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Abstract: Neuropeptide Y (NPY) and peptide YY (PYY) are involved in metabolic regulation. The
purpose of the study was to assess the serum levels of NPY and PYY in adolescents with anorexia
nervosa (AN) or obesity (OB), as well as in a healthy control group (CG). The effects of potential
confounders on their concentrations were also analysed. Eighty-nine adolescents were included
in this study (AN = 30, OB = 30, and CG = 29). Anthropometric measurements and psychometric
assessment of depressive symptoms, eating behaviours, body attitudes, and fasting serum levels of
NPY and PYY were analysed. The AN group presented severe depressive symptoms, while the OB
group held different attitudes towards the body. The levels of NPY were lower in the AN and OB
groups as compared with the CG. The PYY levels were higher in the OB group than in the AN group
and the CG. The severity of eating disorder symptoms predicted fasting serum concentrations of
NPY. Lower levels of NPY in AN, as well as in OB suggests the need to look for a common link in
the mechanism of this effect. Higher level of PYY in OB may be important in explaining complex
etiopathogenesis of the disease. The psychopathological symptoms may have an influence on the
neurohormones regulating metabolism.

Keywords: anorexia nervosa; obesity; neuropeptide Y family

1. Introduction

Eating disorders (EDs) and obesity (OB) are distinct conditions with several over-
lapping biopsychosocial risk factors, such as ethnicity, personality traits, adverse events,
and neurobehavioural disturbances [1,2]. Globally, the prevalence of overweight in the
paediatric population is increasing rapidly. It is estimated that 170 million children have
a weight exceeding the norm. The childhood OB epidemic is a serious problem, not only
regarding physical health, but also the development of mental disorders such as depression
or EDs [3]. Recent studies have highlighted OB and anorexia associated with medical
conditions, as well as OB and EDs as potentially being two sides of the same coin [4–6].
The brain structures and functions of patients with OB and metabolic disorders contrast
to those seen in patients with anorexia nervosa (AN) [7]. Studies have identified signifi-
cant negative genetic correlations between AN and OB, suggesting that these conditions
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may represent “metabolic bookends” [8]. Moreover, a recent genome-wide association
study (GWAS) resulted in the reconceptualisation of AN, i.e., it is not just a mental illness,
but a metabo-psychiatric disease [9], which allows us to compare it with other metabolic
disorders, including OB. AN is characterised by a disturbed body image, an extreme fear
of weight gain, and weight loss, mostly due to restricted food intake. It has a chronic
course and a high mortality rate. It also reduces the patient’s quality of life and places an
emotional burden on individuals and families.

The aetiology of both AN and OB is still poorly understood, and treatment pro-
grammes leave a lot to be desired. In recent years, several peptides and hormones crucial
for maintaining homeostasis through the regulation of appetite and metabolism have
been identified. Many of them are produced and interplay in the brain, fat tissue, or
digestive system. Moreover, some of them act in the limbic system and cerebral cortex,
regulating perception, mood, motivation, and other food-related processes [10–12]. The
Y neuropeptide family seems particularly relevant because it has a significant influence
on the regulation of food and metabolism, both at the central and peripheral levels, and
is involved in gut–brain communication. It includes neuropeptide Y (NPY), peptide YY
(PYY), and pancreatic polypeptide (PP).

PYY is secreted mainly in the gastrointestinal system, by L-type neuroendocrine cells
located in its lower part and by the endocrine cells of the pancreas [13–16]. It is produced in
proportion to the number of calories consumed; however, the type of food is also crucial for
its secretion. PYY concentration increases shortly after a meal and stays elevated for several
hours [17,18]. PYY plays a physiological role in the central and peripheral regulation of
appetite, signalling the end of a meal, reducing food intake, and slowing gastrointestinal
tract motility [19]. A single animal study suggested that PYY receptors are distributed
within the hypothalamic arcuate nucleus, preoptic and dorsomedial nuclei, nucleus tractus
solitarii of the brain stem [20], medial nucleus of the amygdala, substantia nigra, and
parabrachial area [21]. Thus, PYY action on the limbic system (including the amygdala)
might be significant when considering the modulation of hedonic pathways [20].

In contrast, NPY is a peptide produced and acting mainly in the brain. NPY and its
receptors are widely expressed in the cerebral cortex, thalamus, hippocampus, amygdala,
and basal ganglia [22–24]. However, they are also secreted in the enteroendocrine cells of
the intestine, sympathetic neurons of blood vessels, lymph tissue, and immune cells. NPY
is one of the most potent orexigenic peptides in the brain. It reduces energy expenditure
and causes weight gain after intracerebral, but not peripheral, administration [25–27]. It
is known that leptin is a potent inhibitor of NPY secretion [28]. Moreover, animal studies
have suggested that NPY plays a significant role in the entero-cerebral axis. For instance,
NPY expression was shown to be higher in the hypothalamus of germ-free mice than in
animals fed traditionally [29]. NPY is also involved in regulating mucosal permeability,
blood circulation, and intestinal peristaltic movements [30–32]. Peripherally, it promotes
adipogenesis and inhibits lipolysis.

It has been postulated that both neuropeptides NPY and PYY interplay in homeostasis
regulation. Thus, in NPY/PYY-knockout mice, lower food intake and impaired insulin
action have been observed [30–32]. Furthermore, in recent years, researchers have empha-
sised the role of NPY in the regulation of anxiety, cognition, mood, and stress levels [33–35].
In rats, amygdala-based NPY administration has shown a reduction in anxiety and depres-
sive behaviours [36,37], while NPY-knockout mice have been shown to present anxiety and
depressive behaviours [38,39]. Similarly, a depression-like phenotype has been observed
in PYY-knockout mice [39]. Animals under the influence of a stressor show a negative
correlation of PYY levels with motivation and apathy-like behaviours [40]. Moreover, the
neuroprotective, neuroproliferative, and neurogenesis-induced effects of NPY have been
proven [41]. Peptides from the NPY family are unique. NPY is one of the most influential
agents in stimulating food intake, and PYY is released in response to calorie intake, thereby
inducing satiety. Moreover, both might be important for the functioning of the brain–gut
axis and might also participate in non-homeostatic food intake regulation.
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Human studies on NPY and PYY in OB and AN are inconclusive. Most of them have
focused on the role of NPY in overweight subjects. They have proven that the NPY gene is
associated with increased body weight and that NPY activity is increased in OB [42]. Less
is known about PYY; some studies have shown its concentration to be reduced, but others
have not confirmed this [43]. Moreover, only a few studies have been conducted among
patients with AN, usually including a small number of adult patients. In these studies,
both PYY and NPY were discovered to be unchanged, increased, or decreased, as discussed
later in this article.

There is a gap in the knowledge of hormonal appetite responses in adolescents with
either OB and AN. Studies in this age group are crucial because this is the time when the
first symptoms of these disorders appear and when significant neuroplastic processes occur.
Therefore, the purpose of the present study was to assess the serum levels of NPY and PYY
in adolescents with OB or AN, as well as in a healthy control group (CG). A secondary goal
was to test for the effects of potential confounders on the concentrations of NPY and PYY,
including age, body mass index (BMI), and glucose and insulin levels, and to explore the
impact of eating disorders and depressive symptoms on these neuropeptides in adolescents
across the weight spectrum. We expected that the concentrations of NPY and PYY might
be associated with homeostatic regulation factors such as glucose or insulin, and also with
the emotions, attitudes, and behaviours connected with food intake.

2. Methodology
2.1. Participants and Procedures

Eighty-nine adolescents (11 boys and 78 girls) were included in the study. Thirty of
them were admitted to the Department of Pediatric Diabetes and Obesity because of obesity
(OB group). Thirty girls were admitted in the acute phase of anorexia nervosa (AN group)
to the Department of Child and Adolescent Psychiatry. The remaining 29 subjects were
recruited among middle school students (CG). Patients with AN were hospitalised for the
first time and had symptoms of the disease for less than a year. Diagnosis of the restrictive
type of AN was made according to the 10th revision of International Statistical Classification
of Diseases and Related Health Problems (ICD-10) and 5th revision of Diagnostic and
Statistical Manual of Mental Disorders (DSM-5). The inclusion criteria for AN and OB were
age- and gender-adjusted BMI percentile of 5 and 95, respectively. The exclusion criteria for
all participants, including CG, were the occurrence of any psychiatric disorders based on
the interview conducted by a specialist in child and adolescent psychiatry, chronic somatic
illnesses and laboratory abnormalities not related to OB or AN, chronic medication use,
and dietary supplement intake.

All patients had the following checks within two days of admission: Height and
weight were checked, psychometric evaluation was carried out, and 15 mL of blood was
obtained. BMI was calculated as the ratio of body weight (kg) to height squared (m2),
and the percentage of ideal body weight (%IBW) as a ratio of actual to ideal body weight
(IBW) × 100%, where IBW (kg) = height (cm) − 100 − {[(height (cm) − 150)]/2} according
to Lorentz’s formula [44].

The Beck Depression Inventory (BDI), the Body Attitude Test (BAT), and the Eating
Attitudes Test (EAT-26) have high reliability and validity and are widely applied to assesses
specific psychopathological symptoms in adolescents [45–49]; therefore, they were used
in the present study. The BDI is a 21-item self-report inventory used for measuring the
symptoms of depression. It evaluates mood, pessimism, sense of failure, self-dissatisfaction,
guilt, punishment, self-dislike, self-accusation, suicidal ideas, crying, irritability, social
withdrawal, indecisiveness, body image change, work difficulty, insomnia, fatigability,
loss of appetite, weight loss, somatic preoccupation, and loss of libido. The standard
cut-off scores are as follows: 0–11 without depression, 12–26 mild depression, 27–49
moderately severe depression, and 50–63 very severe depression [50]. BAT is a self-
assessment questionnaire designed to assess subjective body experience and attitude
towards one’s own body. The items are divided into the following three subscales: (1)
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negative appreciation of body size, with questions concerning dissatisfaction with body
size and its specific parts; (2) lack of familiarity with one’s own body, with questions
related to body perception and feelings of tension, numbness, alienation, and danger; (3)
general dissatisfaction, with questions concerning general dissatisfaction, controlling and
comparing one’s appearance [51]. The EAT-26 is a standardised measurement of symptoms
and fears characteristic of EDs. It is a self-report questionnaire that consists of 26 items over
the following three subscales: (1) dieting, including questions about reducing food intake
and the emotions accompanying it; (2) bulimia and food preoccupation, with questions
related to time spent eating, binge eating, and vomiting episodes; (3) oral control, with
questions pertaining to overeating control [52]. Scores over 20 indicate the possibility
of ED. Moreover, in all used tests, the higher the score, the greater the severity of the
measured symptoms.

The CG also underwent a physical and mental examination, anthropometric mea-
surements, psychological assessment (except the BAT), and laboratory tests. The research
protocol was approved by the Poznan University of Medical Sciences Bioethics Committee
(265/18 and 295/18). All procedures were conducted according to the 1964 Declaration of
Helsinki. Consent was obtained from all participants and their guardians.

2.2. Biochemical Analysis

Venous blood was collected on morning admission (8:00–9:00 a.m.) from fasting (12 h
after the last meal) AN, OB, and CG subjects. Serum was immediately separated from
the blood by centrifugation at 1000× g for 15 min at 4 ◦C, aliquoted into Eppendorf tubes,
frozen at −70 ◦C, and assayed afterwards.

Quantitative NPY and PYY tests were performed using a commercial one enzyme-
linked immunosorbent assay (Human Pro-neuropeptide Y Elisa Kit, cat. No. E0879h, and
Human Peptide YY Elisa Kit, cat. No. E1067h), following the manufacturer’s instructions.

The measurement range of the kit was 78–5000 pg/mL for NPY and 6.25–400 pg/mL
for PYY. The minimum detectable dose of general NPY is typically less than 32 pg/mL,
and for PYY, less than 3.1 pg/mL. Optical density was read via a spectrophotometric plate
reader (Biochrom Asys UVM 340 Microplate Reader) at a wavelength of 450 ± 10 nm.
Every assay was performed twice, and the mean value of the two assays was used for
statistical evaluation. A four-parameter algorithm (four-parameter logistic) was used to
assay the concentration in the tested samples.

2.3. Statistical Analysis

The analyses were carried out in the PQStat program, version 1.8.0.352. The data are
described as arithmetic means ± standard deviation (SD). The results are also presented
as boxplots.

The normality of the distribution was tested by the Shapiro–Wilk test. When the
data distribution differed significantly from the normal distribution, the groups were
compared by the Kruskal–Wallis test and Dunn’s multiple comparison test with Bonferroni
correction, or by the Mann–Whitney U test, depending on the number of compared groups.
For variables with a normal distribution, the ANOVA test for independent variables and
Tukey’s HSD multiple comparison test were used. The effect sizes for each comparison
were also calculated.

The impact of potential confounding variables on the NPY and PYY levels were
analysed in all included adolescents across the weight spectrum (AN + OB + CG). For this
purpose, log-transformation of the analysed variables was conducted due to the presence
of outliers and non-normal distributions. However, the data remained non-normal for most
of the variables. Therefore, generalised linear models were used to perform the analysis. A
significance level of 0.05 was used for the statistical analyses.
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3. Results
3.1. Demographic Characteristics

The demographic characteristics of all participants are presented in Table 1. The study
groups showed statistically significant age differences (p < 0.001). The OB group was
statistically significantly younger than the CG and the AN group; however, there was no
difference between the CG and the AN group. As expected, the AN and OB groups and
the CG differed significantly in terms of BMI (p < 0.001) and percentage of ideal body mass
(%IBW) (p < 0.001).

Table 1. Age, height, body mass index (BMI), percentage of ideal body mass (% IBW), and fasting serum levels of glucose,
insulin, neuropeptide Y (NPY), and peptide YY (PYY) in adolescents with anorexia nervosa (AN) or obesity (OB), as well as
in the healthy control group (CG).

N AN N CG N OB p

p
Multiple Comparisons

η2

AN vs.
CG

AN vs.
OB

CG vs.
OB

Age
(years) 30 14.83 ± 1.74 29 15.38 ± 1.47 30 12.47 ± 3.26 <0.001 1 0.005 <0.001 0.190

Height
(m) 30 1.61 ± 0.07 29 1.65 ± 0.05 30 1.61 ± 0.09 0.147 0.091 0.098 0.088 0.043

BMI
(kg/m2) 30 14.07 ± 1.38 29 19.14 ± 5.32 30 32.46 ± 5.98 <0.001 <0.001 <0.001 <0.001 0.803

%IBW 29 0.63 ± 0.15 29 0.94 ± 0.18 30 1.53 ± 0.3 <0.001 <0.001 <0.001 <0.001 0.814
Glucose
(mg/dL) 20 76.2 ± 7.47 26 77.38 ± 7.53 30 89.33 ± 6.16 <0.001 0.083 <0.001 <0.001 0.442

Insulin
(mU/mL) 16 8.02 ± 10.19 26 9.81 ± 7.27 30 19.69 ± 7.26 <0.001 0.444 <0.001 <0.001 0.446

NPY
(pg/mL) 27 1328.69 ± 1647.57 30 3159.69 ± 1401.19 25 1850.03 ± 1769.06 <0.001 0.001 0.661 <0.006 0.242

PYY
(pg/mL) 30 25.49 ± 9.79 28 18.46 ± 9.81 28 59.12 ± 22.5 <0.001 0.084 <0.001 <0.001 0.563

Data are presented as mean ± standard deviation.

3.2. Levels of Neuropeptide Y (NPY) and Peptide YY (PYY)

As shown in Table 1, the serum NPY concentrations were significantly lower in the
AN group than in the CG (p < 0.001), but there were no statistically significant differences
between the AN and OB groups (p = 0.661). However, the OB group and the CG differed
significantly (p = 0.006) (Figure 1). The mean PYY concentrations in the AN group and the
CG were lower than in the OB group (p < 0.001) (Figure 2).

3.3. Clinical Characteristics

As presented in Table 2, the AN group obtained significantly higher results in the
BDI than the CG (p < 0.001) and the OB group (p = 0.040), but there was no statistically
significant difference between the OB group and the CG (p = 0.205). Patients with OB
obtained statistically higher total BAT scores than the AN group (p = 0.010). They also
differed in two subscales, i.e., the negative appreciation of body size (p = 0.003) and the
lack of familiarity with one’s own body (p = 0.028). There were no significant differences
in the total EAT-26 score among the AN and OB group and the CG (AN group vs. CG,
p = 0.163; AN group vs. OB group, p = 1; OB group vs. CG, p = 0.075). However, on the diet-
ing subscale, there were significant differences both between the OB and AN groups
(p < 0.001) and between the OB group and the CG (p < 0.001). Furthermore, in the
oral control subscale, there was a significant difference between the AN and OB groups
(p < 0.022).
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Figure 1. Fasting serum levels of neuropeptide Y (NPY) in adolescents with anorexia nervosa (AN) or obesity (OB), as well
as in the healthy control group (CG).

Figure 2. Fasting serum levels of peptide YY (PYY) in adolescents with anorexia nervosa (AN) or obesity (OB), as well as in
the healthy control group (CG).
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Table 2. The Beck Depression Inventory (BDI), the Body Attitude Test (BAT), and the Eating Attitude Test (EAT-26) scores in
adolescents with anorexia nervosa (AN) or obesity (OB), as well as in the healthy control group (CG).

N AN N CG N OB p

p
Multiple

Comparisons η2

AN vs.
CG

AN vs.
OB

CG vs.
OB

BDI 26 21.00 ± 14.53 30 7.7 ± 8.26 29 11.86 ± 9.75 <0.001 <0.001 0.040 0.205 0.199
BAT

total score 16 21.13 ± 22.73 0 - 30 38.97 ± 18.95 0.010 - - - 0.652

BAT
negative

appreciation of
body size

16 7.75 ± 9.73 0 - 30 17.27 ± 8.98 0.003 - - - 0.650

BAT
lack of familiarity

with one’s own body
16 7.31 ± 7.42 0 - 30 12 ± 6.01 0.028 - - - 0.654

BAT
general

dissatisfaction
16 6.06 ± 6.39 0 - 30 9.7 ± 5.52 0.056 - - - 0.655

EAT-26
total score 30 14.03 ± 16.43 30 5.17 ± 5.6 30 11.07 ± 12.3 0.053 0.163 1 0.075 0.043

EAT-26
dieting 30 2.41 ± 3.61 30 2.33 ± 3.58 30 7.83 ± 7.46 <0.001 1 <0.001 <0.001 0.245

EAT-26
bulimia and food

preoccupation
30 2.09 ± 3.55 30 0.7 ± 1.39 30 1.47 ± 2.73 0.530 0.800 1 1 0.008

EAT-26
oral control 30 4.63 ± 5.19 30 2.2 ± 2.96 30 1.77 ± 3.59 0.024 0.268 0.022 0.993 0.061

Data are presented as mean ± standard deviation.

3.4. Analysis of Confounding Variables

The findings of the regressions assessing age, BMI, and fasting serum glucose and
insulin, as well as the selected psychopathological symptoms, as potential confounders
of the fasting serum concentrations of NPY and PYY in adolescents across the weight
spectrum are shown in Table 3. The severity of eating disorder symptoms measured
with the EAT-26 predicted fasting serum concentrations of NPY (p = 0.012) but not PYY.
However, age, BMI, and serum fasting glucose and insulin levels were not associated with
NPY or PYY.

Table 3. Age, BMI, fasting serum glucose and insulin, and psychopathological symptoms measured
with the Eating Attitudes Test (EAT-26) and the Beck Depression Inventory (BDI) as the potential
confounders of neuropeptide Y (NPY) and peptide YY (PYY) levels in adolescents across the weight
spectrum (anorexia nervosa, obesity, and healthy control group).

NPY PYY

N B p N B P

Age
(years) 70 −0.09 0.432 84 −0.06 0.316

BMI
(kg/m2) 69 0.11 0.422 83 0.06 0.705

Glucose
(mg/dL) 61 0.40 0.227 71 0.19 0.683

Insulin
(mU/mL) 59 −0.04 0.559 67 0.11 0.287

BDI 61 −0.06 0.059 76 −0.03 0.460
EAT-26 58 −0.08 0.002 72 0.02 0.645
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4. Discussion

Patients with OB or AN and healthy subjects under the age of 18 were enrolled in the
present study. They did not differ in height, but because of their diagnoses, they differed in
body weight, BMI, and percentage of ideal body weight. Furthermore, they differed in the
intensity of some psychopathological symptoms. Patients diagnosed with AN presented
significantly higher results in the BDI than the CG and the OB group, which is congruent
with reports that up to 70% of patients with AN have comorbid depressive symptoms.

Subjects with OB scored higher than the AN group in the BAT scale, and the differ-
ences were mainly in two subscales, i.e., negative appreciation of body size and lack of
familiarity with one’s own body. The higher results in the BAT in the OB group could be
influenced by the devaluation and social stigmatisation of obesity [53,54], which should
be considered when planning weight loss interventions. However, these findings were
interesting regarding patients with AN, since they are widely believed to be dissatisfied
with their appearance. Such low BAT scores among patients with AN might be related to
the fact that at the time of testing, they had an extremely low body weight, which could be
satisfactory for them.

However, it is more likely that AN patients’ self-assessment results were influenced by
the denial of the disease symptoms, as reported in previous studies [55,56]. Therefore, the
results of the EAT-26 scale were also not as high as expected. Although the mean results for
the total scores on the EAT-26 scale for the AN group were 14.07, for the CG were 5.17, and
for the OB group were 11.07, the level of statistical significance was not reached (p = 0.059).
However, significant differences were observed in the subscales. Patients with AN were
characterised by a greater intensity of oral control symptoms, and OB subjects by greater
intensity of diet symptoms, which is congruent with the clinical observations and previous
studies [57,58]. Thus, we suggest that good practice in future studies of patients with AN
would be to not only use self-assessment scales, but also those assessed by a specialist.

Numerous studies have shown that NPY levels are rising due to a lack of food, which,
in turn, leads to maintaining the homeostatic balance by reducing energy expenditure,
stimulating appetite, and increasing food intake [59–61]. NPY, as an orexigenic peptide,
performs several functions in the regulation of appetite and energy homeostasis. It delays
the appearance of satiety, increases the size of the meal, extends the time of eating [62–66],
stimulates carbohydrate preference, and affects the choice of food [27].

The adolescent patients with increased body weight included in the present study had
reduced fasting serum NPY levels as compared with healthy individuals. These results are
congruent with the studies conducted by Saranck and Lou [67,68] among obese children. To
the best of our knowledge, there is no similar research in children or adolescents. However,
in adults with increased body weight, the NPY serum levels were reported to be higher
than in healthy subjects [69–71] or remained unchanged [72,73]. We speculate that the
differences in the results may be related to the age of the respondents, especially since
animal studies have shown that the level of NPY expression is age dependent and increases
with age. Additionally, it should be investigated whether the duration of obesity affects
the differences in peptide alteration.

However, the reduced serum NPY levels in the recruited OB patients could be an
adaptive mechanism for increased food intake. Furthermore, this effect may be mediated
by leptin, which inhibits NPY and is elevated in obesity. Therefore, it seems necessary to
conduct research that could explain the causes of this phenomenon.

The adolescent patients with decreased body weight had also reduced fasting serum
NPY levels as compared with healthy individuals. Previous studies have shown conflict-
ing results, for example, NPY concentrations have been reported to be decreased [74],
increased [75–77], or unchanged [71,78]. However, only one of these studies was conducted
in adolescents. The decreased NPY levels in malnourished patients with AN suggests no
NPY response to starvation, which could be relevant for maintaining a negative energy
balance and upholding the disease symptoms. Moreover, it has been proven that the
elevation of NPY reduces anxiety, fear learning, and locomotor activity [79]. Therefore,
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the authors of the present study suggest that the increased anxiety and physical activity
observed in patients with AN might be partially associated with a decreased level of NPY.
It would be worth continuing research in this area.

PYY is a potent anorexigenic agent. It has been suggested that peripheral PYY acts
as a satiety signal, regulating the termination of individual meals, partly by reducing the
production of the hunger-stimulating peptide ghrelin. The results obtained in the patients
with AN confirm previous reports, i.e., the serum fasting PYY concentrations were not
significantly different from those of the healthy volunteers [77,80–82]. However, some
other studies have reported an increase [83]. We expected PYY to be lower in malnourished
patients; however, it remained unchanged as compared with the control group. The present
study did not explain whether the lack of changes in the PPY concentration is related to the
etiopathogenesis of the disorder, as Pfluger suggested [84], or whether PPY is not crucial
for AN. These questions indicate the need for further research.

The fasting serum PYY levels were higher in OB adolescents, which is congruent
with the research conducted by Patel [85]. However, in most studies among obese youths,
their fasting PYY levels were in a normal range [86–90] or lower [91,92]. Equivocal results
have been obtained in adults. The PYY was usually decreased [12,81,93,94] or remained
unchanged [82,95–97]. A higher level of PYY in obesity is adequate for metabolic status,
although it has no effect. It should be considered whether this is related to PYY resistance,
which is also observed in other anorexigenic peptides such as leptin [98]. However, most of
the studies on adult patients do not support PPY resistance in individuals with obesity [99].
Unfortunately, the present research did not explain the differences in the results of previous
studies regarding PYY. It has already been reported that the role of appetite-related gut
peptides in childhood and adolescent obesity is less explored and less understood, and
findings can be challenging to interpret in this age group [100]. Puberty and body com-
position, which change with age, are the crucial factors affecting the peptides involved in
food intake regulation. Therefore, comparing the results of similar studies in children and
adults might not be reliable. Thus, it is necessary to conduct more research on the proteins
regulating obese youths’ metabolism, because they may act differently than in adults.

The severity of eating disorder symptoms measured with the EAT-26 scale predicted
the concentration of NPY in adolescents across the weight spectrum. The neural neu-
ropeptide Y receptor system might be involved in the processes connected with eating,
because the localisation of its receptors overlaps with the neural networks engaged in
cue-conditioned eating in limbic and cortical areas [101]. To the best of our knowledge,
there have been no studies investigating the correlation between NPY and eating disorder
symptomatology; therefore, it seems necessary to continue research in this area.

The severity of depression symptoms measured with the BDI scale did not predict
the NPY concentration in all of the included participants, although the results were at
the borderline of statistical significance (p = 0.059). In previous studies, adolescents with
higher scores in BDI had lower plasma neuropeptide Y levels. The NPY receptors in
the hippocampus, cerebral cortex, and amygdala are essential for NPY regulation of
anxiety, reactivity to stress, cognitive processes, and depression [102]. Animal studies
have suggested that lower NPY levels are associated with posttraumatic stress disorder
(PTSD), depression, and anxiety-like symptoms [37], and intracerebral NPY administration
reduces anxiety and improves mood [30,103]. A meta-analysis of the studies conducted
among patients with major depressive disorder (MDD) confirmed that NPY levels are
decreased in this disease [104]. It has been postulated that the regulation of central NPY
expression is one of the mechanisms of adaptation to chronic stress, which is reflected in
the pathophysiology of anxiety and depression. Many reports have indicated that the Y1
receptor primarily mediates the anxiolytic activity of NPY; An intra-amygdala injection of
NPY increases social interaction time and has an anxiolytic-like effect [36,105]. NPY adapts
the body to stressful, potentially life-threatening conditions and maintains resistance to
traumatic events and psychological integrity [106]. Therefore, research in this area should
be continued.
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NPY and PYY were not related to age, BMI, or fasting serum of insulin and glu-
cose in adolescents across the weight spectrum. This is congruent with many previous
studies conducted among healthy people, as well as those suffering from some somatic
diseases [95,107–109]. Since BMI reflects the degree of nutrition, and glucose and insulin
provide this information to the relevant brain areas, a correlation between these variables
and NPY and PYY might be expected. However, associations between metabolic status and
appetite-regulating peptides are more complex than simple feedback loops [110], and the
higher regions of the brain connected with emotions and behaviours might be important in
their regulation.

The authors of the present study are aware of its limitations and recall the most
important of them. The number of considered variables was quite large, which reduced
the power of each analysis. The healthy controls were not issued the Body Attitude Test.
However, we compared the results between the AN and OB groups, and since they seemed
interesting, we considered presenting and discussing them. Moreover, we did not use BAT
in the confounding variables analysis. The subjects included in the study were instructed
to eat their last meal 12 h before the test. We did not use any additional methods to validate
the fasting state, which may have diluted the findings. However, they were also not used
in the above discussed research. While interpreting the results of this study, it should be
remembered that the level of peripheral peptides does not have to reflect their central
activity. Moreover, the aetiology of anorexia nervosa and obesity is complex, and only
single factors in the entire complex network of relationships were analysed. Furthermore, it
is difficult to determine which of the alterations in protein levels are primary and which are
secondary to the changes in body weight, as well as what their final role in etiopathogenesis
is. Therefore, continued follow-up studies on a larger group of adolescents with AN and
OB after body weight normalisation are strongly recommended. It would also be valuable
to compare NPY and PYY levels across the whole spectrum of ED, including patients with
bulimia nervosa and binge eating disorders. In OB and AN, circulating protein levels could
be decreased, which should be considered in further analysis.

5. Conclusions

The fasting serum levels of neuropeptide Y were decreased in adolescent patients
with anorexia nervosa, as well as in those with obesity. This suggests the need to look for a
common link in the mechanism of this effect, despite the opposite metabolic status in such
different groups of patients. The right direction of further research should be taking into
consideration additional confounding variables, including those related to the mental state
of the patients.

Adolescent patients with obesity, but not with anorexia nervosa or healthy patients,
had increased fasting serum concentrations of peptide YY. This is interesting, especially
since other gastrointestinal peptides are also altered in this condition and are used in the
treatment; therefore, more studies on PYY are needed.

Correlations between the centrally produced neuropeptide Y and the severity of eating
disorder symptoms require further study in this area. We suggest that psychopathological
symptoms have an influence on the neurohormones regulating metabolism. This might be
crucial for therapeutic interventions in both anorexia and obesity.
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