulated hippocampal cytokines and neurotrophins expression
on mood, learning, and memory (88, 131, 132), and the negative
impact of cytokines on neurotrophins and synaptic plasticity (107,
133). Alterations in these mechanisms have been fully documented
in models of chronic stress exposure, a well-admitted contributor
of mood disorders (134, 135). Several clinical and experimental
data strongly suggest that these deregulations may similarly partic-
ipate to obesity-related neuropsychiatric alterations. Indeed, body
weight loss induced by lifestyle intervention program in young
obese patients normalizes plasma levels of BDNF (136). More-
over, cognitive impairment and emotional alterations reported in
DIO and genetic models of obesity are linked to increased inflam-
mation and reduced BDNF levels in the cortex (118) and the
hippocampus (36, 37). Reciprocally, anti-inflammatory interven-
tions in DIO mice reduce body weight, normalize hippocampal
levels of BDNF, and prevent hippocampus-mediated cognitive
impairments (137).

Alterations in the gut–brain axis represent one mechanism of
inflammatory-driven neuropsychiatric comorbidity that may be
more relevant to the condition of obesity. As already mentioned,
obesity is associated with alterations in the gut microbiota in
the form of modifications in microbiota populations, increased
gut permeability, and activated inflammatory processes. A rich
and complex communication network exists between the gut and
the brain that involves endocrine, immune, and neural pathways
(138), and there are now multiple evidences that impairment or
dysregulation in the gut–brain axis impacts on mood and cognitive
function (139). These data suggest that gut microbiota alterations
found in obesity may modulate gut-to-brain communication
pathways, leading thus to the development of neuropsychiatric
comorbidity.

Altogether, these data are in favor of the involvement of
inflammation-related complex non-exclusive pathophysiological
processes in the development of neuropsychiatric symptoms in
obesity. In that context, strategies to reduce inflammation either
by pharmacological or non-pharmacological interventions (e.g.,
diet, surgical weight reduction strategies, exercise) may help in the
prevention and management of obesity-related neuropsychiatric
comorbidity. In particular, nutritional factors with immunomod-
ulatory properties (i.e., omega-3 fatty acids, antioxidants) may
worth being considered.

CONCLUSION
Data presented in this review strongly support the notion that
inflammatory processes represent key players in the development
of neuropsychiatric comorbidities in obesity. In addition to clin-
ical investigations that clearly highlight the relationship between

FIGURE 2 | Pathophysiological mechanisms likely to underlie
neuropsychiatric comorbidities associated with obesity. The activation
of systemic inflammatory processes, originating from alterations in adipose
tissue and gut functions, can contribute to the development of
obesity-associated neuropsychiatric comorbidities. Proinflammatory
cytokines released at the periphery can access the brain via several
pathways (e.g., neural, humoral, and cellular routes) and induce the
activation of neuroinflammatory processes, primarily by activating
microglia. In the brain, proinflammatory cytokines impair neuroendocrine
activity, neurotransmitter function (e.g., 5HT, DA, glutamate), and
neurocircuitry, involving notably the hippocampus, the hypothalamus, the
basal ganglia, and the prefrontal cortex. Cytokines can also disturb
neurogenesis and induce neurotoxic effects through induction of
IDO-derived neuroactive/neurotoxic metabolites. Altogether, these brain
alterations lead ultimately to the development of
behavioral/neuropsychiatric symptoms. Deregulations of the gut–brain axis,
originating from changes in gut microbiota and permeability, may also
contribute to mood and cognitive symptoms. These
behavioral/neuropsychiatric symptoms can in turn promote the
development or maintenance of obesity through risky or unadjusted eating
behaviors. 5HT, serotonin; BG, basal ganglia; CNS, central nervous system;
DA, dopamine; IDO, indoleamine 2,3-dioxygenase; HC, hippocampus; HPA,
hypothalamic–pituitary–adrenal axis; LPS, lipopolysaccharide; PFC,
prefrontal cortex; neurogen, neurogenesis; neurotox, neurotoxicity.
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adiposity-related inflammation and neuropsychiatric symptoms
in obese individuals, animal studies provide strong evidence of
the direct effects of obesity-related neuroinflammatory processes
on brain function and neurocircuitry and on the development
of behavioral symptoms. The mechanisms and pathways leading
to neuropsychiatric comorbidities in obesity are also discussed,
starting from a general aspect to a viewpoint more specific to the
condition of obesity. The effects rely on complex communication
networks including the immune system, the gut, the neuroen-
docrine system, and key brain areas, including the hypothalamus,
the hippocampus, and the basal ganglia (Figure 2). Alterations in
monoamine metabolism and function, impaired neurotransmit-
ter activity together with the occurrence of neurotoxic effects likely
to promote neuronal death and decreased neurogenesis appear to
represent major pathophysiological pathways to neuropsychiatric
morbidity in obese individuals.
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Psychiatric disorders are often associated with metabolic and hormonal alterations, includ-
ing obesity, diabetes, metabolic syndrome as well as modifications in several biological
rhythms including appetite, stress, sleep–wake cycles, and secretion of their correspond-
ing endocrine regulators. Among the gastrointestinal hormones that regulate appetite and
adapt the metabolism in response to nutritional, hedonic, and emotional dysfunctions,
at the interface between endocrine, metabolic, and psychiatric disorders, ghrelin plays a
unique role as the only one increasing appetite.The secretion of ghrelin is altered in several
psychiatric disorders (anorexia, schizophrenia) as well as in metabolic disorders (obesity)
and in animal models in response to emotional triggers (psychological stress . . .) but the
relationship between these modifications and the physiopathology of psychiatric disorders
remains unclear. Recently, a large literature showed that this key metabolic/endocrine reg-
ulator is involved in stress and reward-oriented behaviors and regulates anxiety and mood.
In addition, preproghrelin is a complex prohormone but the roles of the other ghrelin-
derived peptides, thought to act as functional ghrelin antagonists, are largely unknown.
Altered ghrelin secretion and/or signaling in psychiatric diseases are thought to partici-
pate in altered appetite, hedonic response and reward. Whether this can contribute to the
mechanism responsible for the development of the disease or can help to minimize some
symptoms associated with these psychiatric disorders is discussed in the present review.
We will thus describe (1) the biological actions of ghrelin and ghrelin-derived peptides on
food and drugs reward, anxiety and depression, and the physiological consequences of
ghrelin invalidation on these parameters, (2) how ghrelin and ghrelin-derived peptides are
regulated in animal models of psychiatric diseases and in human psychiatric disorders in
relation with the GH axis.

Keywords: ghrelin, eating disorders, food reward, alcohol and drug addiction, anxiety, depression, growth hormone

INTRODUCTION
Psychiatric disorders are often associated with metabolic and
hormonal alterations, including obesity, diabetes, metabolic syn-
drome as well as modifications in several biological rhythms
including appetite, stress, sleep–wake cycles, and secretion of their
corresponding endocrine regulators.

At the interface between endocrine, metabolic, and psychiatric
disorders, ghrelin plays a unique role as the only one increas-
ing appetite. Ghrelin was initially identified as a gastrointestinal
peptide originating from the stomach (1, 2) and as an endoge-
nous ligand for the GH secretagogue receptor (GHS-R1a), the only
ghrelin receptor identified so far. In addition to its primary effect
as a GH secretagogue, ghrelin modulates many other neuroen-
docrine and metabolic functions: it is a powerful orexigenic and
adipogenic peptide and a long-term regulator of energy homeosta-
sis (3, 4). The actions of ghrelin on GH secretion and food intake
require the addition of an eight-carbon fatty acid that is attached
on a serine in position 3 by the enzyme ghrelin-O-acyltransferase
(GOAT) (5, 6) and are exclusively mediated through the GHS-
R1a. In addition, acyl ghrelin is processed from a 117 amino-acid

prohormone that is unique in that it encodes other proghrelin-
derived peptides with structural and functional heterogeneity. A
naturally occurring molecule encoded by the same prohormone
is desacyl ghrelin, which is the most abundant form in plasma (7)
and initially thought to be an inactive peptide resulting from dea-
cylation of ghrelin in tissues and blood (8). Another bioactive 23
amino-acid peptide is also derived from the same precursor and
was originally proposed as the endogenous ligand for the GPR-39
(9). Although non-endocrine biological activities, such as regula-
tion of glucose or lipid metabolism have been attributed to desacyl
ghrelin or obestatin through receptors that still need to be charac-
terized (10–12), some studies suggest that these derived peptides
also antagonize the effects of acylated ghrelin on food intake and
GH secretion (13, 14) (Figure 1).

The GHS-R1a is highly expressed in the hypothalamus, a region
that controls neuroendocrine functions such as GH secretion,
stress, and appetite, in the dorsal vagal complex that receives inputs
from gut vagal afferents and also in the mesolimbic dopaminergic
system of the ventral tegmental area (VTA) involved in addiction
and reward (15, 16). Consistently, a recent literature shows that
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FIGURE 1 | Physiological effects of the different preproghrelin-derived
peptides on GH secretion, adiposity, food reward, drugs reward, and
anxiety/depression. Preproghrelin is a unique prohormone as it encodes
several preproghrelin-derived peptides with structural and functional

heterogeneity. Whereas the contribution of acyl ghrelin, which binds to the
GHS-R1a, has been well explored, the roles of the other variants, desacyl
ghrelin, and obestatin, through receptors that still need to be identified, in
these regulations need to be clarified.

ghrelin is involved in stress and reward-oriented behaviors and
regulates anxiety and mood. Thus, ghrelin is thought to adapt
metabolism in response to emotional dysfunctions. Consistent
with such hypothesis, the secretion of the gastrointestinal hor-
mone and its derived peptides is altered in several psychiatric dis-
orders (anorexia, schizophrenia) as well as in metabolic disorders
(obesity) and in animal models in response to emotional triggers
(such as psychological stress) but the relationship between these
modifications and the physiopathology of psychiatric disorders
remains unclear, especially since contradictory results arise from
the literature. Interestingly, although the prevalence of most psy-
chiatric disorders is not higher in obese individuals, the incidence
of depression and anxiety is increased in this pathology (17).

The focus of this article is to review recent data concerning (1)
the biological actions of ghrelin and ghrelin-derived peptides on
food and drugs reward, anxiety, and depression by exploring phar-
macological actions of the peptides in both rodents and humans
and consequences of genetic or pharmacological blockade of the
ghrelin/GHS-R system on these parameters, and (2) how ghrelin
and ghrelin-derived peptides are regulated in human psychiatric

disorders and animal models of psychiatric diseases such as eating
disorders, anxio-depressive disorders, addiction to alcohol, and
drugs of abuse. The link between ghrelin-derived peptides, GH
axis, and psychiatric disorders will also be discussed.

PREPROGHRELIN-DERIVED PEPTIDES IN EATING DISORDERS
PREPROGHRELIN-DERIVED PEPTIDES AND FOOD REWARD
Many psychiatric disorders are associated with an alteration in
reward-related behaviors linked to the consumption of either
natural reward (food) or drugs of abuse (alcohol, cocaine, nico-
tine, . . .). Both behaviors involve the meso-cortico-limbic system,
including a dopaminergic projection from the VTA to the nucleus
accumbens (NAcc).

Pharmacological actions of ghrelin in animals and humans
A significant number of studies suggest that ghrelin acts directly on
the VTA to increase preference for and motivation to obtain highly
palatable food but no data are available on the actions of the other
ghrelin-derived peptides (Figure 1). In animal models, motiva-
tion to obtain rewarding food (like sucrose) is tested in an operant
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system by measuring lever pressing or nose poking in a progres-
sive ratio paradigm. In such behavioral tests, either intraperitoneal
(i.p), intracerebroventricular (i.c.v) or intra-VTA but not intra-
NAcc ghrelin administration induces motivation for palatable
food by increasing operant lever pressing for sucrose pellets or
for 5% sucrose solution in rats (18–20). Similarly, reinforcement in
satiated rats and motivation for highly palatable food even in food-
restricted animals are increased after intra-VTA chronic ghrelin
infusion (21). Interestingly, this operant response to sucrose pel-
lets following acute intra-VTA ghrelin is prevented by forebrain
dopamine depletion (6-OHDA) (22). In addition, ghrelin-induced
increases in lever presses for a 5% sucrose solution is inhibited by
pre-treatment with the D1-R antagonist, SCH-23390, but not D2-
R antagonist, indicating that ghrelin-induced motivation for food
is mediated via D1-R dependent mechanism. However, the signif-
icant increase for food motivation/reward behavior observed after
ghrelin injection in the VTA is abolished by a pre-treatment with
D1- or D2-receptor antagonist, injected in the NAcc, a main target
of VTA dopaminergic neurons (23).

Ghrelin can also modify food preference, that can be measured
in rodents by a free choice feeding paradigm, where animals are
given a free choice of either chow or highly palatable food. Indeed,
acute bilateral intra-VTA injection of ghrelin in rats increases
consumption of rewarding food (peanut butter) but not stan-
dard chow and i.c.v ghrelin-induced motivation for this rewarding
food is reduced in VTA-lesioned animals (24). Furthermore, in
a two-bottle open access paradigm, i.c.v ghrelin injections in
rats increases consumption of a 5% sucrose solution and this
is prevented by i.p administration of 18-methoxycoronaridine, a
selective antagonist of α3β4 nicotinic receptors, known to reduce
operant response to sucrose (25). However, whether the palata-
bility or the energetic value of energy-rich food is increased by
ghrelin is still unresolved. In a single bottle test, mice injected
i.p with ghrelin show a significant increase in saccharin intake,
in the presence or in the absence of regular food. In addition,
in a free-choice preference test, preference for the non-nutritive
saccharin-flavored jelly is enhanced by i.p ghrelin injection in mice,
demonstrating that ghrelin can augment the overconsumption of a
sweet palatable non-nutritive solution, even when presented with-
out any source of calories (26). However, when rats are given the
choice between a palatable yet low-calorie sucrose solution or a
calorically dense chow, i.c.v or intra-PVN ghrelin administration
results in an increased intake of chow but not sucrose, suggesting
that the primary effect of ghrelin is to stimulate food to satisfy
energy needs (27).

Hedonic and rewarding effects of ghrelin are also observed in
humans. Indeed, ghrelin administered intravenously to healthy
volunteers during fMRI increases the neural response to high-
energy- and low-energy-food pictures evaluation task in brain
regions involved in reward processing and hedonic feeding,
including amygdala, orbitofrontal cortex, anterior insula, striatum
and/or hippocampus (28, 29), and ghrelin effects in the amygdala
are correlated with self-rated hunger score (28).

Genetic or pharmacological blockade of the ghrelin/GHS-R pathway
Suppressed intake of rewarding food in a free-choice food para-
digm, lack of cue-potentiated feeding and suppressed motivation

for food in an operant responding model in ghsr−/− mice support
a role of the endogenous peptide in hedonic eating [for review, see
Ref. (30)]. Attenuated motivation for food in an operant respond-
ing model and decreased hedonic feeding response for a palatable
high-fat dessert has also been described in mice invalidated for
GOAT, the enzyme that acylates ghrelin, suggesting that a specific
role for acyl ghrelin in this response (31).

REGULATION OF PREPROGHRELIN-DERIVED PEPTIDES IN ANIMAL AND
HUMAN PATHOPHYSIOLOGY
Animal pathophysiology
In obesity, changes in food intake and reward-associated behaviors
can be observed, often accompanied by alterations in eating pat-
terns and increased intake of foods with high fat and sugar content
[for review, see Ref. (32)]. Studies in animal models evidenced
a dysregulation of the ghrelinergic pathway in obesity. Indeed,
the long-term exposure to high-fat diet in the diet-induced obese
mouse model leads to lower plasma acyl ghrelin (AG) and total
ghrelin (TG) levels (Table 1), reduced hypothalamic GHS-R1a
expression and suppressed feeding response to ghrelin injections
(33, 34), indicating central ghrelin resistance. Interestingly, the
modulatory action of ghrelin on reward on a progressive ratio
paradigm is blunted in C57BL/6 mice with diet-induced obesity
(35), supporting a dysfunction of the reward system and ghrelin
resistance at the level of the reward circuit as well in obesity.

Human pathophysiology
Dysregulation of the ghrelinergic system is also observed in human
obesity [for review, see Ref. (43)] in relation with the alteration in
the reward system (44) (Table 2). In most obese syndromes, low
plasma ghrelin levels is due to a reduction in the desacyl form
of ghrelin whereas acyl ghrelin is either increased, decreased or
unchanged (45–47) (Figure 2). In contrast, in Prader–Willi syn-
drome, a rare genetic disorder characterized by multiple symptoms
including severe binge-eating, growth retardation as well as learn-
ing disabilities, anxiety and depression, hyperghrelinemia corre-
lates positively with hyperphagia (48, 49) and is mostly due to an
increase in acyl ghrelin levels whereas desacyl ghrelin and obestatin
are unchanged (50, 51). Although the origin of these elevated ghre-
lin levels remain unclear, it could result from undernutrition due
to a failure to thrive during infancy.

Anorexia nervosa is a major cause of undernutrition in young
women. In most of the studies, plasma acyl ghrelin and obestatin
levels are elevated in anorexic patients with a pure restrictive-
type (AN-R) compared to control or obese subjects (52–54, 87)
and an inverse correlation between acyl ghrelin or obestatin and
body mass index (BMI) is found (52). In contrast to AN-R, in
patients with binge-purging (AN-BP), acyl ghrelin is increased and
obestatin levels reduced or unchanged (53, 54), suggesting differ-
ent abilities to adapt to starvation in AN-R and AN-BP despite
similar BMI (Table 2). Inability of ghrelin to induce appetite
during intravenous infusion may suggest some resistance to the
orexigenic peptide in AN-R patients (55). However, pharmaco-
logical effects of ghrelin in AN have not been conclusive yet as
some studies also reported increased hunger sensations after ghre-
lin treatment (56, 57). Data should be interpreted with caution
due to the small number of patients and the difficulty to evaluate
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Table 1 | Regulation of plasma ghrelin concentrations in different mouse models, nutritional status, and experimental conditions.

Type of study Reference Sex Animal model or strain Experimental conditions/
stimulus

Nutritional status Ghrelin secretion

E
at

in
g

d
is

o
rd

er
s/

o
b

es
it

y

(33) M Diet-induced obese C57BL/6

mice

12 weeks on HFD NA ↘ AG and TG in DIO mice

Hypothalamic ghrelin

resistance

(34) M Diet-induced obese C57BL/6

mice

12 weeks on HFD

response to fasting

20 h Fasting ↗ AG in response to fasting

in control and DIO mice

(35) M Diet-induced obese C57BL/6

mice

13 weeks on HFD

response to sucrose

reward

Free access to food Resistance to ghrelin-induced

sucrose reward

A
lc

o
h

o
l a

d
d

ic
ti

o
n

(36) M Wistar, Wistar high preferring

(WHP), Wistar low preferring

(WLP)

Naïve (no alcohol) 12 h fasting ↘ AG and TG in WHP

compared to WLP and Wistar

ethanol-naïve rats

(36) M Wistar, Wistar low preferring

(WLP), Wistar high preferring

(WHP) ethanol naive rat

Acute ip ethanol injection Free access to food ↘ AG and TG in Wistar and

WLP rats

(36) M Wistar alcohol-preferring (PR),

Wistar non-preferring (NP),

Wistar high preferring (WHP),

Wistar low preferring (WLP)

Chronic alcohol

consumption

12 h Fasting ↘↘ AG and TG in PR and

WHP rats

↘ AG and TG in NP and WLP

rats

(37) M Voluntary chronic alcohol

consumption in high-alcohol

(alko, alcohol: AA) and

low-alcohol (alko, non-alcohol:

ANA) consuming rats

Continuous then limited

access to increasing

alcohol concentrations in a

two-bottle-choice drinking

paradigm for 14 weeks

Free access to food ↘TG in AA rats

↘↘TG in ANA rats

(38) M Voluntary chronic alcohol

consumption in Wistar rats

Access to 20% alcohol in a

two-bottle-choice drinking

paradigm during 10 months

Free access to food Plasma ghrelin not assayed

Negative correlation between

GHS-R expression in the VTA

and alcohol intake

D
ru

g
ad

d
ic

ti
o

n (39) M Drug self-administration in

Lister hooded rats

Trained to self-administer

cocaine iv

Restricted diet regime Positive correlation between

plasma ghrelin and

cocaine-seeking behavior

S
tr

es
s/

an
xi

et
y/

d
ep

re
ss

io
n

(40) NA Caloric restriction 60% Caloric restriction

during 10 days

60% Caloric restriction ↗ GA

(40) M Chronic social defeat stress

(CSDS)

10 days of CSDS Free access to food ↗ GA associated with

increased caloric intake and

weight gain

(41) M Chronic social defeat stress

(CSDS)

10 days of CSDS Free access to food ↗ GA and = GNA in both WT

and KO

Attenuated weight gain and

feeding in GHS-R compared

to WT

(42) M High-anxiety Wistar Kyoto and

low-anxiety SD rats

Unstressed Free access to food ↘TG in high-anxiety

compared to low-anxiety rats

(42) F High-anxiety Wistar Kyoto

(WKY) and low-anxiety SD

(SPD) rats

Acute exposure to water

avoidance

Free access to food ↗TG in WKY

↗↗TG in SPD

M, male; F, female; NA, not available; TG, total ghrelin; AG, acyl ghrelin; Ghrelin, no information on isoform measured.
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Table 2 | Regulation of plasma ghrelin/obestatin concentrations in different human pathologies, health and nutritional status, and experimental

conditions.

Type of
study

Reference Sex Subjects and health status Experimental conditions/
stimulus

Nutritional status/time
of sampling

Ghrelin/obestatin secretion

E
at

in
g

d
is

o
rd

er
s/

o
b

es
it

y

(52) 32 F 10 Obese (OB)

11 Anorexia nervosa (AN)

11 Healthy controls (HC)

Basal conditions Morning after overnight

fast

↘ G,↘ AG,↘ obestatin (OB)

↗ AG,↘ DAG,↗ obestatin

(AN)

(53) 41 F 10 Constitutional thinness

(CT) 15 AN-R

7 AN-R recovered (PRAN)

9 HC

Basal conditions Morning after overnight

fast

Circadian pattern (every

4 h)

↗ AG and TG,↗ obestatin

(AN)=AG,=obestatin (CT)

(54) 57 F 22 AN-R

10 AN-BP

16 AN-BN

9 HC

Basal conditions Morning after overnight

fast

Circadian pattern

↗ AG and TG,↗ obestatin

(AN-R)

↘ AG and TG,↘ obestatin

(AN-BP)

↘ AG and TG,↘ obestatin

(BN)

(55) 25 F 9 AN, 6 AN recovered, 10 CT Basal conditions Morning after overnight

fast

↗TG (AN)

(55) 25 F 9 AN

6 AN recovered

10 CT

Ghrelin infusion

(5 pmol/kg×min) during

300 min

Morning after overnight

fast

↘ GH response to ghrelin

= Feeding response to ghrelin

(56) 16 F 9 AN-R

7 HC

Basal conditions Morning after overnight

fast

↗TG (AN)

(56) 16 F 9 AN-R

7 HC

Acute ghrelin

administration (1.0 µg/kg)

Morning after overnight

fast

↘ GH response to ghrelin

= Glucose response to

ghrelin

(57) 5 F 5 AN-R Ghrelin infusion for

24 days: 3 µg/kg for 5 min

during 14 days before

breakfast and dinner

Morning after overnight

fasting

↗ Hunger sensation

evaluated as VAS score

(45) M

F

Normal weight

Obese, no metabolic

syndrome (no-MS)

Obese, metabolic syndrome

(MS)

Basal conditions Morning after overnight

fast

↘TG and DAG, = AG (MS)

↘TG and↗ AG (non-MS)

(46) 34 M Normal weight (17 M)

Overweight (17 M)

Basal conditions Fasting ↘TG and DAG (in OW)

= AG (in OW)

(47) 101 M

79 F

Normal weight (31 M, 34 F)

Obese, no metabolic

syndrome (no-MS) (40 M,

20 F)

Obese, metabolic syndrome

(MS) (30 M, 25 F)

Basal conditions Overnight fasting ↗ AG and↘ DAG (non-MS)

↗↗ AG and↘↘ DAG (MS)

(48) 21 M

27 F

Prader–Willi syndrome (PWS)

(10 M, 8 F)

Obese (4 M, 10 F)

Lean (7 M, 9 F)

Basal conditions Overnight fasting ↗TG (in PWS)

(Continued)
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Table 2 | Continued

Type of
study

Reference Sex Subjects and health status Experimental conditions/
stimulus

Nutritional status/time
of sampling

Ghrelin/obestatin secretion

(49) M

F

Prader–Willi syndrome (PWS)

obese controls

Basal conditions Fasting ↗TG (in PWS)

(50) 21 Prader–Willi syndrome (PWS)

(11)

Obese control children (10)

Identical BMI

Basal conditions Fasting ↗ AG

= DAG

(51) Prader–Willi syndrome (PWS)

(15)

Obese control children (18)

Identical BMI

Basal conditions NA ↗ AG and TG

= Obestatin

A
lc

o
h

o
l a

d
d

ic
ti

o
n

(58) 4 M

4 F

Healthy subjects

Non-obese (moderate social

drinkers)

Acute oral (ethanol versus

drinking water)

Morning ↘TG

(59) 6 M

6 F

Healthy subjects

Normal BMI (moderate social

drinkers)

Acute oral (ethanol versus

drinking water)

Overnight fasting

before and after ethanol

↘ AG and TG

(60) 9 M Healthy subjects

Normal BMI

Acute oral (ethanol versus

non-ethanol drink)+ stress

exposure

Early afternoon before

and after ethanol

↘TG

(61) 5 M

5 F

Healthy subjects

Non-obese (moderate social

drinkers)

Acute oral (ethanol versus

drinking water)

Morning fed before and

after ethanol

↘TG

= Obestatin

(62) 22 M

22 F

Healthy subjects

Normal BMI (moderate social

drinkers)

Acute intravenous (ethanol

versus saline)

Morning fed ↘TG,=obestatin

No gender effect

(63) 20 M Healthy subjects: lean (11) or

overweight (9)

Moderate alcohol during

3 weeks

Overnight fasting ↗ Ghrelin

(64, 65) 142 Healthy control (24)

Alcohol-dependent (early

abstainers, 21)

Alcohol-dependent (active

drinkers, 97)

Normal BMI

Chronic alcoholism Overnight fasting ↗ Ghrelin in alcoholic

compared to HC

↗ Ghrelin in early abstainers

compared to active drinkers

(66) 44

(M+F)

Healthy control (20) versus

alcohol-dependent (24)

Non-obese

Chronic alcoholism Overnight fasting ↘ Ghrelin

(67) 30 M Healthy control (15 M) versus

alcohol-dependent (15 M)

Non-obese

Chronic alcoholism Overnight fasting ↘ Ghrelin

Positive correlation between

ghrelin levels and alcohol

craving

(68) 115 M

39 F

Healthy control (12 F+33 M)

versus alcohol-dependent (27

F+82 H)

Normal BMI

Chronic alcoholism NA ↗ Ghrelin (females)

= Ghrelin (males)

Positive association between

ghrelin and alcohol craving

(Continued)
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Table 2 | Continued

Type of
study

Reference Sex Subjects and health status Experimental conditions/
stimulus

Nutritional status/time
of sampling

Ghrelin/obestatin secretion

(69) 97 M Healthy control (50 M) versus

alcohol-dependent abstainers

(47 M)

Normal BMI

>30 days of abstinence Overnight fasting ↗ Ghrelin

Positive correlation between

ghrelin and duration of

abstinence

(70) 111 M Healthy control (50 M) versus

alcohol-dependent abstainers

(61 M)

14 days of abstinence Overnight fasting ↗ AG and =TG

Positive association between

AG and alcohol craving

(71) 64 M Alcohol-dependent abstainers

(64 M) classified in normal

glucose tolerance (NGT),

pre-diabetes (pre-DM) and

diabetes (DM)

Normal BMI

>30 days of abstinence

with rehabilitation

treatment

Overnight fasting ↗ Ghrelin in NGT

↗↗ Ghrelin in pre-DM and

DM

D
r u

g
ad

d
ic

ti
o

n

(72) 11 Heavy smokers Acute 24 h nicotine

withdrawal

Fed a light meal 2 h

before

No association between TG

and craving or withdrawal

symptoms

(73) 123 M

143 F

Young adults

Normal BMI

Intrauterine exposure to

prenatal smoke

Smoking and food

ad libitum

↗TG

(74) 54 M Smokers (31 M) and

non-smokers (23 M)

Slightly overweight

Chronic smoking Overnight fasting and

abstinence from

smoking

=TG

(74) 54 M Smokers (31 M) and

non-smokers (23 M)

Slightly overweight

Acute smoking (2

cigarettes)

Overnight fasting and

abstinence from

smoking

=TG (smokers)

↘TG (non-smokers)

(75) 24 M

26 F

Healthy non-smokers

Normal BMI

Nicotine administration Overnight fasting = DAG

(60) 9 M Healthy subjects Psychological

stress=public speaking

stressor

NA =TG

S
tr

es
s/

an
xi

et
y/

d
ep

re
ss

io
n

(76) 8 M

16 F

Normal weight (8)

Obese (8)

Binge-eating (8)

Psychological

stress= standardized trial

social stress test

(TSST)=public speaking

Morning after light

breakfast

=TG after psychological

stress Positive correlation

between the change in TG

and the change in cortisol

(77) 103 F Healthy subjects Stress=public speaking Food provided ↘ AG in emotional eaters

↗ AG in women anticipating

the stressor compared to

those not subjected to the

stressor

↘ AG in non-emotional eaters

following food consumption

= AG in non-emotional eaters

following food consumption

(78) 68 M

61 F

Major-depressive disorder

(MDD) (44 M, 39 F)

Healthy subjects (24 M, 22 F)

MDD slightly overweight

Basal conditions Overnight fast =TG in MDD

Positive correlation between

ghrelin and eating behavior

scales TFEQ

(Continued)
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Table 2 | Continued

Type of

study

Reference Sex Subjects and health status Experimental conditions/

stimulus

Nutritional status/time

of sampling

Ghrelin/obestatin secretion

S
tr

es
s/

an
xi

et
y/

d
ep

re
ss

io
n

(79) 18 M

22 F

MDD patients (9 M, 11 F)

Healthy subjects (9 M, 11 F)

Normal BMI

Basal conditions Fed

Overnight sampling

=TG in MDD

(80) M+F MDD patients (9 M, 6 F)

Healthy subjects (16)

Basal conditions = AG or TG in MDD

(81) 48 M+F MDD patients (24)

Healthy subjects (24)

Basal conditions Overnight fasting = AG in MDD

Positive correlation between

AG and the severity of

reduced appetite in MMD

(82) 64 F Anorexic patients (15)

Normal weight (32)

Overweight (17)

Basal conditions Overnight fasting No relationship between TG

and symptoms of depression

or anxiety

(83) 245

M+F

MDD or panic disorders

Treatment responders (89)

Treatment non-responders

(59)

Healthy subjects (97)

Basal conditions Early afternoon

No eating 60 min before

↗ AG in treatment-resistant

patients

(84) 12 M

12 F

MDD patients (24)

Healthy subjects (22)

Basal conditions

citalopram treatment

(3 months)

Overnight fasting ↘ AG and TG in MDD

↘ AG and TG after treatment

(85) 40 M MDD lean patients (40 M) Basal conditions

maprotiline treatment

(30 days)

Overnight fasting ↗TG and weight gain after

treatment

(86) M+F Major-depressive episode

(MDE, 16)

Bipolar disorder manic

episode (BD-me, 12)

Healthy subjects (25)

Electroconvulsive therapy

(ECT)

Overnight fasting ↘ AG after treatment in all

subgroups but BMI

unchanged

M, male; F, female; BMI, body mass index; OB, obese; AN-R, anorexia nervosa restrictive-type; AN-BN, anorexia nervosa with episodes of bulimia; AN-BP, anorexia

nervosa with episodes of binge-purging; HC, healthy control; CT, constitutional thinness; MDD, major-depressive disorder; NA, not available; AG, acyl ghrelin; DAG,

desacyl ghrelin; TG, total ghrelin; Ghrelin, either TG or AG (?).

the degree of hunger in this pathology. Other factors that may
counterbalance hyperghrelinemia should be taken into account.
Interestingly, it has been hypothesized that higher obestatin lev-
els in the restrictive type may also contribute to the reduced
hunger and/or reduced motivation to eat in this pathology (53,
54) (Figure 2).

Alterations in the serotonergic/dopaminergic signaling are
described in AN patients (88, 89) and avoidance for food is
positively correlated with the increased striatal D2/D3 receptor
binding. The altered impact of ghrelin on the reward system
could modify the integration of information related to emotional
processes, as suggested by connections between the prefrontal cor-
tex and the NAcc. Interestingly, it has been demonstrated that the
heterodimeric formation of ghrelin receptor and dopamine D2-
receptor is required for the anorexigenic effects of dopamine in

hypothalamic neurons (90). The co-expression of these receptors
in the mesolimbic dopaminergic system may also be important to
modulate motivation and reward.

PREPROGHRELIN-DERIVED PEPTIDES IN ALCOHOL
ADDICTION
PREPROGHRELIN-DERIVED PEPTIDES AND ALCOHOL CONSUMPTION
Several reviews already focused on the role of the ghrelin/GHS-R
signaling in the rewarding properties of alcohol in animal mod-
els or humans (91, 92). A large number of studies demonstrate
that ghrelin is involved in alcohol intake, showing altered plasma
ghrelin levels in alcoholic patients or high-alcohol consuming rat
strains as well as reduced alcohol intake in animal with disrupted
ghrelin signaling. However, very little pharmacological data exist
so far.
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Labarthe et al. Ghrelin and psychiatric disorders

FIGURE 2 | Plasma levels of preproghrelin-derived peptides in
metabolic and psychiatric disorders. In anorexic patients, total ghrelin,
acyl ghrelin, and obestatin are increased in the restrictive type and reduced
in binge-purging. This may represent different abilities to adapt to starvation.
In obesity syndromes, total ghrelin, acyl ghrelin and obestatin are either
found reduced, unchanged, or increased. Discrepancies may be due to the
variety of obesity syndromes (monogenic obesity, nutritionally induced
obesity, presence of a metabolic syndrome, multifactorial disorders such as
the Prader-Willi syndrome). In alcohol-dependent patients, ghrelin is found

either reduced or increased compared to healthy subjects but there might
be differences in gender, body mass index, nutritional/metabolic status
and/or time after alcohol withdrawal from one study to another that can
explain the contradictory results. In major depressive disorders, the majority
of studies report no differences in plasma total or acyl ghrelin levels
compared with healthy controls. Whether ghrelin can contribute to the
degree of food craving, alcohol craving or depression is not clearly
demonstrated as treatments and metabolic modifications can interfere with
the results.

Pharmacological actions of ghrelin in animals and humans
Ghrelin, delivered either peripherally, centrally or directly in spe-
cific brain nuclei, increases reward-relevant behaviors such as alco-
hol consumption (92) (Figure 1). Central ghrelin administrations,
i.c.v or directly in the VTA or laterodorsal tegmental area (LDTg),
increase alcohol intake in a two-bottle (alcohol/water) free-choice
paradigm where access to alcohol was limited to 90 min/day for
2 weeks in C57BL/6 mice, a strain with high-alcohol preference
(93). Pre-clinical models termed “drinking in the dark” (DID) are
developed to examine binge-like ethanol consumption in rodent
populations (94). In this procedure where animals have a 2 h access
to a 20% ethanol solution during the beginning of the dark period,
neither food deprivation nor i.p administration of ghrelin altered
drinking in C57BL/6J mice (95). In humans, intravenous ghre-
lin administration increases alcohol craving in alcohol-dependent
heavy drinkers (96).

Genetic or pharmacological blockade of the ghrelin/GHS-R pathway
Genetic or pharmacological blockade of the GHS-R1a also reveals
the importance of ghrelin signaling in alcohol-related behav-
iors. Pharmacological blockade with GHS-R1a antagonists reduces

voluntary alcohol consumption and preference and suppresses
reward induced by alcohol in both rats and mice [reviewed in
Ref. (91)]. For example, JMV2959, a selective GHS-R1a antago-
nist, impacts both acute and chronic alcohol consumption. Acute
injections of the antagonist reduce the operant self-administration
of alcohol in rats, decreases high-alcohol consumption in two
strains of alcohol-preferring rats, Long–Evans and alko alcohol
(AA) preferring rats (97) as well as alcohol consumption after
several months of exposure to alcohol (38). Chronic administra-
tions of the antagonist decrease alcohol intake without inducing
tolerance or rebound (38). In mice, in a two-bottle choice par-
adigm, the non-selective antagonist [d-Lys3]-GHRP-6 reduces
preference to alcohol (98). In addition, GHS-R1a blockade with
JMV2959 either peripherally or centrally reduces voluntary alco-
hol consumption and preference, alcohol-induced locomotor
stimulation, accumbal DA release, and conditioned-place pref-
erence (CPP) (93, 99). Similarly, when compared to wild-type
mice, ghrelin−/− mice display lower ethanol-induced CPP and
locomotor stimulation and reduced voluntary alcohol consump-
tion and preference in a two-bottle choice test (99). The abil-
ity of alcohol to increase NAcc dopamine release is absent in
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ghrelin−/− mice (100). The rewarding properties of alcohol are
also reduced in the ghsr−/− mice (93). However, Spiegelmer-
neutralization of circulating ghrelin, thereby preventing its access
to the brain, does not attenuate alcohol-induced locomotor activ-
ity, NAcc DA release, and CPP in mice, neither modifies alco-
hol consumption in a two-bottle free-choice paradigm in rats,
suggesting that central rather than peripheral ghrelin signal-
ing is preferentially involved in alcohol consumption (101). In
contrast, Roux-en-Y gastric bypass (RYGB), which reduces cir-
culating ghrelin levels, decreases ethanol intake and the rein-
forcing properties of ethanol in ethanol-preferring rats. In this
model, pharmacological replacement of ghrelin restores drink-
ing behavior (31), suggesting that endogenous circulating ghrelin
is important in alcohol preference. It should also be noted that,
in RYGB rats, a GHS-R1a antagonist, [d-Lys3]-GHRP-6, reduces
operant performance to earn alcohol reward and alcohol con-
sumption, suggesting that increased ghrelin might contribute
to increased alcohol reward in such animals (102). Altogether,
these data suggest that selective blockade of the ghrelin/GHS-R
pathway could be a potential treatment for pathological alcohol
consumption.

REGULATION OF PREPROGHRELIN-DERIVED PEPTIDES IN ANIMAL AND
HUMAN PATHOPHYSIOLOGY
Although ghrelin induces addictive behaviors, including alcohol
consumption in both rodents and humans, an important ques-
tion is whether hyperghrelinemia is associated with addictive
behaviors, such as alcohol drinking. Conflicting data concern-
ing the involvement of ghrelin in the physiopathology of alcohol
dependence have been reported (103, 104).

Animal pathophysiology
In rodents, chronic alcohol consumption leads to reduced total
and acylated ghrelin levels in rats of different strains (PR: Wistar
alcohol preferring, NP: Wistar non-preferring, and WHP: Wis-
tar high preferring) but the lowest ghrelin levels are observed
in PR and WHP strains (Table 1). Furthermore, there is an
inverse relationship between ghrelin levels and alcohol intake
(36). In high-alcohol (AA) consuming rats, reduction in plasma
total ghrelin levels after alcohol exposure during several weeks
is of lower amplitude as compared to low-alcohol (ANA) con-
suming rats (37). Interestingly, GHS-R1a expression in NAcc,
VTA, amygdala, prefrontal cortex, and hippocampus is higher
in AA rats, suggesting that the ghrelin pathway may be involved
in alcohol susceptibility. But, after 10 months of voluntary alco-
hol consumption induced by intermittent access to alcohol in
a two-bottle choice drinking paradigm, GHS-R expression in
the VTA is significantly down-regulated in high- compared to
low-alcohol consuming Wistar rats and a negative correlation
is observed between GHS-R expression in the VTA and alcohol
intake (38).

Human pathophysiology
In healthy humans, acute alcohol consumption induces signifi-
cant declines in total and acylated ghrelin concentrations as early
as 15 min following alcohol ingestion (58–61), whereas obestatin

levels are unchanged (61). Interestingly, fasting-induced increase
in ghrelin levels is also reduced after intravenous alcohol admin-
istration in both males and females (62). In contrast, after moder-
ate alcohol consumption during 3 weeks in healthy men, ghrelin
concentrations are increased but both lean and overweight sub-
jects were included in the analyses and plasma ghrelin levels tended
to be lower in overweight associated with reduced insulin sensi-
tivity (63). Data concerning the effect of chronic alcohol intake
in alcohol-dependent subjects are conflicting. Indeed, alcohol
dependence is associated with either increases or decreases in
plasma ghrelin levels compared to healthy control subjects (65–67)
(Figure 2) but higher ghrelin levels correlate with higher measure-
ments of alcohol craving using the obsessive compulsive drinking
scale (OCDS) (67, 105, 106) (Figure 3). Some difficulties in com-
paring data from the literature are that explorations are sometimes
performed in different genders, various BMI, early abstainers ver-
sus active drinkers and at different times after alcohol withdrawal.
The small number of subjects in some studies is also a factor to
take into account (Table 2). Interestingly, a study comparing both
genders found that ghrelin levels are higher in female alcohol-
dependent patients only when compared to appropriate gender
controls while no differences are found in males (68), suggest-
ing that ghrelin response may be gender dependent. In addition,
among alcohol-dependent subjects, ghrelin levels are higher in
early abstainers compared to active drinkers (65). Although most
hormonal explorations are performed after an overnight fast,
nutritional status at the time of sampling may also contribute
to differences observed. Finally, differences in ghrelin secretion
observed in alcohol-dependent patients from one study to another
may also be a consequence of the loss of metabolic control as alco-
hol intake is compensated by a decrease in non-alcoholic nutrient
intake (66). Consumption of other substances of abuse can also
interfere with plasma ghrelin levels and although smoking is an
exclusion factor in some studies (62), others have to take into
account the smoking status of the participants (70).

Whereas alcohol intake seems to reduce plasma ghrelin lev-
els, alcohol withdrawal induces elevation in plasma concentra-
tions of the hormone. Indeed, fasting plasma ghrelin levels are
higher in alcohol abstainers than in controls and ghrelin lev-
els are positively correlated to the duration of abstinence (64,
69–71). Ghrelin elevation, however, is greater in subjects with pre-
diabetes and diabetes mellitus than in normoglucose-tolerant sub-
jects (71), suggesting that metabolic factors impact the hormone
levels.

Finally, only one study to date reported that a GHSR gene
polymorphism was more frequent in heavy drinkers than in mod-
erate drinkers and abstinents (107), suggesting genetic association
between ghrelin and heavy alcohol consumption.

In conclusion, reduced plasma ghrelin levels with alcohol con-
sumption and elevated levels with abstinence, as well as correlation
between ghrelin and alcohol craving suggest that elevated ghre-
lin might contribute to cravings for alcohol (Figures 2 and 3).
However, plasma concentrations of DAG and obestatin, regarding
alcohol status, are unknown and the contribution of these other
ghrelin-derived peptides in alcohol addiction would need to be
explored as well (Figure 2).
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FIGURE 3 | Proposed model of hedonic/reward response to ghrelin
after chronic stress in relation with anxio-depressive symptoms. During
chronic stress, increased ghrelin secretion has been shown to induce
emotional eating by acting at the level of the hedonic/reward system. As
ghrelin has been shown to have anxiolytic actions in response to stress, this
adaptative response may contribute to control excessive anxiety and
prevent depression. In obesity, lower ability to mobilize ghrelin in response

to stress or central ghrelin resistance at the level of the hedonic/reward
system may explain the inability to cope with anxiety and increased
susceptibility to depression. Reciprocally, depressed subjects have
increased susceptibility to obesity or eating disorders (due to altered
hedonic/reward response). Elevated ghrelin may also contribute to
alcohol/drug craving: higher ghrelin levels correlate with higher
measurements of alcohol craving.

PREPROGHRELIN-DERIVED PEPTIDES IN ADDICTION TO
DRUGS OF ABUSE
PREPROGHRELIN-DERIVED PEPTIDES AND CONSUMPTION OF DRUGS
OF ABUSE
Pharmacological actions of ghrelin in animals and humans
An emerging literature demonstrates that ghrelin modulates
the action of psychostimulants such as nicotine, amphetamine,
cocaine, and heroin but no data is available on the effects of the
other ghrelin-derived peptides (Figure 1). In animal models, these
rewarding properties of drugs of abuse are often measured by loco-
motor stimulation, NAcc dopamine release and/or CPP. Indeed,
systemic ghrelin infusion increases cocaine-induced hyperloco-
motion as well as CPP in rats [reviewed in Ref. (108)]. In addition,
i.c.v infusion of ghrelin induces an increase in heroin reinforce-
ment breakpoint on a progressive ratio schedule when animals
have to work to obtain a reward (109). Bilateral micro-injection
of ghrelin into the NAcc, where cocaine induces locomotor activa-
tion, increases cocaine-induced hyperactivity and these effects are
blocked by a GHS-1a antagonist, [d-Lys3]-GHRP-6, in rats (110).
Finally, ghrelin also amplifies nicotine-induced striatal dopamine
release in this species (111).

In healthy non-smokers, after a caloric load of glucose, nicotine
increases the modulatory effect of ghrelin on food-cue reactiv-
ity, measured by magnetic resonance imaging, in the ventrome-
dial prefrontal cortex (112). No other clinical data are currently

available and observations in rodents will need to be confirmed in
humans.

Genetic or pharmacological blockade of the ghrelin/GHS-R pathway
As for alcohol consumption, GHS-R1a antagonists have been
shown to suppress reward induced by cocaine and amphetamine.
This was partly reviewed previously [reviewed in Ref. (91)] and
recent data corroborate these findings. In rats, inactivation of ghre-
lin signaling by JMV2959 reduces nicotine-induced locomotor
sensitization (108). In mice, the ability of nicotine, amphetamine,
and cocaine to induce hyperlocomotion, to stimulate NAcc DA
release and to condition a place preference is reduced after treat-
ment with the same GHS-R1a antagonist (100, 113). In addition,
in rats, the ability of morphine to induce behavioral stimula-
tion, including stereotyped behavior and DA release in the NAcc
is reduced by JMV2959 injections (114). Genetic ablation of
GHS-R in mice similarly attenuates hyperlocomotion and CPP
induced by nicotine, cocaine, and amphetamine (108). However,
although exogenous ghrelin administration increases heroin self-
reinforcement as described above, central administration of the
GHS-R1a antagonist [d-Lys3]-GHRP-6, has no effect on heroin
self-administration or food-deprivation induced reinstatement
of heroin seeking behavior (109). Whether this lack of effect
is due to the specificity of the antagonist or the nature of the
psychostimulant (i.e., heroin or other) is unknown.
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REGULATION OF PREPROGHRELIN-DERIVED PEPTIDES IN ANIMAL AND
HUMAN PATHOPHYSIOLOGY
A positive correlation between plasma ghrelin levels and cocaine-
seeking behavior is observed in rats trained to self-administer
cocaine i.v (39).

Very little pre-clinical and clinical data are available con-
cerning substance of abuse and ghrelin levels (Table 2). In
humans, circulating total ghrelin levels are not associated with
craving and withdrawal symptoms in heavy smokers suffer-
ing from acute 24 h nicotine withdrawal (72). Young adults
exposed to prenatal smoke have higher plasma total ghrelin
levels (73). No differences in total ghrelin levels are found
between smokers and non-smokers and smoking two ciga-
rettes acutely does not provoke any short-term changes in
total ghrelin levels in smokers but induces a decline in non-
smokers (74). However, nicotine administration in healthy non-
smokers does not alter plasma non-acylated ghrelin levels (75).
Genetic association studies only report variation of the ghre-
lin signaling system in individuals with amphetamine depen-
dence (38).

CENTRAL MECHANISM OF ACTION MEDIATING
REWARD-RELEVANT BEHAVIORS
MESOLIMBIC CHOLINERGIC-DA SYSTEM
All major drugs of abuse acutely activate the mesolimbic dopamine
system. Several lines of evidence converge to show that ghre-
lin activates the cholinergic –dopaminergic reward link, includ-
ing a dopaminergic projection from the VTA to the NAcc to
increase the consumption of rewarding foods and alcohol after
i.v and i.c.v administrations in rodents (91). Ghrelin admin-
istration peripherally or locally into the LDTg concomitantly
increases VTA acetylcholine as well as DA release in rats. In
contrast, a GHS-R1a antagonist blocks this synchronous neuro-
transmitter release induced by peripheral ghrelin. In addition,
local perfusion of a non-selective nicotinic antagonist mecamy-
lamine into the VTA blocks the ability of ghrelin to increase NAcc
dopamine but not VTA acetylcholine (115). The ability of alco-
hol to increase accumbal DA release in wild-type mice is not
observed in ghr−/− mice, suggesting that endogenous ghrelin may
be required for the ability of alcohol to activate the mesolimbic
DA system (116).

The mesolimbic GHS-R also plays an important role in the
response to drugs of abuse. Indeed, JMV2959, a GHS-R1a antag-
onist, reduces morphine-induced DA release in the NAcc and
behavioral stimulation, including stereotyped behavior (114).
Amphetamine- and cocaine-induced locomotor stimulation and
NAcc DA release, as well as the ability of these drugs to condition
a place preference, are reduced in mice treated with JMV2959 in
the mouse (113).

Central pathways involved in increased alcohol or other
drugs consumption potentially involve several other struc-
tures and neurotransmitters, beside dopamine release in the
NAcc. For example, ghrelin-induced locomotor stimulation
is attenuated by VTA administration of AP5, a selective
NMDA receptor antagonist, but not orexin-A antagonist or
peripheral opioid receptor antagonist (naltrexone) in mice
(117).

GLUTAMATERGIC/GABAergic SYSTEM
In central amygdala (CeA) GABAergic neurons, critical in regulat-
ing ethanol consumption and the response to ethanol withdrawal,
ghrelin attenuates ethanol-increased IPSP amplitude and super-
fusion of GHS-R1a antagonists decreases IPSC and mIPSC
frequency and block ghrelin-induced increases in GABAergic
responses (118). Ghrelin regulation of alcohol consumption may
also involve the perioculomotor urocortin neurons (pIIIu) as [d-
Lys3]-GHRP-6 reduces the induction of cFos by i.p ethanol in this
population of neurons but not in the VTA or arcuate nucleus of
the hypothalamus (98).

SEROTONIN SYSTEM
The serotonin (5-HT) system is also involved in the response to
ghrelin. Indeed, acute central ghrelin injections in mice increase
5-HT turnover in the amygdala and 5-HT-R mRNA in the amyg-
dala and dorsal raphe (119). The serotonin system is also regulated
by endogenous ghrelin/GHS-R signaling. Indeed in ghsr−/− mice,
decreased expression of 5-HT-R is observed in the amygdala and
dorsal raphe (119).

PREPROGHRELIN-DERIVED PEPTIDES IN STRESS/ANXIETY/
DEPRESSION
PREPROGHRELIN-DERIVED PEPTIDES AND STRESS-RESPONSE/
ANXIETY/DEPRESSION
Pharmacological actions of ghrelin in animals and humans
Ghrelin is involved in neuroendocrine and behavioral responses
to stress through activation of the HPA axis: peripheral ghrelin
indeed increases hypothalamic CRH mRNA and serum corticos-
terone. In addition, ghrelin-induced anxiogenic effects are inhib-
ited by a CRH receptor antagonist (120). Behavioral responses
include anxiety-like behaviors like exploration in the open field,
elevated plus maze (EPM), light/dark box, and social interactions.

In the mouse,both i.c.v and i.p administration of ghrelin induce
anxiogenic behavior in the EPM test (120). Intracerebroventric-
ular injections or direct injections in specific nuclei, including
the hippocampus, amygdala, dorsal raphe nucleus or in several
hypothalamic nuclei (Arc, PVN, VMH, PFH) induce anxiogenic
responses in the open-field or EPM in both male and ovariec-
tomized female rats (121–125), whereas i.c.v injection of obestatin
elicits an anxiolytic effect in the EPM test (Figure 1) (126).

In rats, chronic i.c.v treatment with ghrelin also reveals an
increase in anxiety- and depression-like behaviors that are associ-
ated with modifications in the expression of key markers involved
in these behavioral changes in the amygdala (127). Interest-
ingly, the anxiogenic actions of ghrelin are inhibited by a CRH
antagonist, suggesting that anxiety response may be relayed by
hyperactivity of the HPA stress axis (120). Electrophysiological
responses to ghrelin challenges in the dorsal raphe, the main region
expressing serotonergic neurons, which are key mediators of emo-
tional reactivity further support a key role of ghrelin in emotional
responses (127).

Despite a large literature supporting a pro-anxiety action
of ghrelin in rodents, contradictory data arise from the effects
of ghrelin on anxiety response (Figure 1): one study demon-
strates that a subcutaneous injection of the 28-AA peptide pro-
duces anxiolytic- and antidepressant-like responses in the EPM
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and forced-swim test in mice (40) while in another study in
food-deprived rats during 1 h between ghrelin injection and test-
ing, a decrease in anxiety-like behavior was observed after intra-
amygdala injections (122). This discrepancy needs to be clarified
and may reflect differences in contextual environment during
the testing period (i.e., situation where stress in present or not,
see below in the next paragraph differential response in basal
conditions or in response to stress).

So far, human data on the effects of ghrelin are missing and
do not corroborate observations in rodents. One study demon-
strates that, in male and female patients with mood depressive
disorders (MDD), ghrelin administration (50 µg between 11 p.m.
and 1 a.m.) induces transient GH and cortisol secretion, increases
the time of sleeping in males only but has no significant effect
on depressive symptoms (128). Ghrelin affects the sleep/wake pat-
tern in healthy subjects and may have also the same effect on MDD
patients but it seems independent of the etiology of the depression.

Genetic or pharmacological blockade of the ghrelin/GHS-R pathway
Data are currently missing concerning the effects of GHS-R1a
pharmacological blockade on anxiety- and depression-like behav-
iors but exploration of knock-out models give some insights about
endogenous ghrelin function. ghsr−/− mice have reduced latency
to leave center in the open-field test, suggesting increased anxiety
in this model (129). Interestingly, a decreased expression of sero-
tonin receptors (5 HT-R) is observed in the amygdala and dorsal
raphe of ghsr−/−mice (119). Although ghrelin−/−mice have lower
anxiety in basal unstressed conditions in three different behavioral
tests (open field, EPM, light/dark box), they are also more anxious
in response to acute restraint stress and show exacerbated central
responses to stress as well (130). This stress response involves, not
only the hypothalamus and amygdala, but also urocortin 1 neu-
rons in the Edinger-Westphal nucleus. Interestingly, exogenous
ghrelin reverses the exacerbated neuronal activation in the hypo-
thalamic PVN and medial nucleus of the amygdala in ghrelin−/−

mice after acute restraint stress, supporting an anxiolytic action of
ghrelin (130). The differential response in basal and in stress con-
ditions suggests that the role of the ghrelin system may be different
depending on the context. Ghrelin may also prevent excessive anx-
iety under conditions of chronic stress (see next paragraph for
animal models of chronic social defeat stress). Indeed, ghsr−/−

mice display enhanced deleterious effects of chronic exposure to
stress. Interestingly, increased plasma ghrelin levels induced by
caloric restriction also produces anxiolytic and anti-depressant-
like effects (40). Thus, stress-induced elevated ghrelin may help to
control excessive anxiety and prevent depression in conditions of
chronic stress exposure (Figure 3).

Finally, administration of antisense DNA for ghrelin into the
lateral ventricle induces anxiolytic and antidepressant responses
in the forced-swim test, EPM as well as in the black and white
test and conditioned fear test in rats (131), which is in favor of an
anxiogenic role of endogenous ghrelin.

REGULATION OF PREPROGHRELIN-DERIVED PEPTIDES IN ANIMAL AND
HUMAN PATHOPHYSIOLOGY
Animal pathophysiology
Several studies suggest that ghrelin plays an important role in
metabolic adaptations following chronic stress, which function

would be to defend against depressive-like symptoms of chronic
stress but which can also lead to metabolic dysfunctions in the
long-term.

Animal models of anxiety/depression can be induced by
chronic exposure to social stress (CSDS), a model of prolonged
psychosocial stress in humans. CSDS is based on a resident
intruder paradigm in which a test mouse is introduced into the
cage of an aggressive CD1 mouse for a few minutes each day dur-
ing several days and is a model of prolonged social defeat stress in
rodents. Acylated ghrelin levels are increased in CSDS mice (40)
(Table 1). Elevated ghrelin levels induced by chronic exposure
to social stress are associated with increased caloric intake and
body weight gain in male C57BL/6 mice and minimizes CSDS-
associated depression-like behavior whereas stressed mice lacking
ghrelin receptors (ghsr−/−mice) or treated i.c.v with ghrelin recep-
tor antagonist [d-Lys3]-GHRP-6 show attenuated weight gain and
feeding responses under the same social stress paradigm (41, 132).
In high-anxiety Wistar Kyoto rats, lower total ghrelin levels com-
pared to SD low-anxiety rats in both fasted and fed states were
reported (42). In rats, exposure to water avoidance stress, an acute
psychological stress, mobilizes total ghrelin. Interestingly, higher
plasma ghrelin levels are induced after stress in low-anxiety SD
rats than in high-anxiety Wistar Kyoto rats (133), suggesting that
animals with low anxiety have a greater ability to mobilize ghrelin
in response to stress.

Human pathophysiology
Anxiety/stress. Although stress elevates plasma ghrelin levels in
animal models, which was proposed by some studies to increase
emotional eating and help defend against some depressive symp-
toms induced by stress, there are farther less evidence in human
pathophysiology that ghrelin is involved in the eating/metabolic
response to stress (Figure 2).

Psychological stress, induced by public speaking over 2 days,
does not modify plasma total ghrelin levels (60). In another
study performed in normal weight, obese patients and sub-
jects with binge-eating, social stress test does not modify ghrelin
levels. However, when subjects are analyzed according to their
cortisol response, ghrelin levels are found increased in corti-
sol responders subjects following the stress whereas no change
occurred in cortisol non-responders and positive correlations
are found between ghrelin and cortisol change (76). In emo-
tional eaters, evaluated by the “emotional eating subscale of the
Dutch eating behaviors questionnaire,” anticipation of a psy-
chological stressor (public speaking) leads to a greater food
consumption than in-non-emotional eaters and ghrelin levels
are more elevated in women anticipating the stressor com-
pared to those not subjected to the stressor. Interestingly, the
normal decline in ghrelin concentrations following food con-
sumption is lower in non-emotional eaters (77), suggesting that
ghrelin may contribute to emotional eating following a stressor
(Figure 3).

Depression. In the majority of studies, no difference in plasma
total or acylated ghrelin levels were reported between patients with
major-depressive disorder (MDD) and healthy subjects (Figure 2;
Table 2) (78–81). However, in MMD patients, ghrelin levels
correlate positively with the severity of reduced appetite and
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negatively with gray matter volume of the VTA (81), and correlate
with eating behavior scales like the three-factor eating question-
naire (TFEQ), suggesting that ghrelin may be associated with
increased susceptibility to eating disorders observed in psychiatric
patients (78).

Whether ghrelin can contribute to the degree of depression
is not clearly demonstrated. In women across the weight spec-
trum, there was no relationship between ghrelin and symptoms
of depression or anxiety (82). Interestingly, however, plasma acyl
ghrelin levels were higher in treatment-resistant patients than
responsive patients or in controls (83). One bias of these studies is
that some of them do not discriminate ghrelin levels according to
patients with or without medication (either neuroleptics, anti-
depressant, antipsychotics or hypnotics). However, treatments
impact plasma ghrelin levels and metabolic modifications may
be secondary to the treatment. For example, in one study with
MDD patients, treatment reduced plasma levels of acyl and desacyl
ghrelin, as well as BMI, and ghrelin levels were lower than in con-
trols (84). In contrast, treatment of lean patients with MDD with
maprotiline, an anti-depressant, resulted in a minor increase in
total ghrelin levels and WG (85). In both major-depressive episode
(MDE) and bipolar disorder manic episode (BD-me), acylated
ghrelin levels are decreased by electroconvulsive therapy (ECT),
although BMI is unchanged (86), but remains higher than in
controls.

Schizophrenia. Weight gain is a common side effect of the
atypical antipsychotics (AAPs) used to treat schizophrenia and
it has been related with the orexigenic effect of elevated serum
ghrelin rather than leptin deficit (134). Among five widely used
AAPs (clozapine, olanzapine, risperidone, amisulpride, or queti-
apine), only the later did not elevate the ghrelin level. Ghrelin
gene polymorphisms have been associated with pathogenic vari-
ations in plasma lipid concentrations, blood pressure, plasma
glucose, and BMI. Four SNPs (Leu72Met, −501A/C, −604 G/A,
and −1062 G > C) were genotyped in 634 schizophrenia patients
and 606 control Chinese Han subjects (135). These four GHRL
gene SNPs were not associated with SZ in this Chinese Han
population. However, the −604 G/A polymorphism was asso-
ciated with significant BW and BMI increases during AAP
treatment.

The effect of a 16 week-treatment with olanzapine was studied
by functional magnetic resonance imaging in conjunction with
a task requiring visual processing of appetitive stimuli in schiz-
ophrenic patients and healthy controls (136). Neuronal activity
in the fusiform gyrus was brought back to “normal” after olan-
zapine treatment and this change was positively correlated with
the restoration in ghrelin and leptin levels, following the treat-
ment. However, others have reported that serum leptin levels
might be a more sensitive biomarker than ghrelin or adiponectin
levels to differentiate schizophrenic patients and healthy controls
(137).

In some of the cited disorders, we need to be precautious with
the interpretation because they concern small groups of subjects
and inter-individual variability in the ghrelin pattern has to be
considered (Table 2).

GHRELIN-GH AXIS AND PSYCHIATRIC DISORDERS
As ghrelin has initially been described as a powerful GH secre-
tagogue and a number of studies have focused on its role as a
regulator of the GH/IGF-1 axis (1, 13, 138), the link between ghre-
lin, GH axis, and psychiatric disorders needs to be questioned.
The GH/IGF-1 axis is deregulated in anorexia nervosa and the
evolution of GH levels during renutrition is predictive of short-
term outcome in AN-R patients (139, 140). More specifically, low
GH levels at admission and absence of GH reduction after weight
recovery could be predictive of short-term relapse. In patients with
depression or post-traumatic stress disorder (PTSD), sleep-related
GH secretion is lower compared to healthy controls (141). Abnor-
mal IGF-1 levels have also been reported in several psychiatric
disorders like schizophrenia and major depression (142). Inter-
estingly, in GH-deficient patients symptoms of depression and
cognitive impairments are improved after GH therapy (143).

Several components of the GH/IGF-1 axis also modulate
anxiety and depression. At the hypothalamic level, GH secre-
tion is directly regulated by two antagonistic neurohormones:
GHRH stimulates whereas somatostatin inhibits GH secretion.
Intracerebroventricular and intra-amygdala administrations of
somatostatin induces anxiolytic and anti-depressant effects in
rats (144, 145) while somatostatin KO mice show hyperactivity
and anxiety-like behavior (146). GHRH KO mice display anxiety
and depression-related behaviors (147). In addition, the GHRH
agonist, JI-34, induces anxiety and depression (148) whereas the
GHRH antagonist, MZ-4-71, elicits anxiolytic and anti-depressant
effects (149).

Interestingly, deficiency in circulating and hippocampal IGF-1
induced by virus-mediated IGF-1 KO is associated with depres-
sive symptoms measured in the forced-swim test in mice (150).
A recent study brings an interesting point of view on the link
between ghrelin–GH axis and stress-associated mental diseases. In
a rodent model of PTSD, in which rats are repeatedly exposed to a
stressor and display enhanced fear, stress-related increases in cir-
culating ghrelin are necessary and sufficient for stress-associated
vulnerability to exacerbated fear learning. These actions of ghre-
lin require GH in the amygdala to exert fear-enhancing effects,
suggesting that ghrelin–GH axis can mediate maladaptive changes
following prolonged stress (151).

CONCLUSION
Ghrelin interacts with the GHS-R to modulate GH secretion, nat-
ural and artificial reward as well as stress and anxiety. Anhedonic
symptoms, which include loss of pleasure, appetite, and moti-
vation, are often observed in these disorders in association with
altered ghrelin secretion and/or signaling. Whether dysfunction of
the ghrelin/GHS-R signal contributes to the mechanism respon-
sible for the development of the disease or can help to minimize
some symptoms associated with these psychiatric disorders is still
debated.

The recent demonstration of the heterodimerization of the
GHS-R and the dopamine D2-receptor requested for appetite
regulation in animal is a novel avenue for future studies deci-
phering the role of ghrelin in reward and addictions that are both
impaired in psychiatric disorders. The multiple links between the
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ghrelin/GHS-R system and other biological pathways, via the func-
tional heterodimerization with other receptors that could play a
role in psychiatric disorders, would be interesting to explore.

Finally, although ghrelin has been proposed to be a pharma-
cological target for treatment of psychiatric disorders, only a few
data on the involvement of the other ghrelin-derived peptides,
DAG, and obestatin, in psychiatric disorders are available. This
would require further investigations.
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The orexigenic peptide hormone ghrelin is synthesized in the stomach and its receptor
growth hormone secretagogue receptor (GHSR1a) is expressed mainly in the central ner-
vous system (CNS). In this review, we confine our discussion to the physiological role of
GHSR1a in the brain. Paradoxically, despite broad expression of GHSR1a in the CNS, other
than trace amounts in the hypothalamus, ghrelin is undetectable in the brain. In our efforts
to elucidate the function of the ligand-free ghrelin receptor (apo-GHSR1a), we identified
subsets of neurons that co-express GHSR1a and dopamine receptors. In this review, we
focus on interactions between apo-GHSR1a and dopamine-2 receptor (DRD2) and forma-
tion of GHSR1a:DRD2 heteromers in hypothalamic neurons that regulate appetite, and
discuss implications for the treatment of Prader–Willi syndrome (PWS). GHSR1a antago-
nists of distinct chemical structures, a quinazolinone and a triazole, respectively, enhance
and inhibit dopamine signaling through GHSR1a:DRD2 heteromers by an allosteric mecha-
nism.This finding illustrates a potential strategy for designing the next generation of drugs
for treating eating disorders as well as psychiatric disorders caused by abnormal dopamine
signaling. Treatment with a GHSR1a antagonist that enhances dopamine/DRD2 activity in
GHSR1a:DRD2 expressing hypothalamic neurons has the potential to inhibit the uncon-
trollable hyperphagia associated with PWS. DRD2 antagonists are prescribed for treating
schizophrenia, but these block dopamine signaling in all DRD2 expressing neurons and are
associated with adverse side effects, including enhanced appetite and excessive weight
gain. A GHSR1a antagonist of structural class that allosterically blocks dopamine/DRD2
action in GHSR1a:DRD2 expressing neurons would have no effect on neurons expressing
DRD2 alone; therefore, the side effects of DRD2 antagonists would potentially be reduced
thereby enhancing patient compliance.

Keywords: ghrelin, growth hormone secretagogue receptor, dopamine, heterodimers, hypothalamus

INTRODUCTION
The orexigenic hormone ghrelin is produced in stomach and
influences feeding behavior, metabolism, pulsatile growth hor-
mone (GH) release, and immune function (1–4). Ghrelin’s action
is regulated by the GH secretagogue receptor (GHSR1a, aka
the ghrelin receptor) that was originally identified by reverse
pharmacology using a small molecule, MK-0677, developed to
rejuvenate the GH/insulin-like growth factor axis in elderly sub-
jects (5, 6). GHSR1a belongs to the Class A G-protein coupled
receptor (GPCR) family. In isolation, under defined conditions,
GHSR1a couples to Gαq resulting in activation of phospho-
lipase C (PLC), inositol trisphosphate (IP3), and mobilization
of [Ca2+]i (7).

The precise physiological function of ghrelin remains to be
defined. Traditionally ghrelin was believed to control appetite and
facilitate excessive weight gain in response to a high-fat diet, but
recent findings question these conclusions. Studies in congenic
C57BL/6J ghrelin knockout (KO) and ghsr KO mice showed food
intake is independent of ghrelin signaling, and that the absence
of ghrelin fails to protect mice from diet-induced obesity (8–10).
Indeed, recent results in transgenic mice where ghrelin producing

cells were selectively ablated confirm these findings (11). Acute
stimulation of food intake in ghrelin-cell ablated mice requires
doses of exogenous ghrelin that produce plasma ghrelin concen-
trations many-fold higher than the endogenous concentrations
found in wildtype mice, suggesting endogenous ghrelin is not a
critical regulator of food intake. With prolonged calorie restric-
tion ghrelin-cell ablated mice exhibit profound hypoglycemia (11).
Similarly, profound hypoglycemia was reported by the same group
in calorie-restricted ghrelin-deficient mice generated by ablat-
ing medium chain fatty acid acyl-transferase that is essential for
converting the inactive 28-aminoacid ghrelin peptide into its bio-
logically active form (12). Injection of ghrelin or GH rescued
the hypoglycemia. Based on the results from these two trans-
genic mouse models, the authors concluded that ghrelin’s major
metabolic role is to regulate blood glucose under conditions of
famine.

GHSR1a is expressed broadly in the brain and localized
mainly in the hippocampal structures, hypothalamus, midbrain,
cortex, and amygdala (13). These findings led us to investi-
gate possible interactions of GHSR1a with dopamine recep-
tors. By employing Ghsr-IRES-tau-GFP mice, we showed that
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subsets of neurons in the midbrain and hippocampus co-
express GHSR1a and dopamine receptor-1 (DRD1) (14), and
in the hypothalamus subsets co-express GHSR1a and dopamine
receptor-2 (DRD2) (15). In vitro studies illustrated the forma-
tion of GHSR1a:DRD1 heteromers, and treatment with ghre-
lin and dopamine in combination augmented cAMP accumu-
lation (14). Again, using Ghsr-IRES-tau-GFP mice, we identi-
fied subsets of hypothalamic neurons that co-express GHSR1a
and dopamine-2 receptor (DRD2) (15). DRD2 signaling influ-
ences feeding frequency and volume, and mutations in DRD2
are associated with human obesity (16–20). In this review, we
describe the co-expression of GHSR1a with dopamine recep-
tors in neurons of the CNS, the dependence on GHSR1a for
dopamine/DRD2 suppression of appetite and implications for
the uncontrollable hyperphagia associated with Prader–Willi
syndrome (PWS).

GHRELIN ACTIVATION OF HYPOTHALAMIC NEURONS
ENHANCES DOPAMINE RELEASE FROM MIDBRAIN
DOPAMINERGIC NEURONS
Pharmacological doses of ghrelin activate extra-hypothalamic
neurons implicating a role for ghrelin in memory, addiction,
depression, and neuroprotection (21–27). Indeed, ghsr−/− mice
exhibit impaired contextual memory (28). In addition, improve-
ments in spatial memory induced by exogenous ghrelin are
inhibited by a dopamine-1 receptor (DRD1) antagonist (29).
Ghrelin also augments cocaine-induced locomotor activity and
the rewarding effects of alcohol, consistent with effects on
dopamine signaling (30, 31). Although ghrelin administration
induces dopamine release (30), there is no evidence that ghre-
lin has direct access to midbrain dopaminergic neurons (32).
Exogenously applied ghrelin activates c-Fos expression in the
arcuate nucleus, paraventricular nucleus (PVN), and lateral hypo-
thalamus (LH), but not in GHSR1a expressing neurons of the
midbrain or hippocampus (33, 34). Tracing studies with inac-
tivated rabies virus show that neurons in the ventral tegmental
area (VTA) and pars compacta of the substantia nigra (SNpc)
receive projections from the PVN and LH (33–35). Furthermore,
infusion of ghrelin into the LH, but not in the VTA, stimu-
lates orexin release, which activates orexin receptors on VTA
neurons causing release of dopamine (36). Neuroanatomy, neu-
ropharmacology, and cell biology studies indicate VTA dopamin-
ergic neurons innervate the hippocampus (37–41). These collec-
tive observations are consistent with exogenous ghrelin induc-
ing hippocampal plasticity indirectly by first activating neurons
in the LH and PVN that in turn enhance dopamine release
from the VTA resulting in activation of hippocampal neurons.
However, these results obtained using pharmacological doses
of ghrelin cannot simply be extrapolated to predict the phys-
iological role of endogenous ghrelin. A recent series of stud-
ies in mice and sheep indicate that other than trace amounts
in the hypothalamus, endogenous ghrelin is not present in the
CNS (42–45). This is remarkable given the broad distribution of
GHSR1a in the brain and underlines a potential role for GHSR1a
independent of ghrelin, which led us to speculate that apo-
GHSR1a regulates neuronal function through protein–protein
interactions.

GHSR1a AND DRD2 ARE CO-EXPRESSED IN HYPOTHALAMIC
NEURONS RESULTING IN MODIFICATION OF CANONICAL
DOPAMINE SIGNALING
Since endogenous ghrelin is undetectable in the brain, we
addressed the question of what biological role un-liganded
GHSR1a (apo-GHSR1a) might play by focusing on the function
of hypothalamic neurons that co-express GHSR1a and DRD2. To
determine the impact of expression of apo-GHSR1a on DRD2
signaling, we initially used HEK293 cells where we could control
the relative expression levels of the two receptors and investigate
signal transduction pathways. Dopamine activation of DRD2 in
HEK293 cells results in canonical DRD2 coupling to Gαi/o and
suppression of intracellular cAMP accumulation without mobi-
lization of intracellular Ca2+ ([Ca2+]i) (46). However, when
GHSR1a is expressed with DRD2, treatment with dopamine, or the
DRD2 agonist quinpirole results in [Ca2+]i mobilization. When
DRD2 is expressed with the motilin receptor, which is closely
related to GHSR1a and is also coupled to Gαq, neither dopamine
nor quinpirole treatment mobilizes [Ca2+]i, illustrating the sig-
nificance of specific interactions between GHSR1a and DRD2.
When GHSR1a is co-expressed with DRD2, dopamine-induced
[Ca2+]i release is blocked by: pertussis toxin, Gβγ antagonists,
PLC inhibitor, thapsigargin, and IP3 receptor blocker. We con-
clude that dopamine activation causes liberation of Gβγ subunits
from Gαi/o, activation of PLC, IP3 mobilization, and release of
[Ca2+]i (Figure 1). Importantly, this mechanism is activated in
the complete absence of ghrelin. A mechanism involving down-
stream cross-talk between GHSR1a and DRD2 caused by GHSR1a
basal activity was ruled out. Blocking GHSR1a basal activity with
Gαq siRNA or GHSR1a point mutants that lack constitutive activ-
ity failed to inhibit dopamine-induced [Ca2+]i release. The lack
of cross-talk between the two receptors supports the hypothesis
that GHSR1a and DRD2 co-expression results in non-canonical
DRD2 signal transduction that is dependent on allosteric interac-
tions between GHSR1a and DRD2 protomers. These results were
recapitulated in DRD2 expressing SH-SY5Y neuroblastoma cells
engineered to stably express GHSR1a, and in primary cultures
of hypothalamic neurons (15), confirming that non-canonical
DRD2 signaling is dependent upon interactions between GHSR1a
and DRD2.

DRD2 AGONIST SUPPRESSION OF FEEDING BEHAVIOR IS
DEPENDENT ON GHSR1a AND FORMATION OF GHSR1a:DRD2
HETEROMERS IN HYPOTHALAMIC NEURONS
The change in canonical to non-canonical DRD2 signal trans-
duction when GHSR1a is co-expressed with DRD2 implicates
allosteric interactions between GHSR1a and DRD2 as a result
of GHSR1a:DRD2 heteromer formation. It is well documented,
based mainly on in vitro experiments, that GPCRs form homo-
mers and heteromers, and that in heteromers one protomer in
the complex allosterically modifies signaling of the other (47,
48). To test if modification of signal transduction is a conse-
quence of a physical interaction between GHSR1a and DRD2,
time resolved fluorescence resonance energy transfer (Tr-FRET)
experiments were conducted in HEK293 cells (49, 50). The high
sensitivity of Tr-FRET where SNAP- or CLIP-tags are introduced
at the N-terminus of GHSR1a and DRD2 allowed monitoring
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of GHSR1a:GHSR1a and GHSR1a:DRD2 heteromer formation at
physiological concentrations on the surface of living cells (15).

When SNAP-GHSR1a is expressed in the presence of untagged
DRD2 at a 1:1 ratio the Tr-FRET signal generated by GHSR1a
homomers was reduced by ~50%, consistent with formation of
GHSR1a:DRD2 heteromers. As further confirmation of direct
interactions and heteromer formation, Tr-FRET assays were per-
formed using SNAP-GHSR1a and CLIP-DRD2 in a receptor titra-
tion assay. High Tr-FRET signals were detected over a wide range

FIGURE 1 | Dopamine-induced [Ca2+]i mobilization via GHSR1a:DRD2
heteromers. Dopamine activation of GHSR1a:DRD2 causes release of Ca2+

from intracellular stores by Gβγ dependent PLC activation and mobilization
of IP3.

of receptor expression, confirming GHSR1a:DRD2 heteromeriza-
tion. To test if formation of heteromers was functionally relevant,
Tr-FRET results were compared to the magnitude of dopamine-
induced [Ca2+]i mobilization at various ratios of GHSR1a to
DRD2. Dopamine-induced [Ca2+]i release correlated with the
concentration of GHSR1a:DRD2 heteromers. Indeed, in sup-
port of an allosteric mechanism, the GHSR1a neutral antago-
nist, JMV2959, inhibited dopamine-induced [Ca2+]i mobilization
without disrupting heteromer formation; similarly, a DRD2 antag-
onist attenuated ghrelin signaling (15). Collectively, these data
show that in cell lines modification of canonical DRD2 signaling
is dependent on formation of GHSR1a:DRD2 heteromers (15).

To test if GHSR1a:DRD2 heteromer formation has physio-
logical relevance, we sought evidence for the presence of the
heteromers in native brain tissue. We applied confocal FRET
microscopy on mouse hypothalamic neurons using a fluorescently
labeled ghrelin analog to visualize GHSR1a, and a fluorescently
tagged DRD2 monoclonal antibody to localize DRD2. In hypo-
thalamic neurons from Ghsr+/+ mice, confocal FRET microscopy
analysis shows GHSR1a and DRD2 in close proximity within
5 nm, consistent with heteromer formation (Figure 2). In striatal
neurons of Ghsr+/+ mice, the confocal FRET signal is very weak
indicating the absence of heteromers in the striatum. In hypo-
thalamic neurons of Ghsr−/− mice, a confocal FRET signal is
not detected confirming the specificity of imaging GHSR1a:DRD2
heteromers in Ghsr ++mice (15).

The physiological importance of GHSR1a:DRD2 interactions
was tested by monitoring food intake of fasted Ghsr+/+ and
Ghsr−/− mice following treatment with the selective DRD2 ago-
nist cabergoline. In Ghsr+/+ mice, food intake was markedly
inhibited by cabergoline compared to vehicle treated animals, but
Ghsr−/− mice were refractory to cabergoline-induced anorexia;
hence, the anorexigenic activity of DRD2 is dependent upon
GHSR1a. To test if endogenous ghrelin played a role, food intake
was compared in Ghrelin+/+ and Ghrelin−/− mice treated with
cabergoline. Cabergoline inhibited food intake in both genotypes,

FIGURE 2 | In hypothalamic neurons GHSR1a and DRD2 form
heteromers. Hypothalamic brain slices from Ghsr+ /+ mice were used to
identify GHSR1a:DRD2 heteromers. Confocal FRET microscopy show that

GHSR1a [identified using red fluorescent ghrelin (Cy5)] and DRD2 [in green,
identified by immunofluorescent DRD2 monoclonal antibody (Cy3)] are in
close proximity at a distance of 5–6 nm and FRET intensity 0.4–0.6 (15).
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FIGURE 3 | Anorexigenic effect of a DRD2 agonist is mediated
by GHSR1a:DRD2 heteromers. Treatment of fasted Ghsr+ /+ mice
with the DRD2 agonist cabergoline inhibits food intake. Ghsr−/−

mice, and Ghsr+ /+ mice treated with the ghrelin receptor neutral

antagonist, JMV2959, are refractory to the anorexigenic effects of
cabergoline; hence, inhibition of food intake by cabergoline is
dependent upon allosteric interactions between GHSR1a and
DRD2.

showing that the anorexigenic activity of the DRD2 agonist is
dependent on GHSR1a but not on ghrelin. Having shown in
cells co-expressing GHSR1a and DRD2 that the GHSR1a neutral
antagonist, JMV2959, inhibits dopamine-induced [Ca2+]i mobi-
lization, mice were pretreated with JMV2959 before cabergoline
injection. JMV2959 inhibited the anorexigenic effect of cabergo-
line in Ghsr+/+mice, but not in Ghsr−/−mice; thus the antagonis-
tic action of JMV2959 on DRD2 activity is dependent on GHSR1a.
These data illustrate that allosteric interactions between GHSR1a
and DRD2 as a consequence of heteromer formation are physio-
logically relevant mediators of feeding behavior (Figure 3) (15).

Our results support the concept that heteromerization of
GPCRs is an important mechanism for regulating GPCR function.
Many GPCRs function as oligomeric complexes, where recep-
tors physically interact to form homo- or heteromers. These
protein–protein interactions stabilize specific conformations of
GPCRs to activate specific down-stream effectors and signal-
ing pathways (51–54). For example, ghrelin inhibition of insulin
release from pancreatic beta-cells is mediated by GHSR1a cou-
pling to Gαi rather than canonical coupling through Gαq (55);
this modification in G-protein coupling is a consequence of for-
mation of heteromers formed between GHSR1a and somato-
statin receptor-5 (56). Heterodimers formed between GHSR1a and
melanocortin-3 receptor has also been reported, and a combina-
tion of in situ hypridization and immunohistochemistry indicated
co-localization of the receptors in hypothalamic neurons (57).

Examples of dimerization of GPCRs in vitro are well docu-
mented, but the physiological relevance is repeatedly questioned
because of the paucity of data illustrating dimerization in native
tissues. However, we show by applying FRET confocal microscopy
the presence of GHSR1a:DRD2 heteromers in native hypothala-
mic neurons and further that inhibition of food intake by a DRD2
agonist is dependent on GHSR1a. Formation of the heteromeric
complex results in non-canonical signaling dependent on Gβγ

activation of PLC and mobilization of [Ca2+]i. This occurs in the

absence of ghrelin, showing apo-GHSR1a is capable of allosteri-
cally modifying DRD2 signaling. The allosteric interaction within
the GHSR1a:DRD2 heteromer is altered by the presence of a neu-
tral GHSR1a antagonist (15); hence, the conformation of one
protomer influences the signaling properties of the other. These
findings demonstrate an important role for apo-GHSR1a in the
brain and resolve the paradox that GHSR1a is expressed in brain
areas not accessible to peripherally produced ghrelin, and where
there is no evidence of ghrelin production.

IMPLICATIONS OF GHSR1:DRD2 HETEROMERS IN OBSESSIVE
EATING ASSOCIATED WITH PRADER–WILLI SYNDROME
Prader–Willi syndrome is a genetic disorder occurring in approx-
imately 1 in 10,000 births and is associated with parent of origin
imprinting. In normal subjects, maternal 15q11.2 is imprinted, but
the paternal chromosome has a working copy of 15q11.2. Patients
with PWS lack a working copy because of paternal deletion (70%
of cases), maternal uniparental disomy (mUPD, 25% of cases),
or imprinting errors in the imprinting center (IC, 5% of cases)
(58). The deletion or lack of expression of 15q11.2 on the paternal
chromosome results in a complex multi-systemic disorder. The
phenotype includes short stature, low muscle tone, uncontrollable
appetite, incomplete sexual development, and impaired cognition.
The behavioral characteristics fall into the spectrum of autism
spectrum disorders. In narrowing down the DNA region respon-
sible for PWS, it was found that individuals with paternal deletion
of the SNORD116 gene cluster had all the major characteristic
features of PWS (59). This locus encompasses a long non-coding
RNA transcript that is processed into multiple small nuclear RNAs,
as well as spliced exons of host gene 116G (60). The expression
of Snord116 in mice becomes progressively more prominent in
the arcuate nucleus, PVN, and ventromedial nucleus of the hypo-
thalamus as the mice mature (61); these particular areas express
GHSR1a and are involved in regulation of appetite mediated by
DRD2.

www.frontiersin.org August 2014 | Volume 5 | Article 129 | 93

http://www.frontiersin.org
http://www.frontiersin.org/Neuroendocrine_Science/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kern et al. Apo-ghrelin receptor regulates dopamine signaling

While GH replacement is frequently used to treat impaired
growth and hypotonia associated with PWS, the most distinguish-
ing feature, for which there is no medical therapy, is the involuntary
and uncontrollable chronic feeling of hunger, combined with a
slow metabolism that leads to excessive eating and life-threatening
obesity (62–64). The major theory proposed for explaining the
insatiable appetite and excessive weight gain associated with PWS
is elevated circulating levels of the orexigenic hormone ghrelin in
the blood (65–67). Despite this, the direct approach of treating
PWS patients with a GHSR1a antagonist, to our knowledge, has
not been tested; this is likely because early clinical studies where
GHSR1a antagonists were tested as antiobesity agents in normal
subjects proved disappointing. The age-dependent (7 months to
5 years) transition to hyperphagia in PWS does not correlate with
a change in ghrelin levels (68). However, as PWS children progress
into adulthood hyperphagia becomes more severe; notably, the
postprandial decrease in ghrelin observed in normal subjects is
absent (69). Indeed, this is a most important distinction between
normal and PWS adults. The postprandial nadir in endogenous
ghrelin observed in normal subjects provides a mechanism for
GHSR1a re-sensitization, and a satiety signal to tell the brain – stop
eating! Indeed, the overall phenotype of PWS can be interpreted as
impaired GHSR1a re-sensitization and as consequence low levels
of active GHSR1a.

Prader–Willi syndrome patients present with high ghrelin and
low GH levels; however, the anterior pituitary gland appears
structurally normal and produces GH, suggesting impaired
hypothalamic-pituitary signaling. Since GHSR1a agonists, includ-
ing ghrelin, stimulate GH release, a possible explanation, other
than GHSR1a desensitization, is that GHSR expression is atten-
uated. Expression of GHSR is positively regulated by thyroid
hormone and estradiol, and negatively by cortisol (70). Indeed,
hypothyroidism, hypogonadism, and elevated cortisol are all
associated with PWS (71). Although not assessed quantitatively,
GHSR1a expression appears normal in brains from deceased PWS
patients (72). Nevertheless, compared to normal subjects, PWS
patients elicit attenuated GH release in response to a GHSR1a ago-
nist (73). High plasma concentrations of ghrelin should result in
hyperglycemia and insulin resistance, but these metabolic changes
are not consistently observed in PWS (73, 74). Lowering ghrelin
levels by administering somatostatin or octreotide had no effect on
appetite, weight gain, or behavior in PWS subjects (75–77). How-
ever, this does not preclude a role for ghrelin, because these com-
pounds also suppress secretion of gastrointestinal anorexigenic
hormones (76).

A recent report on the Snord116±mouse model of PWS showed
that different inhibitors of GHSR1a failed to inhibit food intake
(78) and that the involvement of some new pathway is linked to
changes in feeding and psychiatric behavior (79). The authors con-
cluded that ghrelin signaling is not involved in PWS and perhaps
the elevated plasma ghrelin concentration is playing a compen-
satory role in PWS subjects. These findings support our suggestion
that elevated endogenous ghrelin results in GHSR1a desensiti-
zation and lower levels of active GHSR1a. Low GHSR1a levels
on the plasma membrane of hypothalamic neurons would pre-
dictably cause hyperphagia because as described above the appetite
suppressing effect of DRD2 agonists is dependent on molecular

interactions with apo-GHSR1a and DRD2 (15). Indeed, ghsr−/−

mice are completely resistant to the anorexigenic effect of the
DRD2 agonist cabergoline. Down-stream, cabergoline increases
expression and signaling of brain-derived neurotrophic factor
(BDNF). BDNF is one of the most important suppressors of food
intake, and BDNF is low in PWS (80, 81).

Endogenous dopamine signaling via DRD2 inhibits excessive
food intake and is dependent upon apo-GHSR1a and formation
of GHSR1a:DRD2 heteromers. Formation of heteromers results
in non-canonical DRD2 signal transduction and suppression of
food intake. We suggest that persistently elevated circulating ghre-
lin in PWS reduces accumulation of GHSR1a on the plasma
membrane of hypothalamic neurons. Low concentrations of
GHSR1a contribute to hyperphagia by lowering the concentration
of GHSR1a:DRD2, thereby attenuating satiety signals regulated
by dopamine. The feasibility of targeting heterodimers formed
between GHSR1a and DRD2 to modify non-canonical dopamine
signaling was illustrated by us previously (15). This finding pro-
vides an approach to suppress or augment dopamine signaling
selectively in neurons that express GHSR1a:DRD2 through an
allosteric mechanism. Indeed, we have identified GHSR1a antag-
onists belonging to distinct structural classes, quinazolinones and
triazoles that respectively enhance and inhibit DRD2 signaling
through GHSR1a:DRD2 heteromers. Since these heteromers are
found in a hypothalamic regions involved in development of PWS,
GHSR1a antagonists that enhance DRD2 signaling are poten-
tial candidates for therapeutic intervention to suppress appetite.
Targeting dopamine signaling in GHSR1a:DRD2 expressing neu-
rons with GHSR1a antagonists provides the opportunity to design
drugs that selectively target neurons co-expressing GHSR1a and
DRD2 without affecting neurons expressing DRD2 alone.

SUMMARY
In subsets of hypothalamic neurons that co-express GHSR1a and
DRD2, GHSR1a:DRD2 heteromers are formed. Formation of
these heteromers results in allosteric modification of the confor-
mation of DRD2, thereby causing non-canonical signal transduc-
tion in response to dopamine. In contrast to canonical DRD2 sig-
nal transduction that involves suppression of cAMP accumulation,
the non-canonical pathway results in Gβγγ subunit-dependent
activation of PLC and mobilization of [Ca2+]i. The physiological
relevance of GHSR1a:DRD2 heteromers is illustrated by experi-
ments in Ghsr+/+, Ghsr−/−, and Ghrelin−/−mice. DRD2 agonism
produces anorexia in Ghsr+/+ and Ghrelin−/− mice, but not in
Ghsr−/− mice. Hence, the anorexigenic effects of DRD2 agonists
are dependent on GHSR1a, but not ghrelin. Further, Ghsr+/+mice
treated with a neutral GHSR1a antagonist (the triazole, JMV2959)
are resistant to DRD2 agonist-induced anorexia. Hence, phar-
macological intervention with a GHSR1a antagonist according
to structure, triazole vs. quinazolinone will respectively alloster-
ically block or enhance dopamine signaling in neurons expressing
GHSR1a:DRD2 heteromers without affecting signaling in neu-
rons expressing DRD2 alone. These results show the potential of
developing drugs that selectively act on subsets of neurons that
express GHSR1a:DRD2 heteromers for treating obsessive eating
disorders such as in PWS and for psychiatric disorders associated
with irregularities in dopamine signaling.

Frontiers in Endocrinology | Neuroendocrine Science August 2014 | Volume 5 | Article 129 | 94

http://www.frontiersin.org/Neuroendocrine_Science
http://www.frontiersin.org/Neuroendocrine_Science/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kern et al. Apo-ghrelin receptor regulates dopamine signaling

ACKNOWLEDGMENTS
This work was supported by a grant from the US National Insti-
tutes of Health (R01AG019230 to Roy G. Smith). We gratefully also
thank the Josilyn Faith Levine and Harold Wilkinson IV and Leta
Lindley Prader–Willi Research Fellowship awarded to Dr. Cristina
Grande.

REFERENCES
1. Dixit VD, Yang H, Sun Y, Weeraratna AT, Youm YH, Smith RG, et al. Ghre-

lin promotes thymopoiesis during aging. J Clin Invest (2007) 117:2778–90.
doi:10.1172/JCI30248

2. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin
is a growth-hormone-releasing acylated peptide from stomach. Nature (1999)
402:656–60. doi:10.1038/45230

3. Sun Y, Wang P, Zheng H, Smith RG. Ghrelin stimulation of growth hormone
release and appetite is mediated through the growth hormone secretagogue
receptor. Proc Natl Acad Sci U S A (2004) 101:4679–84. doi:10.1073/pnas.
0305930101

4. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, et al. Ghrelin
enhances appetite and increases food intake in humans. J Clin Endocrinol Metab
(2001) 86:5992. doi:10.1210/jcem.86.12.8111

5. Howard AD, Feighner SD, Cully DF, Arena JP, Liberator PA, Rosenblum CI, et al.
A receptor in pituitary and hypothalamus that functions in growth hormone
release. Science (1996) 273:974–7. doi:10.1126/science.273.5277.974

6. Smith RG. Development of growth hormone secretagogues. Endocr Rev (2005)
26:346–60. doi:10.1210/er.2004-0019

7. Smith RG,Van der Ploeg LH,Howard AD,Feighner SD,Cheng K,Hickey GJ,et al.
Peptidomimetic regulation of growth hormone secretion. Endocr Rev (1997)
18:621–45. doi:10.1210/edrv.18.5.0316

8. Sun Y, Ahmed S, Smith RG. Deletion of ghrelin impairs neither growth nor
appetite. Mol Cell Biol (2003) 23:7973–81. doi:10.1128/MCB.23.22.7973-7981.
2003

9. Sun Y, Asnicar M, Saha PK, Chan L, Smith RG. Ablation of ghrelin improves the
diabetic but not obese phenotype of ob/ob mice. Cell Metab (2006) 3:379–86.
doi:10.1016/j.cmet.2006.04.004

10. Sun Y, Butte NF, Garcia JM, Smith RG. Characterization of adult ghrelin and
ghrelin receptor knockout mice under positive and negative energy balance.
Endocrinology (2008) 149:843–50. doi:10.1210/en.2007-0271

11. McFarlane MR, Brown MS, Goldstein JL, Zhao TJ. Induced ablation of ghrelin
cells in adult mice does not decrease food intake, body weight, or response to
high-fat diet. Cell Metab (2014) 20:54–60. doi:10.1016/j.cmet.2014.04.007

12. Zhao TJ, Liang G, Li RL, Xie X, Sleeman MW, Murphy AJ, et al. Ghrelin O-
acyltransferase (GOAT) is essential for growth hormone-mediated survival
of calorie-restricted mice. Proc Natl Acad Sci U S A (2010) 107:7467–72.
doi:10.1073/pnas.1002271107

13. Guan XM, Yu H, Palyha OC, McKee KK, Feighner SD, Sirinathsinghji DJ,
et al. Distribution of mRNA encoding the growth hormone secretagogue recep-
tor in brain and peripheral tissues. Brain Res Mol Brain Res (1997) 48:23–9.
doi:10.1016/S0169-328X(97)00071-5

14. Jiang H, Betancourt L, Smith RG. Ghrelin amplifies dopamine signaling by
crosstalk involving formation of GHS-R/D1R heterodimers. Mol Endocrinol
(2006) 20:1772–85. doi:10.1210/me.2005-0084

15. Kern A, Albarran-Zeckler R, Walsh HE, Smith RG. Apo-ghrelin receptor forms
heteromers with DRD2 in hypothalamic neurons and is essential for anorexi-
genic effects of DRD2 agonism. Neuron (2012) 73:317–32. doi:10.1016/j.neuron.
2011.10.038

16. Fetissov SO, Meguid MM, Sato T, Zhang LH. Expression of dopaminergic
receptors in the hypothalamus of lean and obese Zucker rats and food intake.
Am J Physiol Regul Integr Comp Physiol (2002) 283:R905–10.

17. Johnson PM, Kenny PJ. Dopamine D2 receptors in addiction-like reward dys-
function and compulsive eating in obese rats. Nat Neurosci (2010) 13:635–41.
doi:10.1038/nn.2519

18. Palmiter RD. Is dopamine a physiologically relevant mediator of feeding behav-
ior? Trends Neurosci (2007) 30:375–81. doi:10.1016/j.tins.2007.06.004

19. Pijl H. Reduced dopaminergic tone in hypothalamic neural circuits: expression
of a “thrifty” genotype underlying the metabolic syndrome? Eur J Pharmacol
(2003) 480:125–31. doi:10.1016/j.ejphar.2003.08.100

20. Volkow ND, Wang G-J, Baler RD. Reward, dopamine and the control of food
intake: implications for obesity. Trends Cogn Sci (2011) 15:37–46. doi:10.1016/
j.tics.2010.11.001

21. Andrews ZB. The extra-hypothalamic actions of ghrelin on neuronal function.
Trends Neurosci (2011) 34:31–40. doi:10.1016/j.tins.2010.10.001

22. Atcha Z, Chen WS, Ong AB, Wong FK, Neo A, Browne ER, et al. Cognitive
enhancing effects of ghrelin receptor agonists. Psychopharmacology (Berl) (2009)
206:415–27. doi:10.1007/s00213-009-1620-6

23. Carlini VP, Varas MM, Cragnolini AB, Schiöth HB, Scimonelli TN, de Bari-
oglio SR. Differential role of the hippocampus, amygdala, and dorsal raphe
nucleus in regulating feeding, memory, and anxiety-like behavioral responses to
ghrelin. Biochem Biophys Res Commun (2004) 313:635–41. doi:10.1016/j.bbrc.
2003.11.150

24. Chen L, Xing T, Wang M, Miao Y, Tang M, Chen J, et al. Local infusion of ghrelin
enhanced hippocampal synaptic plasticity and spatial memory through activa-
tion of phosphoinositide 3-kinase in the dentate gyrus of adult rats. Eur J Neu-
rosci (2011) 33:266–75. doi:10.1111/j.1460-9568.2010.07491.x

25. Davis JF, Choi DL, Clegg DJ, Benoit SC. Signaling through the ghrelin receptor
modulates hippocampal function and meal anticipation in mice. Physiol Behav
(2011) 103:39–43. doi:10.1016/j.physbeh.2010.10.017

26. Diano S, Farr SA, Benoit SC, McNay EC, da Silva I, Horvath B, et al. Ghre-
lin controls hippocampal spine synapse density and memory performance. Nat
Neurosci (2006) 9:381–8. doi:10.1038/nn1656

27. Jerlhag E, Egecioglu E, Landgren S, Salomé N, Heilig M, Moechars D, et al.
Requirement of central ghrelin signaling for alcohol reward. Proc Natl Acad Sci
U S A (2009) 106:11318–23. doi:10.1073/pnas.0812809106

28. Albarran-Zeckler RG, Brantley AF, Smith RG. Growth hormone secretagogue
receptor (GHS-R1a) knockout mice exhibit improved spatial memory and
deficits in contextual memory. Behav Brain Res (2012) 232:13–9. doi:10.1016/j.
bbr.2012.03.012

29. Jacoby SM, Currie PJ. SKF 83566 attenuates the effects of ghrelin on perfor-
mance in the object location memory task. Neurosci Lett (2011) 504:316–20.
doi:10.1016/j.neulet.2011.09.056

30. Jerlhag E, Egecioglu E, Dickson SL, Engel JA. Ghrelin receptor antagonism atten-
uates cocaine- and amphetamine-induced locomotor stimulation, accumbal
dopamine release, and conditioned place preference. Psychopharmacology (Berl)
(2010) 211:415–22. doi:10.1007/s00213-010-1907-7

31. Wellman PJ, Davis KW, Nation JR. Augmentation of cocaine hyperactivity in
rats by systemic ghrelin. Regul Pept (2005) 125:151–4. doi:10.1016/j.regpep.
2004.08.013

32. Schaeffer M, Langlet F, Lafont C, Molino F, Hodson DJ, Roux T, et al. Rapid sens-
ing of circulating ghrelin by hypothalamic appetite-modifying neurons. Proc
Natl Acad Sci U S A (2013) 110:1512–7. doi:10.1073/pnas.1212137110

33. Lawrence CB, Snape AC, Baudoin FM, Luckman SM. Acute central ghrelin and
GH secretagogues induce feeding and activate brain appetite centers. Endocrinol-
ogy (2002) 143:155–62. doi:10.1210/endo.143.1.8561

34. Pirnik Z, Bundziková J, Holubová M, Pýchová M, Fehrentz JA, Martinez J, et al.
Ghrelin agonists impact on Fos protein expression in brain areas related to
food intake regulation in male C57BL/6 mice. Neurochem Int (2011) 59:889–95.
doi:10.1016/j.neuint.2011.08.001

35. Watabe-Uchida M, Zhu L, Ogawa SK,Vamanrao A, Uchida N. Whole-brain map-
ping of direct inputs to midbrain dopamine neurons. Neuron (2012) 74:858–73.
doi:10.1016/j.neuron.2012.03.017

36. Cone JJ, McCutcheon JE, Roitman MF. Ghrelin acts as an interface between phys-
iological state and phasic dopamine signaling. J Neurosci (2014) 34:4905–13.
doi:10.1523/JNEUROSCI.4404-13.2014

37. Gasbarri A, Sulli A, Packard MG. The dopaminergic mesencephalic projections
to the hippocampal formation in the rat. Prog Neuropsychopharmacol Biol Psy-
chiatry (1997) 21:1–22. doi:10.1016/S0278-5846(96)00157-1

38. Gasbarri A, Verney C, Innocenzi R, Campana E, Pacitti C. Mesolimbic dopamin-
ergic neurons innervating the hippocampal formation in the rat: a combined
retrograde tracing and immunohistochemical study. Brain Res (1994) 668:71–9.
doi:10.1016/0006-8993(94)90512-6

39. Swanson LW. The projections of the ventral tegmental area and adjacent regions:
a combined fluorescent retrograde tracer and immunofluorescence study in the
rat. Brain Res Bull (1982) 9:321–53. doi:10.1016/0361-9230(82)90145-9

40. Lisman JE, Grace AA. The hippocampal-VTA loop: controlling the entry of
information into long-term memory. Neuron (2005) 46:703–13. doi:10.1016/j.
neuron.2005.05.002

www.frontiersin.org August 2014 | Volume 5 | Article 129 | 95

http://dx.doi.org/10.1172/JCI30248
http://dx.doi.org/10.1038/45230
http://dx.doi.org/10.1073/pnas.0305930101
http://dx.doi.org/10.1073/pnas.0305930101
http://dx.doi.org/10.1210/jcem.86.12.8111
http://dx.doi.org/10.1126/science.273.5277.974
http://dx.doi.org/10.1210/er.2004-0019
http://dx.doi.org/10.1210/edrv.18.5.0316
http://dx.doi.org/10.1128/MCB.23.22.7973-7981.2003
http://dx.doi.org/10.1128/MCB.23.22.7973-7981.2003
http://dx.doi.org/10.1016/j.cmet.2006.04.004
http://dx.doi.org/10.1210/en.2007-0271
http://dx.doi.org/10.1016/j.cmet.2014.04.007
http://dx.doi.org/10.1073/pnas.1002271107
http://dx.doi.org/10.1016/S0169-328X(97)00071-5
http://dx.doi.org/10.1210/me.2005-0084
http://dx.doi.org/10.1016/j.neuron.2011.10.038
http://dx.doi.org/10.1016/j.neuron.2011.10.038
http://dx.doi.org/10.1038/nn.2519
http://dx.doi.org/10.1016/j.tins.2007.06.004
http://dx.doi.org/10.1016/j.ejphar.2003.08.100
http://dx.doi.org/10.1016/j.tics.2010.11.001
http://dx.doi.org/10.1016/j.tics.2010.11.001
http://dx.doi.org/10.1016/j.tins.2010.10.001
http://dx.doi.org/10.1007/s00213-009-1620-6
http://dx.doi.org/10.1016/j.bbrc.2003.11.150
http://dx.doi.org/10.1016/j.bbrc.2003.11.150
http://dx.doi.org/10.1111/j.1460-9568.2010.07491.x
http://dx.doi.org/10.1016/j.physbeh.2010.10.017
http://dx.doi.org/10.1038/nn1656
http://dx.doi.org/10.1073/pnas.0812809106
http://dx.doi.org/10.1016/j.bbr.2012.03.012
http://dx.doi.org/10.1016/j.bbr.2012.03.012
http://dx.doi.org/10.1016/j.neulet.2011.09.056
http://dx.doi.org/10.1007/s00213-010-1907-7
http://dx.doi.org/10.1016/j.regpep.2004.08.013
http://dx.doi.org/10.1016/j.regpep.2004.08.013
http://dx.doi.org/10.1073/pnas.1212137110
http://dx.doi.org/10.1210/endo.143.1.8561
http://dx.doi.org/10.1016/j.neuint.2011.08.001
http://dx.doi.org/10.1016/j.neuron.2012.03.017
http://dx.doi.org/10.1523/JNEUROSCI.4404-13.2014
http://dx.doi.org/10.1016/S0278-5846(96)00157-1
http://dx.doi.org/10.1016/0006-8993(94)90512-6
http://dx.doi.org/10.1016/0361-9230(82)90145-9
http://dx.doi.org/10.1016/j.neuron.2005.05.002
http://dx.doi.org/10.1016/j.neuron.2005.05.002
http://www.frontiersin.org
http://www.frontiersin.org/Neuroendocrine_Science/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kern et al. Apo-ghrelin receptor regulates dopamine signaling

41. Rossato JI, Bevilaqua LR, Izquierdo I, Medina JH, Cammarota M. Dopamine
controls persistence of long-term memory storage. Science (2009) 325:1017–20.
doi:10.1126/science.1172545

42. Banks WA, Tschop M, Robinson SM, Heiman ML. Extent and direction
of ghrelin transport across the blood-brain barrier is determined by its unique
primary structure. J Pharmacol Exp Ther (2002) 302:822–7. doi:10.1124/jpet.
102.034827

43. Furness JB, Hunne B, Matsuda N, Yin L, Russo D, Kato I, et al. Investigation
of the presence of ghrelin in the central nervous system of the rat and mouse.
Neuroscience (2011) 193:1–9. doi:10.1016/j.neuroscience.2011.07.063

44. Grouselle D, Chaillou E, Caraty A, Bluet-Pajot MT, Zizzari P, Tillet Y, et al. Pul-
satile cerebrospinal fluid and plasma ghrelin in relation to growth hormone
secretion and food intake in the sheep. J Neuroendocrinol (2008) 20:1138–46.
doi:10.1111/j.1365-2826.2008.01770.x

45. Sakata I, Nakano Y, Osborne-Lawrence S, Rovinsky SA, Lee CE, Perello M,
et al. Characterization of a novel ghrelin cell reporter mouse. Regul Pept (2009)
155:91–8. doi:10.1016/j.regpep.2009.04.001

46. Missale C, Nash S, Robinson S, Jaber M, Caron M. Dopamine receptors: from
structure to function. Physiol Rev (1998) 78:189–225.

47. Milligan G. G protein-coupled receptor hetero-dimerization: contribution to
pharmacology and function. Br J Pharmacol (2009) 158:5–14. doi:10.1111/j.
1476-5381.2009.00169.x

48. Smith NJ, Milligan G. Allostery at G protein-coupled receptor homo- and
heteromers: uncharted pharmacological landscapes. Pharmacol Rev (2010)
62:701–25. doi:10.1124/pr.110.002667

49. Albizu L, Cottet M, Kralikova M, Stoev S, Seyer R, Brabet I, et al. Time-resolved
FRET between GPCR ligands reveals oligomers in native tissues. Nat Chem Biol
(2010) 6:587–94. doi:10.1038/nchembio.396

50. Maurel D, Comps-Agrar L, Brock C, Rives ML, Bourrier E,Ayoub MA, et al. Cell-
surface protein-protein interaction analysis with time-resolved FRET and snap-
tag technologies: application to GPCR oligomerization. Nat Methods (2008)
5:561–7. doi:10.1038/nmeth.1213

51. González S, Moreno-Delgado D, Moreno E, Pérez-Capote K, Franco R, Mallol J,
et al. Circadian-related heteromerization of adrenergic and dopamine D4 recep-
tors modulates melatonin synthesis and release in the pineal gland. PLoS Biol
(2012) 10:e1001347. doi:10.1371/journal.pbio.1001347

52. Hasbi A, Fan T, Alijaniaram M, Nguyen T, Perreault ML, O’Dowd BF, et al.
Calcium signaling cascade links dopamine D1-D2 receptor heteromer to stri-
atal BDNF production and neuronal growth. Proc Natl Acad Sci U S A (2009)
106:21377–82. doi:10.1073/pnas.0903676106

53. Jones KA, Borowsky B, Tamm JA, Craig DA, Durkin MM, Dai M, et al. GABA(B)
receptors function as a heteromeric assembly of the subunits GABA(B)R1 and
GABA(B)R2. Nature (1998) 396:674–9. doi:10.1038/25460

54. Rashid AJ, So CH, Kong MM, Furtak T, El-Ghundi M, Cheng R, et al. D1-D2
dopamine receptor heterooligomers with unique pharmacology are coupled to
rapid activation of Gq/11 in the striatum. Proc Natl Acad Sci U S A (2007)
104:654–9. doi:10.1073/pnas.0604049104

55. Dezaki K, Kakei M, Yada T. Ghrelin uses Galphai2 and activates voltage-
dependent K+ channels to attenuate glucose-induced Ca2+ signaling and insulin
release in islet beta-cells: novel signal transduction of ghrelin. Diabetes (2007)
56:2319–27. doi:10.2337/db07-0345

56. Park S, Jiang H, Zhang H, Smith RG. Modification of ghrelin receptor signaling
by somatostatin receptor-5 regulates insulin release. Proc Natl Acad Sci (2012)
109:19003–8. doi:10.1073/pnas.1209590109

57. Rediger A, Piechowski CL, Yi CX, Tarnow P, Strotmann R, Gruters A, et al.
Mutually opposite signal modulation by hypothalamic heterodimerization of
ghrelin and melanocortin-3 receptors. J Biol Chem (2011) 286:39623–31.
doi:10.1074/jbc.M111.287607

58. Whittington JE, Butler JV, Holland AJ. Changing rates of genetic subtypes
of Prader-Willi syndrome in the UK. Eur J Hum Genet (2007) 15:127–30.
doi:10.1038/sj.ejhg.5201716

59. Duker AL, Ballif BC, Bawle EV, Person RE, Mahadevan S, Alliman S, et al. Pater-
nally inherited microdeletion at 15q11.2 confirms a significant role for the
SNORD116 C/D box snoRNA cluster in Prader-Willi syndrome. Eur J Hum
Genet (2010) 18:1196–201. doi:10.1038/ejhg.2010.102

60. Powell WT, Coulson RL, Crary FK, Wong SS, Ach RA, Tsang P, et al. A Prader-
Willi locus lncRNA cloud modulates diurnal genes and energy expenditure.
Hum Mol Genet (2013) 22:4318–28. doi:10.1093/hmg/ddt281

61. Zhang Q, Bouma GJ, McClellan K, Tobet S. Hypothalamic expression of
snoRNA Snord116 is consistent with a link to the hyperphagia and obesity
symptoms of Prader-Willi syndrome. Int J Dev Neurosci (2012) 30:479–85.
doi:10.1016/j.ijdevneu.2012.05.005

62. Driscoll DJ, Miller JL, Schwartz S, Cassidy SB. Prader-Willi Syndrome. In: Pagon
RA,Adam MP,Ardinger HH, Bird TD, Dolan CR, Fong CT, et al. editors. GeneRe-
views® [Internet]. Seattle WA: University of Washington; 1993–2014 (1993).
Available from http://www.ncbi.nlm.nih.gov/books/NBK1330/

63. Schulze AH, Petersen MB, Blichfeldt SS, Kastrup KW, Brondum-Nielsen K.
[Prader-Willi syndrome – clinical picture and genetics]. Ugeskr Laeger (1995)
157:1513–9.

64. Whittington J, Holland A. Neurobehavioral phenotype in Prader-Willi syn-
drome. Am J Med Genet C Semin Med Genet (2010) 154C:438–47. doi:10.1002/
ajmg.c.30283

65. Cummings DE, Clement K, Purnell JQ, Vaisse C, Foster KE, Frayo RS, et al. Ele-
vated plasma ghrelin levels in Prader-Willi syndrome. Nat Med (2002) 8:643–4.
doi:10.1038/nm0702-643

66. Haqq AM, Farooqi IS, O’Rahilly S, Stadler DD, Rosenfeld RG, Pratt KL, et al.
Serum ghrelin levels are inversely correlated with body mass index, age, and
insulin concentrations in normal children and are markedly increased in Prader-
Willi syndrome. J Clin Endocrinol Metab (2003) 88:174–8. doi:10.1210/jc.2002-
021052

67. Yi CX, Heppner K, Tschop MH. Ghrelin in eating disorders. Mol Cell Endocrinol
(2011) 340:29–34. doi:10.1016/j.mce.2011.03.001

68. Goldstone AP, Holland AJ, Butler JV, Whittington JE. Appetite hormones and
the transition to hyperphagia in children with Prader-Willi syndrome. Int J Obes
(Lond) (2012) 36:1564–70. doi:10.1038/ijo.2011.274

69. DelParigi A, Tschop M, Heiman ML, Salbe AD, Vozarova B, Sell SM, et al. High
circulating ghrelin: a potential cause for hyperphagia and obesity in Prader-
Willi syndrome. J Clin Endocrinol Metab (2002) 87:5461–4. doi:10.1210/jc.2002-
020871

70. Petersenn S, Rasch AC, Penshorn M, Beil FU, Schulte HM. Genomic
structure and transcriptional regulation of the human growth hormone
secretagogue receptor. Endocrinology (2001) 142:2649–59. doi:10.1210/en.142.
6.2649

71. Vaiani E, Herzovich V, Chaler E, Chertkoff L, Rivarola MA, Torrado M, et al.
Thyroid axis dysfunction in patients with Prader-Willi syndrome during the
first 2 years of life. Clin Endocrinol (2010) 73:546–50. doi:10.1111/j.1365-2265.
2010.03840.x

72. Talebizadeh Z, Kibiryeva N, Bittel DC, Butler MG. Ghrelin, peptide YY and their
receptors: gene expression in brain from subjects with and without Prader-Willi
syndrome. Int J Mol Med (2005) 15:707–11.

73. Grugni G, Guzzaloni G, Morabito F. Impairment of GH responsiveness to GH-
releasing hexapeptide (GHRP-6) in Prader-Willi syndrome. J Endocrinol Invest
(2001) 24:340–8. doi:10.1007/BF03343871

74. Choe YH, Jin DK, Kim SE, Song SY, Paik KH, Park HY, et al. Hyperghrelinemia
does not accelerate gastric emptying in Prader-Willi syndrome patients. J Clin
Endocrinol Metab (2005) 90:3367–70. doi:10.1210/jc.2004-1651

75. De Waele K, Ishkanian SL, Bogarin R, Miranda CA, Ghatei MA, Bloom
SR, et al. Long-acting octreotide treatment causes a sustained decrease in
ghrelin concentrations but does not affect weight, behaviour and appetite
in subjects with Prader-Willi syndrome. Eur J Endocrinol (2008) 159:381–8.
doi:10.1530/EJE-08-0462

76. Haqq AM, Stadler DD, Rosenfeld RG, Pratt KL, Weigle DS, Frayo RS, et al. Cir-
culating ghrelin levels are suppressed by meals and octreotide therapy in chil-
dren with Prader-Willi syndrome. J Clin Endocrinol Metab (2003) 88:3573–6.
doi:10.1210/jc.2003-030205

77. Tan TM, Vanderpump M, Khoo B, Patterson M, Ghatei MA, Goldstone AP.
Somatostatin infusion lowers plasma ghrelin without reducing appetite in
adults with Prader-Willi syndrome. J Clin Endocrinol Metab (2004) 89:4162–5.
doi:10.1210/jc.2004-0835

78. Lin D, Wang Q, Ran H, Liu K, Wang Y, Wang J, et al. Abnormal response to the
anorexic effect of GHS-R inhibitors and exenatide in male Snord116 deletion
mouse model for Prader-Willi syndrome. Endocrinology (2014) 155:2355–62.
doi:10.1210/en.2013-2083

79. Tauber M, Diene G, Mimoun E, Cabal-Berthoumieu S, Mantoulan C, Molinas
C, et al. Prader-Willi syndrome as a model of human hyperphagia. Front Horm
Res (2014) 42:93–106. doi:10.1159/000358317

Frontiers in Endocrinology | Neuroendocrine Science August 2014 | Volume 5 | Article 129 | 96

http://dx.doi.org/10.1126/science.1172545
http://dx.doi.org/10.1124/jpet.102.034827
http://dx.doi.org/10.1124/jpet.102.034827
http://dx.doi.org/10.1016/j.neuroscience.2011.07.063
http://dx.doi.org/10.1111/j.1365-2826.2008.01770.x
http://dx.doi.org/10.1016/j.regpep.2009.04.001
http://dx.doi.org/10.1111/j.1476-5381.2009.00169.x
http://dx.doi.org/10.1111/j.1476-5381.2009.00169.x
http://dx.doi.org/10.1124/pr.110.002667
http://dx.doi.org/10.1038/nchembio.396
http://dx.doi.org/10.1038/nmeth.1213
http://dx.doi.org/10.1371/journal.pbio.1001347
http://dx.doi.org/10.1073/pnas.0903676106
http://dx.doi.org/10.1038/25460
http://dx.doi.org/10.1073/pnas.0604049104
http://dx.doi.org/10.2337/db07-0345
http://dx.doi.org/10.1073/pnas.1209590109
http://dx.doi.org/10.1074/jbc.M111.287607
http://dx.doi.org/10.1038/sj.ejhg.5201716
http://dx.doi.org/10.1038/ejhg.2010.102
http://dx.doi.org/10.1093/hmg/ddt281
http://dx.doi.org/10.1016/j.ijdevneu.2012.05.005
http://www.ncbi.nlm.nih.gov/books/NBK1330/
http://dx.doi.org/10.1002/ajmg.c.30283
http://dx.doi.org/10.1002/ajmg.c.30283
http://dx.doi.org/10.1038/nm0702-643
http://dx.doi.org/10.1210/jc.2002-021052
http://dx.doi.org/10.1210/jc.2002-021052
http://dx.doi.org/10.1016/j.mce.2011.03.001
http://dx.doi.org/10.1038/ijo.2011.274
http://dx.doi.org/10.1210/jc.2002-020871
http://dx.doi.org/10.1210/jc.2002-020871
http://dx.doi.org/10.1210/en.142.6.2649
http://dx.doi.org/10.1210/en.142.6.2649
http://dx.doi.org/10.1111/j.1365-2265.2010.03840.x
http://dx.doi.org/10.1111/j.1365-2265.2010.03840.x
http://dx.doi.org/10.1007/BF03343871
http://dx.doi.org/10.1210/jc.2004-1651
http://dx.doi.org/10.1530/EJE-08-0462
http://dx.doi.org/10.1210/jc.2003-030205
http://dx.doi.org/10.1210/jc.2004-0835
http://dx.doi.org/10.1210/en.2013-2083
http://dx.doi.org/10.1159/000358317
http://www.frontiersin.org/Neuroendocrine_Science
http://www.frontiersin.org/Neuroendocrine_Science/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kern et al. Apo-ghrelin receptor regulates dopamine signaling

80. Chiba S, Numakawa T, Ninomiya M, Yoon HS, Kunugi H. Cabergoline, a
dopamine receptor agonist, has an antidepressant-like property and enhances
brain-derived neurotrophic factor signaling. Psychopharmacology (Berl) (2010)
211:291–301. doi:10.1007/s00213-010-1894-8

81. Han JC, Muehlbauer MJ, Cui HN, Newgard CB, Haqq AM. Lower brain-
derived neurotrophic factor in patients with Prader-Willi syndrome compared
to obese and lean control subjects. J Clin Endocrinol Metab (2010) 95:3532–6.
doi:10.1210/jc.2010-0127

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 20 May 2014; paper pending published: 23 June 2014; accepted: 18 July 2014;
published online: 18 August 2014.
Citation: Kern A, Grande C and Smith RG (2014) Apo-ghrelin receptor (apo-
GHSR1a) regulates dopamine signaling in the brain. Front. Endocrinol. 5:129. doi:
10.3389/fendo.2014.00129
This article was submitted to Neuroendocrine Science, a section of the journal Frontiers
in Endocrinology.
Copyright © 2014 Kern, Grande and Smith. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

www.frontiersin.org August 2014 | Volume 5 | Article 129 | 97

http://dx.doi.org/10.1007/s00213-010-1894-8
http://dx.doi.org/10.1210/jc.2010-0127
http://dx.doi.org/10.3389/fendo.2014.00129
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org
http://www.frontiersin.org/Neuroendocrine_Science/archive


EPFL Innovation Park · Building I · 1015 Lausanne · Switzerland

T +41 21 510 17 00 · info@frontiersin.org · frontiersin.org

ADVANTAGES OF PUBLISHING IN FRONTIERS

TRANSPARENT

Editors and reviewers 
acknowledged by name  

on published articles

OPEN ACCESS

Articles are free to read,  
for greatest visibility 

GLOBAL SPREAD

Six million monthly  
page views worldwide

SUPPORT

By our Swiss-based  
editorial team

COPYRIGHT TO AUTHORS

No limit to  
article distribution  

and re-use

IMPACT METRICS

Advanced metrics  
track your  

article’s impact

RESEARCH NETWORK

Our network  
increases readership  

for your article

COLLABORATIVE  
PEER-REVIEW

Designed to be rigorous –  
yet also collaborative, fair and 

constructive

FAST PUBLICATION

Average 90 days  
from submission  

to publication


	Cover
	Frontiers Copyright Statement
	Neurological and Psychiatric Disorders in Endocrine Diseases
	Table of Contents
	Editorial: Neurological and psychiatric disorders in endocrine diseases
	References

	Corrigendum: "Editorial: Neurological and psychiatric disorders in endocrine diseases"
	Irisin levels are not affected by physical activity in patients with anorexia nervosa
	Introduction
	Subjects and methods
	Subjects
	Laboratory analysis of irisin plasma levels
	Measurements and calculation of activity and energy expenditure
	Statistical analysis

	Results
	Irisin plasma levels do not depend on activity and energy expenditure
	Irisin plasma levels show a negative correlation with components of energy expenditure in patients with restricting type anorexia nervosa only

	Discussion
	Author contributions
	Acknowledgments
	References

	Personality and psychiatric disorders in women affected by polycystic ovary syndrome
	Introduction
	Patients and methods
	Subjects recruitment
	Tests and selection of variables
	Laboratory and plasma assays
	Analysis of the data

	Results and discussion
	Conclusion
	Acknowledgments
	References

	Gender dysphoria – prevalence and co-morbidities in an Irish adult population
	Introduction
	Materials and methods
	Results
	Demographics
	Medical and psychiatric co-morbidities
	Post presentation

	Discussion
	Conclusion
	Acknowledgments
	References

	Reproduction, smell, and neurodevelopmental disorders: genetic defects in different hypogonadotropic hypogonadal syndromes
	Introduction
	The Human Reproductive Axis
	Normosmic idiopathic hypogonadotropic hypogonadism
	GNRH-1 and GNRHR mutations
	KISS1 and GFPR54 mutations
	TAC3R and TAC3 mutations
	Leptin (Ob) and leptin receptor mutations
	LHB mutations
	FSHB mutations
	Gonadotropins receptor (LHR and FSHR) mutations

	Kallmann syndrome
	Anosmin-1 (KAL-1) mutations
	FGF8 (KAL-6), FGF17, and FGFR1 (KAL-2) mutations
	PROK2 and PROKR2 mutations
	NELF mutations
	WDR11 mutations
	CHD7 mutations
	HS6ST1 mutations
	IL17RD, DUSP6, and SPRY4 mutations
	HESX1 mutations
	SEMA3A mutations


	Conclusion and Perspectives
	Acknowledgments
	References

	Health outcomes in acromegaly: depression and anxiety are promising targets for improving reduced quality of life
	Introduction
	Materials and methods
	Study design
	Study participants
	Measurement instruments
	Clinical characteristics
	Laboratory measurements
	Neuropsychiatric assessment

	Statistical analysis
	Descriptive analyses
	Statistical models
	Missing values

	Results
	Demographic and clinical characteristics
	Association between psychopathology/biochemical control and QoL at baseline
	Association between psychopathology/biochemical control and QoL at follow-up
	Association between psychopathology/biochemical control and progression of QoL throughout time

	Discussion
	Strengths and limitations

	Conclusion
	References

	Neuropsychiatric disorders in Cushing's syndrome
	Introduction
	Neuropsychiatric Disorders during Active Disease
	Neuropsychiatric Disorders after Disease Remission
	Effects of Neuropsychiatric Disorders on Quality of Life
	Conclusions
	References

	Neurological complications in thyroid surgery: a surgical point of view on laryngeal nerves
	Background
	The superior laryngeal nerve
	The inferior laryngeal nerve
	Author contributions
	References

	Constitutional thinness and anorexia nervosa: a possible misdiagnosis?
	Introduction
	Differences between anorexia nervosa and constitutional thinness
	Discussion
	Acknowledgments
	References

	Neuropsychiatric comorbidity in obesity: role of inflammatory processes
	Introduction
	Neuropsychiatric comorbidity in obesity
	Obesity and inflammation
	Central effects of inflammation: evidence and mechanisms
	Role of inflammatory processes in obesity-related neuropsychiatric symptoms: clinical and experimental findings
	Inflammation-driven neuropsychiatric comorbidity in obesity: potential underlying pathways
	Conclusion
	References

	Ghrelin-derived peptides: a link between appetite/reward, GH axis, and psychiatric disorders?
	Introduction
	Preproghrelin-derived peptides in eating disorders
	Preproghrelin-derived peptides and food reward
	Pharmacological actions of ghrelin in animals and humans
	Genetic or pharmacological blockade of the ghrelin/GHS-R pathway

	Regulation of preproghrelin-derived peptides in animal and human pathophysiology
	Animal pathophysiology
	Human pathophysiology


	Preproghrelin-derived peptides in alcohol addiction
	Preproghrelin-derived peptides and alcohol consumption
	Pharmacological actions of ghrelin in animals and humans
	Genetic or pharmacological blockade of the ghrelin/GHS-R pathway

	Regulation of preproghrelin-derived peptides in animal and human pathophysiology
	Animal pathophysiology
	Human pathophysiology


	Preproghrelin-derived peptides in addiction to drugs of abuse
	Preproghrelin-derived peptides and consumption of drugs of abuse
	Pharmacological actions of ghrelin in animals and humans
	Genetic or pharmacological blockade of the ghrelin/GHS-R pathway

	Regulation of preproghrelin-derived peptides in animal and human pathophysiology

	Central Mechanism of action mediating reward-relevant behaviors
	Mesolimbic cholinergic-DA system
	Glutamatergic/GABAergic system
	Serotonin system

	Preproghrelin-derived peptides in stress/anxiety/depression
	Preproghrelin-derived peptides and stress-response/anxiety/depression
	Pharmacological actions of ghrelin in animals and humans
	Genetic or pharmacological blockade of the ghrelin/GHS-R pathway

	Regulation of preproghrelin-derived peptides in animal and human pathophysiology
	Animal pathophysiology
	Human pathophysiology
	Anxiety/stress
	Depression
	Schizophrenia



	Ghrelin-GH Axis and Psychiatric Disorders
	Conclusion
	References

	Apo-ghrelin receptor (apo-GHSR1a) regulates dopamine signaling in the brain
	Introduction
	Ghrelin activation of hypothalamic neurons enhances dopamine release from midbrain dopaminergic neurons
	GHSR1a and DRD2 are Co-Expressed in hypothalamic neurons resulting in modification of canonical dopamine signaling
	DRD2 agonist suppression of feeding behavior is dependent on GHSR1a and formation of GHSR1a:DRD2 heteromers in hypothalamic neurons
	Implications of GHSR1:DRD2 heteromers in obsessive eating associated with Prader–Willi syndrome
	Summary
	Acknowledgments
	References




