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SUMMARY 

Background. Eating behaviour disorder (EBD) induced by valproic acid (VPA) is one of the components of the pathogenesis 
of a serious complication of therapy with VPA and its salts such as VPA-induced metabolic syndrome (MetS). About 20% of 
patients receiving VPA have weight gain, which is also a consequence of altered eating behaviour in such patients. Substances 
such as neuropeptide Y (NPY), leptin, orexin and ghrelin are involved in the regulation of eating behaviour. NPY has received 
special attention in recent years because it is one of the most potent brain orexigenic peptides and its expression level directly 
affects the quantity and quality of food intake. NPY overexpression is associated with EBD, food preferences, obesity, and MetS.

Objective: to review preclinical and clinical studies of NPY role as a potential sensitive and specific serum biomarker of VPA-EBD, 
secondary weight gain and VPA-MetS development in children and adults with epilepsy.

Material and methods. We analyzed Russian and foreign publications submitted to eLibrary, PubMed/MEDLINE, Scopus, 
and Google Scholar databases between 2014 and 2024. The full-text articles in Russian and English (original studies, 
systematic reviews, meta-analyses, Cochrane reviews, and clinical cases) were analyzed. After the selection procedure, 53 out 
of 1105 publications retrieved by query keywords were included in the analysis.

Results. VPA-EDB refers to multifactorial diseases, requiring to take into account the additive contribution of external (food 
education, eating habits of the patient and family members) and internal (key hormones and neuropeptides regulating appetite 
and food preferences, the dose and duration of VPA intake, the metabolic rate of VPA) factors while assessing a risk of its 
development. NPY-associated VPA-EDB affects dietary preferences in favor of high-calorie food and beverages, increases the 
frequency of meals, the risks of insulin resistance, hyperglycemia as one of the major domains in MetS pathogenesis.

Conclusion. VPA-EBD requires timely diagnosis, as it can cause VPA-MetS. NPY is an important biomarker of VPA-EBD, 
because recent studies have convincingly demonstrated that this neuropeptide is involved in the regulation of eating behavior 
in patients with epilepsy.

KEYWORDS 

Neuropeptide Y, NPY, eating behaviour, metabolic syndrome, MetS, valproic acid, valproate, adverse drug reaction, eating 
behaviour disorder, EBD. 
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РЕЗЮМЕ 

Актуальность. Индуцированное вальпроевой кислотой (ВК) расстройство пищевого поведения (РПП) является одной 
из составных частей патогенеза такого серьезного осложнения терапии ВК и ее солями, как ВК-индуцированный ме-
таболический синдром (МетС). Около 20% пациентов, получающих ВК, имеют увеличение веса, которое также обу-
словлено изменением пищевого поведения у таких больных. В регуляции пищевого поведения участвуют такие ве-
щества, как нейропептид Y (англ. neuropeptide Y, NPY), лептин, орексин и грелин. В последние годы особое внимание 
уделяется NPY, поскольку он представляет собой один из самых мощных орексигенных пептидов головного мозга, 
а уровень его экспрессии непосредственно влияет на количество и качество потребляемой пищи. Гиперэкспрессия 
NPY ассоциирована с РПП, пищевыми предпочтениями, развитием ожирения и МетС.

Цель: провести обзор результатов доклинических и клинических исследований роли NPY как потенциального чув-
ствительного и специфического сывороточного биомаркера ВК-РПП, вторичного увеличения веса и развития ВК-МетС 
у детей и взрослых с эпилепсией.

Материал и методы. Проанализированы отечественные и зарубежные публикации, поступившие в базы данных eLibrary, 
PubMed/MEDLINE, Scopus, Google Scholar за период 2014–2024 гг. Рассматривали полнотекстовые статьи на русском 
и английском языках (оригинальные исследования, систематические обзоры, метаанализы, кокрейновские обзоры, 
клинические случаи). После процедуры отбора из 1105 публикаций, найденных по ключевым словам, в анализ вошли 53.

Результаты. ВК-РПП относится к мультифакторным заболеваниям, при оценке риска развития которых необходимо 
учитывать аддитивный вклад внешних (пищевое воспитание, пищевые привычки у пациента и членов семьи) и внутрен-
них (ключевые гормоны и нейропептиды регуляции аппетита и пищевых предпочтений, доза и длительность приема 
ВК, скорость метаболизма ВК) факторов. NPY-ассоциированное ВК-РПП влияет на пищевые предпочтения в пользу 
высококалорийных пищи и напитков, увеличения частоты приемов пищи, повышает риски инсулинорезистентности, 
гипергликемии как одних из основных доменов патогенеза МетС.

Заключение. ВК-РПП требует своевременной диагностики, поскольку может стать причиной ВК-МетС. NPY является 
важным биомаркером ВК-РПП, поскольку исследования последних лет убедительно продемонстрировали, что этот 
нейропептид участвует в регуляции пищевого поведения у больных эпилепсией.

КЛЮЧЕВЫЕ СЛОВА 

Нейропептид Y, NPY, пищевое поведение, метаболический синдром, МетС, вальпроевая кислота, вальпроаты, неже-
лательная реакция, расстройство пищевого поведения, РПП. 

Для цитирования 
Шнайдер Н.А., Гречкина В.В., Киссин М.Я., Дмитренко Д.В., Насырова Р.Ф. Роль нейропептида Y в развитии вальпроат-
индуцированного расстройства пищевого поведения. Эпилепсия и пароксизмальные состояния. 2024; 16 (4): 349–361 
(на англ. яз.). https://doi.org/10.17749/2077-8333/epi.par.con.2024.207. 
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INTRODUCTION / ВВЕДЕНИЕ

“Eating behaviour” – is a broad term that includes food 
choices and motivation, eating practices, diets and eating-
related problems (obesity, eating behaviour disorders (EBDs) 
and feeding disorders) [1]. Multiple genetic, physiological, 
psychological, cultural, social and situational factors influ-
ence the formation of eating behaviour [2]. 

Eating behaviour in humans is not stereotyped, deter-
mined not only by the need to compensate for acute chang-
es in energy status. It is evident that emotional [3, 4], cogni-
tive [5, 6] and cultural factors [7, 8] as well as the intake of 
some medications [9] play an important role in the initiation 
and termination of the act of eating. Although a negative en-
ergy balance is sufficient, it is not necessary to start a meal. 

The different types of eating behaviour control (homeo-
static, hedonic and cognitive) are closely intertwined in real 
life. Their separation into discrete mechanisms is mostly 
supported by theoretical arguments rather than empirical 
evidence [10]. Hunger and satiety are at the crossroads of 
this complex interplay between metabolic and non-metabolic 
factors that regulate eating behaviour in children and adults. 
The energy balance in the human body is constantly con-
trolled by the brain through a variety of endocrine and neu-
ral mechanisms that include long- and short-term signals of 
changes in energy stores  (energy “currency”). Against this 
dynamic background, which stimulates the individual to de-
cide whether to start eating or not, to stop eating or not, in-
formation from the external environment – sensory (sight, 
smell or taste of food) or social (the presence of a planned 
lunch break) – can act as triggers [10].

EBD associated with medication intake, including antiepi-
leptic drugs (AEDs), are still understudied, and the develop-
ment of abdominal (central) obesity as a key component of 
AEDs-induced metabolic syndrome (MetS) [11]. Unfortunate-
ly, most epileptologists (neurologists and psychiatrists) do 
not diagnose EBD on the background of long-term AED taking 
in children and adults with epilepsy, which leads to the loss 
of the therapeutic window when prevention of AED-induced 
MetS development is most effective. 

AEDs of different pharmacological groups may have vari-
able adverse effects on changes in eating behaviour, increase 
the risk of obesity and MetS in patients with epilepsy. AEDs 
with the highest risk of these adverse reactions include val-
proic acid (VPA) and its compounds [11, 12]. Despite the 
large number of observational studies, evidence that VPA sig-
nificantly increases the risk of VPA-induced EBD (VPA-EBD), 
obesity and MetS (VPA-MetS) [11], VPA-EBD biomarkers are 
still poorly understood. In recent years, there has been an in-
creasing interest of researchers in studying the role of brain 
neuropeptides involved in the regulation of eating behaviour 
in healthy individuals and epilepsy patients, including pa-
tients on long-term VPA treatment.

Objective: to review preclinical and clinical studies on NPY 
role as a potential sensitive and specific serum biomarker of 
VPA-EBD, secondary weight gain and VPA-MetS development 
in children and adults with epilepsy.

MATERIAL AND METHODS / МАТЕРИАЛ 
И МЕТОДЫ

Search strategy / Стратегия поиска

Full-text publications were searched in eLibrary, PubMed/
MEDLINE, Scopus, Google Scholar databases using key-
words in Russian and English: “neuropeptide Y”, “eating be-
haviour”, “eating disorder”, “metabolic syndrome”, “valproic 
acid”, “valproate”, “valproate”, “adverse reaction”, “valpro-
ate-induced adverse reactions”, ‘valproate-induced eating 
disorder’, “neuropeptide Y”, “eating behaviour”, “eating dis-
order”, “metabolic syndrome”, “valproic acid”, “valproates”, 

“adverse reaction”, “valproate-induced adverse reactions”, 
“valproate-induced eating disorder”. The search was per-
formed over a one-year period (from 10 July 2024 to 20 July 
2024).

Placebo-controlled and cross-sectional studies, case-
control studies, case-control studies, case studies, system-
atic reviews, meta-analyses and Cochrane reviews entered 
into databases from 2014 to 2024 were considered. In addi-
tion, earlier publications of historical interest are included 
in the review.

Selection of publications / Отбор публикаций

The selection was done by double independent review. Ar-
ticles in which data were not statistically significant or were 
questionable, as well as duplicate texts were excluded. A total 
of 1105 publications were retrieved using keywords, and after 
the selection procedure, 53 articles that met the purpose of 
this review were included in the analysis.

RESULTS AND DISCUSSION / РЕЗУЛЬТАТЫ 
И ОБСУЖДЕНИЕ

Risk factors for altering eating behavior 
in epilepsy patients / Факторы риска 
изменения пищевого поведения у пациентов 
с эпилепсией

Environmental risk factors

Epilepsy is not only a common socially significant neuro-
logical disease but also a social problem for children/teenag-
ers and their parents as well as adult patients. 

The eating behaviour in patients receiving VPA may be 
influenced by external risk factors such as eating patterns 
in family members. Parents of children and teenagers with 
epilepsy, as well as family members of adult patients, fear 
the unpredictability of epileptic seizures, worry about the 
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physical and mental health of their family members (bully-
ing among peers and probands), learning difficulties, reduced 
ability to self-care and independence from outside help in 
the future [13]. In addition, the eating behaviour of parents 
(family members) may contribute to the formation of eating 
habits in their children, which may also influence changes in 
body weight of the latter [13]. Parenting behaviour is a shared 
behavioural structure that defines the emotional context in 
which parents and children interact and reflects the emotion-
al climate in which children with epilepsy are brought up [14]. 
Three main methods can be used in the nutritional education 
of children and teenagers with epilepsy [15]: structure, coer-
cive control, support for autonomy. 

The structure of food education is related to rules and 
boundaries and includes eating and snacking routines, food 
availability and accessibility factors. Coercive control refers 
to methods associated with negative attitudes, including re-
straint, forced eating, threats and rewards. In contrast, sup-
porting autonomy for patients with epilepsy involves the use 
of encouragement and nutrition education methods and is 
associated with healthier food consumption [15]. 

A variety of meals at home, regular exposure of the child 
with epilepsy to new and familiar foods, verbal encourage-
ment and parental modelling of meals are successful par-
enting strategies for increasing compliance with food rules. 
However, parental methods such as controlling food intake, 
suppressing consumption, restricting foods and using re-
wards can have a negative impact on children's and teenag-
ers' eating behaviour, leading to reduced continuity of eating 
habits and aversion to foods children should eat and avoid 
eating [14]. Unfortunately, the negative additive effect of in-
adequate nutritional education of patients with childhood epi-
lepsy and EBD is rarely considered when assessing the risk of 
developing VPA-induced obesity and VPA-MetS.

Hormonal risk factors

NPY is a 36 amino acid protein that belongs to the pancre-
atic polypeptide family and is involved in a variety of physi-
ological and homeostatic processes in both the central (CNS) 
and peripheral nervous system (PNS), including the regula-
tion of cognitive and executive functions, nutritional behav-
iour and energy balance, sex hormone secretion, modulation 
of cardiovascular and neuroendocrine function, stress re-
sponse, emotional behaviour, neuronal excitability, epilepto-
genesis, and adherence to ethanol consumption [16, 17]. NPY 
was first isolated in 1982 by K. Tatemoto et al. [18] from the 
pig hypothalamus and immediately attracted the close atten-
tion of researchers from various fields of neuroscience  [19].

NPY is one of the most abundant neuropeptides in the 
CNS, where it is predominantly expressed in the cortex, hip-
pocampus, hindbrain and hypothalamus [16]. NPY mediates 
its action through neuropeptide Y receptors, mainly of the Y1, 
Y2, Y4 and Y5 types [20]. NPY receptors are widely present 

in the CNS and PNS, as well as in postganglionic sympathet-
ic fibres, adrenal glands, megakaryocytes and platelets [21]. 
Y1 and Y5 type receptors play an important role in increas-
ing appetite, while Y2 and Y4 type receptors are probably in-
volved in appetite suppression (the appearance of a feeling 
of satiety). NPY has been shown to exert its effects through 
modulation of guanidine nucleotide (G) subtype activity [22].

The NPY system involved in the regulation of eating be-
haviour is mainly located in the hypothalamus, including the 
arcuate nucleus (ARC), where NPY and agouti-related pep-
tide (AgRP) are synthesized. AgRP is involved in increasing 
appetite and reducing metabolism and energy expenditure. 
It is  synthesizes in the paraventricular nucleus (PVN), dor-
somedial nucleus (DMN) and ventromedial nucleus (VMN) in 
the prefrontal region also [16, 23]. ARC neurons direct their 
axons to the PVN as well as to the DMN and medial preop-
tic area [16]. 

The biological effects of NPY have been investigated in 
mouse models, and it has been shown to shorten the time to 
the start of the next meal. In contrast, the absence of NPY in 
NPY gene knockout mice was associated with a marked delay 
in the onset of food intake. NPY also delays the feeling of sa-
tiety, resulting in an increase in portion size, time spent eat-
ing, and meal duration. These effects of NPY were indepen-
dent of food type, as they were observed when experimental 
animals were fed both solid dry food and sweetened milk [16]. 
Also, NPY is involved in eating behaviour, including the regu-
lation of motivation to eat; this effect of NPY is comparable 
to 36–48 h fasts [16]. Intracerebral injection of NPY alters 
motivation for the quality components of the food ingested in 
addition to increasing the quantity of food consumed [16, 24]. 

The type of carbohydrate plays an important role in the 
stimulatory orexigenic effect of NPY. When experimental ani-
mals can choose between a high-carbohydrate and high-fat 
diet, they prefer the first one [16, 25]. This choice may be due 
to a change in the palatability of the food consumed due to 
the increased sweetness of sucrose or polycose diets com-
pared to corn starch. This is supported by an experiment in 
which various solutions sweetened with sucrose or saccharin 
were tested on satiated rats: NPY increased consumption of 
various sucrose solutions (2–10%) as well as the preferred 
saccharin solution [16, 26].

One important extrinsic factor affecting the level of NPY 
expression in the hypothalamus is starvation. When rats 
are deprived of food for 24–96 h, NPY expression in ARC is 
significantly increased [16]. Also, chronic fasting increas-
es NPY expression in the ARC, but additionally increases 
NPY expression in the hindbrain, which is not observed after 
a short period of fasting [27]. In parallel, an increase in NPY 
expression in the PVN after chronic fasting was observed. 
Resumption of normal feeding rapidly returns NPY levels in 
ARC to baseline values, but in PVN NPY expression remains 
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elevated even after 6 h of resumption of feeding, which may 
be due to the fact that the body weight of rats during this pe-
riod has not yet returned to normal (on average, the weight of 
an experimental animal normalizes after about 24 h) [16, 27].

Hypoglycemia is one of the factors regulating NPY expres-
sion in the CNS [28]. Glucose-sensitive neurons containing 
NPY are present in the ARC and may play an integrative role 
in the regulation of eating behaviour and energy balance [16]. 
Glucoprivation induced by injection of the metabolic blocker 
2-deoxyglucose (2DG) leads to increased appetite through 
activation of hypothalamic NPY neurons and increased NPY 
expression in the ARC and hindbrain. Moreover, appetite in-
duced by 2DG administration is reduced after administration 
of antibodies to NPY in the PVN and knockout of the NPY 
gene [16]. An important role of glucose availability in the 
regulation of NPY expression in the CNS has been confirmed 
[28]. Thus, after intravenous glucose injection, stimulation of 
food intake by NPY is less than after intravenous injection of 
physiological sodium chloride solution [16].

NPY-induced EBD also affects plasma insulin levels [29], 
which are reduced during fasting and can also be suppressed 
by the administration of streptozocin, which induces pancre-
atic β-cell death. In an animal model of diabetes mellitus, it 
has been shown that NPY sensitivity is decreased in the CNS, 
whereas NPY expression and release are increased in the hy-
pothalamus and the ARC-PVN. In addition, the number of re-
ceptors for NPY is reduced in streptozocin rats. NPY expres-
sion normalizes after insulin administration [16].

Important endogenous factors involved in NPY-induced 
EBD include glucocorticoids and leptin [30]. Leptin receptors 
are expressed in NPY neurons localized in the ARC. Leptin 
expression in adipose tissue and its plasma levels are re-
duced during fasting, resulting in upregulation of the NPY 
system with increased mRNA expression and NPY synthesis 
in the ARC, enhanced NPY release in the PVN. On the other 
hand, chronic intracerebral administration of NPY leads to an 
increase in leptin mRNA in adipocytes [16]. 

In obesity, it is very rare to find a mutation of the LEP gene 
encoding leptin or the NPY gene alone, as central obesity and 
MetS are multifactorial diseases in which the environment 
and nutritional conditions of the patient with epilepsy play 
a major role. Multiple studies have shown that central obe-
sity can be caused by eating unbalanced diets high in carbo-
hydrates and fats or high-calorie diets [16]. 

It is known, that central and peripheral regulation of body 
weight (in both children and adults) involves a variety of 
neuropeptides and cytokines, including adiponectin, leptin, 
ghrelin, visfatin, and NPY. At the same time, adiponectin and 
leptin are among potential regulators of glucose and lipid me-
tabolism, which are altered against the background of long-
term VPA therapy [31], and leptin and ghrelin can activate re-
ceptors in ARC through modulation of gamma-aminobutyric 
acid effects, which leads to EBD and disturbance of energy 

homeostasis [32, 33]. Changes in leptin levels in children 
and adults with VPA-induced weight gain have been shown 
in many studies [32, 34–36]. In most studies, this adverse re-
action was associated with increased appetite and abnormal 
thirst that was quenched by sweet or high-energy drinks, and 
several studies demonstrated that VPA-induced weight gain 
in patients with epilepsy can be reversible with behavioural 
psychotherapy without discontinuation of VPA intake [36]. 

VPA can directly inhibit the expression of the ADIPOQ 
gene encoding adiponectin of differentiated adipocytes [37], 
but clinical data on whether VPA alters the expression of this 
gene in people with epilepsy are still insufficient, although 
changes in serum levels of adiponectin and insulin resistance 
have been found in patients with bipolar affective disorder on 
the background of therapy with VPA [38, 39]. 

Visfatin is a hormone that exerts insulin-mimetic action 
and reduces blood glucose levels. In turn, hyperglycemia can 
stimulate food intake by affecting glucose-sensitive neurons 
in the medial hypothalamus and subsequently reducing the 
production of efferent inhibitor visfatin in the lateral hypo-
thalamus [40].

In addition. to these neuropeptides, candidate hormones 
associated with VPA-EBD, weight gain and VPA-MetS in-
clude ghrelin, glucagon-like peptide 1 type (GLP-1) and YY 
peptide [11]. Increased ghrelin expression is known to stimu-
late appetite and increase food intake [41]. In contrast, GLP-1 
and peptide YY suppress appetite and reduce the number of 
meals eaten [42]. However, the effect of changes in serum 
ghrelin levels in epileptic patients receiving VPA on their 
weight change has not yet been proven, and the effects of 
VPA on serum levels of GLP-1 and YY peptide continue to 
be studied [43].

VPA may also alter the microstructure of food intake (e.g., 
altering the rate of food ingestion), which affects the rate of 
production and level of expression of satiety hormones in 
the CNS. It has been shown that gastric distension can acti-
vate GLP-1 synthesis [44]. The gradual increase in portions 
in patients with VPA-EBD can be modified by inhibition of 
this peptide. Finally, long-term taking of VPA may cause the 
bodies of patients with epilepsy to lose the ability to recog-
nize the satiety signals associated with the effects of satiety 
hormones, rendering them ineffective [32]. 

NPY AS BIOMARKER OF VPA-EBD / 
NPY КАК БИОМАРКЕР ВК-РПП

VPA is a first-generation AEDs prescribed to children, 
teenagers and adults with epilepsy, although its mechanism 
of action remains poorly understood [45]. The widespread 
use of VPA and its compounds (valproates) in neurology and 
psychiatry can lead to the development of serious adverse 
reactions (especially in long-term therapy), a group of which 
includes VPA-MetS [11]. 

Да
нн
ая

 и
нт
ер
не
т-
ве
рс
ия

 с
та
ть
и 
бы

ла
 с
ка
ча
на

 с
 с
ай
та

 h
ttp

://
w

w
w

.e
pi

le
ps

ia
.s

u.
 Н
е 
пр
ед
на
зн
ач
ен
о 
дл
я 
ис
по
ль
зо
ва
ни
я 
в 
ко
м
м
ер
че
ск
их

 ц
ел
ях

. 
И
нф

ор
м
ац
ию

 о
 р
еп
ри
нт
ах

 м
ож

но
 п
ол
уч
ит
ь 
в 
ре
да
кц
ии

. Т
ел

.: 
+7

 (4
95

) 6
49

-5
4-

95
; э
л.

 п
оч
та

: i
nf

o@
irb

is
-1

.ru
. 



354

 2024 Том 16 № 4

EPILEPSY 
and paroxysmal 

conditions 

https://epilepsia.su	 Epilepsy and Paroxysmal Conditions

The mechanisms by which VPA increases body weight are 
not yet fully understood. Possible pathogenesis pathways for 
the development of VPA-induced obesity and VPA-MetS may 
include hyperglycemia, insulin resistance, and the effect of 
VPA on the balance between energy intake and energy expen-
diture. Changes in energy intake or expenditure are likely re-
lated to the effects of VPA on biological mechanisms that are 
involved in altering the metabolism of various hormones and 
neuropeptides, including NPY [43]. The ability of VPA and its 
active metabolites [45] to influence hypothalamic neurons, 
namely NPY expression, may be one of the key links in the 
pathogenesis of VPA-MetS development in general and VPA-
induced weight gain in particular, since VPA-induced NPY hy-
perexpression increases appetite and cravings for foods high 
in carbohydrates and fat in epileptic patients. 

The mechanism of action of VPA may determine changes 
in the activity of certain transcription factors that regulate 
the expression of key neuropeptides, including NPY [46]. Al-
though chronic VPA therapy did not alter the release of NPY 
in the PVN, which plays a key role in the regulation of eating 
behaviour, the expression of NPY or its receptors may be al-
tered in other hypothalamic nuclei associated with EBD, but 
this mechanism needs further investigation [47] 

In the study of C.K. Martin et al. (2008), there are reported 
an increase in hunger in patients receiving VPA, as opposed 
to a control group of naive patients, which was accompanied 
by increased cravings for high-fat foods, which contributed 
to weight gain in the VPA group [44]. Systematic review by 
M.B. Torlasco and M.A. Estrin (2023) [48] demonstrated the 
relationship between VPA therapy, increased NPY expression, 
and increased body weight.

A. Cansu et al. [49] in a study involving 18 children aged 
3.4 to 15.8 years and a group of 18 healthy children of com-
parable sex and age demonstrated that after 18 months of 
treatment, the average weight gain in the VPA group was 
2.3 kg more than in children in the control group. The blood 
levels of insulin, leptin, NPY and galanin increased statisti-
cally significantly in the VPA group, while in contrast, ghrelin 
levels decreased compared to the control group [49].

Study by K. Aydin et al. [35] included 20 patients (10 boys 
and 10 girls) with newly diagnosed epilepsy aged 4 to 
12 years. The authors measured body mass index (BMI), se-
rum levels of NPY, glucose, insulin, cortisol and leptin before 
starting VPA and 3 and 6 months after starting therapy. At 
the end of 3 months of therapy, BMI and serum levels of in-
sulin and NPY significantly increased and glucose levels de-
creased. After 6 months of VPA taking, an increase in serum 
concentrations of leptin and cortisol was observed. In addi-
tion, leptin was higher in girls than in boys, and serum glu-
cose, insulin, cortisol, and NPY levels were independent of 
the patient's' gender. Importantly, the serum VPA content in 
the observed children with epilepsy was within the reference 
therapeutic corridor (83.94±21.85 µg/ml). No correlation was 

found between blood VPA levels and BMI and serum concen-
trations of glucose, insulin, cortisol, leptin and NPY. Serum 
biomarkers of liver function in patients during VPA treatment 
were normal [35]. 

The study by H. Tokgoz et al. [50] included 20 children 
(8 girls and 12 boys), whose mean age was 8.75±1.62 years. 
The patients received VPA monotherapy, of which 10 chil-
dren had genetic focal epilepsy and 10 had genetic gener-
alized epilepsy. The authors assessed weight, height, BMI,  
serum levels of glucose, insulin, leptin, NPY, ghrelin, adipo-
nectin and cortisol before treatment and 6 and 12 months 
after treatment initiation. A significant increase in BMI and 
height at the end of the 6th and 12th months of follow-up 
was shown: BMI increased significantly at the study end-
points, with a higher BMI after 12 months of VPA mono-
therapy than after 6 months of follow-up. Serum glucose 
concentrations did not change statistically significantly, but 
insulin levels tended to steadily increase at the end of the 6th 
and 12th months. Compared to baseline, serum levels of NPY 
and leptin significantly increased on long-term VPA mono-
therapy. Cortisol content increased in the first 6 months but 
not after 12 months. However, ghrelin and adiponectin levels 
did not change statistically significantly during the entire ob-
servation period compared to baseline values. There were no 
statistically significant changes in plasma concentrations of 
classical markers of metabolic syndrome (total cholesterol, 
triglycerides (TG), low-density lipoprotein (LDL) and high-
density lipoprotein (HDL)) in any of the measurements. Also, 
there were no significant differences between the studied 
parameters in boys and girls and depending on the form of 
epilepsy [50].

In a study of the effects of VPA and topiramate (TPM) on 
insulin, leptin, NPY and ghrelin levels, 45 children with epilep-
sy were included, of whom 25 received VPA and 23 received 
TPM. Participants ranged in age from 6 to 15.5 years. The 
duration of VPA or TPM monotherapy was at least 6 months. 
The control group included 25 healthy children. Blood sam-
ples were taken in the main and control groups after fasting 
for at least 10–12 h and 1 and 2 h after a meal. Age, height, 
weight and BMI at the beginning of the study were compa-
rable in the main and control groups. Significant weight gain 
was observed throughout the treatment in the VPA group 
compared to the TPM group. High fasting serum insulin and 
post-meal insulin levels were noted in the VPA group. Leptin 
and NPY concentrations in the VPA group were also statisti-
cally significantly higher than in the TPM and control groups. 
No significant differences were found in serum ghrelin con-
tent in the main group compared to the control group [51].

In addition to investigating the role of VPA in altering NPY 
levels and increasing body weight in patients with epilepsy it 
has been shown that VPA has a clinically significant negative 
effect on the incidence of VPA-EBD and obesity, especially 
in female patients at pre-pubertal (17–19 years) and post-
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pubertal (>19 years) ages [32]. At post-pubertal age, weight 
gain between 1 and 10 kg was recorded in 57% of cases on 
VPA monotherapy compared to 25% of cases in patients re-
ceiving lamotrigine monotherapy [32]. This negative effect 
of VPA has been linked to both changes in eating behaviour 
in female patients with epilepsy and the development of in-
sulin resistance, including an increase in the HOMA-IR index 
(>2.5) at a mean of 3.2 years from the start of therapy [32]. 
Increased serum insulin concentration and increasing sever-
ity of obesity in adult patients with epilepsy were associated 
with minor changes in serum lipid profile, including VPA-
induced changes in other MetS biomarkers: decreased HDL 
levels and increased TG levels [32]. 

VPA-EBD DIAGNOSTICS / ДИАГНОСТИКА 
ВК-РПП

VPA-EBD in patients with epilepsy may be associated with 
modifiable and non-modifiable risk factors (Table 1) [33], is 
severe and often chronic, leading to the development of VPA-
MetS, especially if not properly managed. Timely identifica-
tion of VPA-EBD risk factors can help to understand patterns 
of psychosocial, biological and genetic predisposition to dis-
ordered eating in children, teenagers and adults with epilepsy, 
even in the absence of any overt weight or nutritional prob-
lems. Increasing epileptologists' awareness of VPA-EBD and 
VPA-MetS is an important way to improve the safety of AEDs 
use in epileptology.

EBD associated with overeating is characterized by recur-
rent episodes of overeating, i.e. episodes of eating behaviour 
occurring in a discrete period of time (≤2 h) and involving the 
consumption of an amount of food that is definitely greater 
than most people would consume in similar circumstanc-
es). Other key features of EBD associated with overeating 
are feelings of lack of control over eating during episodes of 
overeating, significant psychological distress (e.g., shame, 
guilt) due to overeating, and lack of recurrent maladaptive 
compensatory behaviour [52]. According to the Diagnostic 
and Statistical Manual of Mental Disorders (DSM) 4th and 
5th revisions, the diagnosis of overeating-related EBD is 
based on five criteria (Table 2). [52]. 

The 10-point Hunger and Satiety Scale [53, 54] (Fig. 1), 
the Intuitive Eating Chart (Table 3) and the Healthy Eating 
Behaviour Checklist1 can be used in the practice of an epi-
leptologist for screening and management of patients with 
VPA-EBD [53, 54]. 

The importance of early diagnosis and timely correction 
of VPA-EBD in patients with epilepsy lies in predicting and 
reducing the risk of developing VPA-MetS. Known MetS cri-
teria (according to the Expert Consensus on Interdisciplin-
ary Approach to the Management, Diagnosis and Treatment 
of Patients with Metabolic Syndrome) in adults include [55]: 

1 https://online.synchronize.ru/check-list.
2 For comparison: US Food and Drug Administration criteria: >94 cm for men, >80 cm for women.

А) main feature: central (abdominal) type of obesity – 
waist circumference >80 cm in women and >94 cm in men;

B) additional criteria:
– arterial hypertension (blood pressure  ≥140/90 mm Hg),
– elevated TG levels (≥1,7 mmol/l),
– decrease in HDL levels (<1,0 mmol/l in men; <1,2 mmol/l 

in women),
– increase in LDL levels >3,0 mmol/l,
– fasting hyperglycemia (fasting plasma glucose 

≥6,1 mmol/l),
– impaired glucose tolerance (plasma glucose 2 h after 

glucose load within ≥7,8 and  ≤11.1 mmol/l).
In turn, the MetS criteria according to Adult Treatment 

Panel III, as well as the American Heart Association and the 
National Heart, Lung, and Blood Institute include [56, 57]: 

– waist circumference >102 cm for men, >88 cm for women2; 
– blood pressure level ≥130/85 mm Hg; 
– laboratory values HDL <1.04 mmol/l, TG ≥1.7 mmol/l, 

glucose ≥5.6 mmol/l.
In Expert Consensus on a Multidisciplinary Approach to 

the Management, Diagnosis and Treatment of Patients with 
Metabolic Syndrome [55] indicated that the presence of cen-
tral obesity and two of the additional criteria (laboratory val-
ues and/or arterial hypertension) is a basis for diagnosing 
a patient with MetS. However, in the studies we analyzed, the 
authors did not take into account the criterion of abdominal 
obesity, which is the main component in the diagnosis of 
MetS in general and VPA-MetS in particular in patients with 
VPA-EBD. Instead, BMI was used, which is not included in ei-
ther the Russian or foreign MetS criteria [58]. 

CONCLUSION / ЗАКЛЮЧЕНИЕ

The presented review demonstrates that VPA-EBD in pa-
tients with epilepsy requires timely diagnosis as it may cause 
VPA-MetS. It is important to establish good eating habits in 
children, teenagers and adults with epilepsy, which may in-
crease their compliance to VPA therapy and reduce the like-
lihood of developing VPA-EBD, weight gain and VPA-MetS. 

Along with the known clinical and laboratory criteria for 
the diagnosis of VPA-EBD and VPA-MetS, NPY is an impor-
tant biomarker because studies in recent years have con-
vincingly demonstrated that this neuropeptide is involved 
in the regulation of eating behaviour in epileptic patients. In 
particular, the studies we analyzed showed a relationship be-
tween VPA monotherapy, increased serum NPY levels and 
weight gain in patients with epilepsy. Further studies on the 
relationship of NPY as a biological marker of VPA-EBD and 
VPA-induced weight gain will improve the quality of early di-
agnosis and prevention of VPA-MetS in adults and children 
with epilepsy.
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Table 1. Modifiable and non-modifiable risk factors for valproate-induced eating behaviour disorder (adapted with changes from [33])

Таблица 1. Модифицируемые и немодифицируемые факторы риска вальпроат-индуцированного расстройства пищевого 
поведения (адаптировано с изменениями из [33])

Modifiable risk factors /  

Модифицируемые факторы риска

Non-modifiable risk factors /  

Немодифицируемые факторы риска

Age of onset for VPA or its compounds therapy / 
Возраст начала терапии ВК или ее соединениями

Age (children and adolescents) / Возраст (дети и подростки)

High-dose VPA or its compounds therapy /  
Высокая доза препаратов ВК или ее соединений

Sex (female) / Пол (женский)

Long-term VPA or its compounds therapy /  
Длительный прием ВК или ее соединений

Race (ethnicity) / Раса (этнос)

Polytherapy (simultaneous use of ≥2 AEDs) / 
Политерапия (одновременный прием ≥2 ПЭП)

Genetic predisposition (gene polymorphisms: NPY, GHRL, LEP, MC4R, 
DRD2, DRD4, ANKK1, DAT1, SLC6A4, OPRM1, BNDF, FTO, GR, NTRK2, 
COMT, ESR1, CNR1, etc.) / Генетическая предрасположенность 
(полиморфизмы генов NPY, GHRL, LEP, MC4R, DRD2, DRD4, ANKK1, 
DAT1, SLC6A4, OPRM1, BNDF, FTO, GR, NTRK2, COMT, ESR1, CNR1 
и др.)

Polypragmasy (simultaneous use of ≥5 drugs) / 
Полипрагмазия (одновременный прием ≥5 ЛС)

In utero exposure to high cortisol levels due to maternal stress / 
Внутриутробное воздействие высокого уровня кортизола 
в результате материнского стресса

Nutrition (frequency of meals, portion sizes, food 
preferences) / Питание (кратность питания, объем 
порций, пищевые предпочтения)

Раннее половое созревание / Precocious puberty

Low physical activity and prolonged bed rest /  
Низкая физическая активность и длительный 
постельный режим

Retarded intellectual development, cognitive impairment, low education 
level / Задержка интеллектуального развития, когнитивные 
расстройства, низкий уровень образования

Gut microbiota (dysbiosis of intestinal 
microorganisms) / Микробиота кишечника (дисбиоз 
кишечных микроорганизмов)

Personality traits of epilepsy patient (perfectionism, obsession, 
impulsiveness) / Личностные особенности больного эпилепсией 
(перфекционизм, одержимость, импульсивность)

Relationships between a patient with epilepsy and family 
members (family members' opinion that a patient is 
underweight, pressure from them regarding a patient's 
diet) / Взаимоотношения больного эпилепсией 
с членами семьи (мнение членов семьи о том, 
что у пациента низкий вес, давление с их стороны 
в отношении питания пациента)

Endocrine comorbidities (diabetes mellitus, hypothyroidism, 
hyperthyroidism) / Коморбидные заболевания эндокринной системы 
(сахарный диабет, гипотиреоз, гипертиреоз)

Socioeconomic status (food insecurity leading to 
overeating, family eating habits leading to overeating, 
overprotectiveness by family members) / Социально-
экономический статус (отсутствие продуктовой 
безопасности, приводящее к перееданию, привычки 
питания в семье, приводящие к перееданию, 
гиперопека со стороны членов семьи)

Mental comorbidities (compulsive-impulsive disorder, post-traumatic 
stress disorder, social anxiety disorder, borderline personality disorder, 
bipolar disorder, depressive disorder) / Коморбидные психические 
расстройства (компульсивно-импульсивное расстройство, 
посттравматическое стрессовое расстройство, социальное 
тревожное расстройство, пограничное расстройство личности, 
биполярное расстройство, депрессивное расстройство)

Emotional abuse (experience of childhood trauma 
and abuse) / Эмоциональное насилие (опыт детских 
травм и жестокого обращения)

Autoimmune comorbidities (gastrointestinal tract inflammatory 
diseases) / Коморбидные аутоиммунные заболевания 
(воспалительные заболевания желудочно-кишечного тракта)

Note. VPA – valproic acid; AEDs – antiepileptic drugs.

Примечание. ВК – вальпроевая кислота; ПЭП – противоэпилептический препарат; ЛС – лекарственное средство.
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Table 2. Diagnostic criteria for eating behaviour disorder associated with overeating [52]

Таблица 2. Критерии диагностики расстройства пищевого поведения, связанного с перееданием [52]

Criteria / 

Критерий
Characteristics / Характеристики

Criterion 1  /
Критерий 1

Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the following /
Повторяющиеся эпизоды переедания. Эпизод переедания характеризуется следующим:
а) eating in a discrete period of time (e.g., within any 2-hour period), an amount of food that is definitely larger 
than most people would eat in a similar period of time under similar circumstances / еда в дискретный период 
времени (например, в течение любого 2-часового периода); количество пищи, которое больше, чем 
большинство людей ели бы в аналогичный период времени при аналогичных обстоятельствах;
b) the sense of lack of control over eating during the episode (e.g., a feeling that one cannot stop eating or control 
what or how much one is eating) / чувство отсутствия контроля над едой во время эпизода (например, 
ощущение, что нельзя перестать есть или контролировать, что или сколько пациент ест)

Criterion 2  /
Критерий 2

Binge-eating episodes are associated with three (or more) of the following / Эпизоды переедания связаны 
с тремя (или более) следующими критериями:
а) eating much more rapidly than normal / употребление пищи гораздо быстрее, чем обычно;
b) eating until feeling uncomfortably full / употребление пищи до тех пор, пока пациент не почувствует себя 
некомфортно сытым (переедание);
c) eating large amounts of food when not feeling physically hungry / употребление большого количества пищи, 
когда пациент не чувствует физического голода;
d) eating alone because of being embarrassed by how much one is eating / употребление пищи в одиночестве 
из-за того, что пациенту стыдно за то, сколько он ест;
e) feeling disgusted with oneself, depressed, or very guilty after overeating / чувство отвращения к себе, 
депрессия или чувство вины после переедания

Criterion 3 /
Критерий 3

Marked distress regarding binge eating is present / Отмечаются неприятные чувства (стыд, грусть, вина и т.д.), 
связанные с перееданием

Criterion 4 /
Критерий 4

The binge eating occurs, on average / В среднем происходит переедание:
а) at least 2 days a week for 6 months (DSM-4 frequency and duration criteria) / не менее 2 дней в неделю 
в течение 6 мес (критерии частоты и продолжительности DSM-4);
b) at least 1 day a week for 3 months (DSM-5 frequency and duration criteria) / не менее 1 дня в неделю в течение 
3 мес (критерии частоты и продолжительности DSM-5)

Criterion 5 /
Критерий 5

The binge eating is not associated with the regular use of inappropriate compensatory behavior (e.g., purging, 
fasting, excessive exercise) and does not occur exclusively during the course of anorexia nervosa or bulimia 
nervosa / Регулярное употребление пищи не связано с регулярным использованием ненадлежащего 
компенсаторного поведения (например, чистка, голодание, чрезмерные физические упражнения) 
и не происходит исключительно во время эпизода нервной анорексии или нервной булимии

Severity 
grading /
Оценка

DSM-4 does not include a binge-eating disorder severity grading scale / DSM-4 не включает Шкалу оценки 
тяжести расстройства пищевого поведения.
Applicable to DSM-5 only, binge-eating disorder severity is graded as follows / Применимо только к DSM-5, 
тяжесть расстройства пищевого поведения оценивается следующим образом:
 –  mild: 1 to 3 episodes per week / легкое: от 1 до 3 эпизодов в неделю;
 – moderate: 4 to 7 episodes per week / умеренное: от 4 до 7 эпизодов в неделю;
 – severe: 8 to 13 episodes per week / тяжелое: от 8 до 13 эпизодов в неделю;
 – extreme: 14 or more episodes per week / экстремальное: 14 и более эпизодов в неделю

Note. DSM – Diagnostic and Statistical Manual of Mental Disorders.

Примечание. DSM (англ. Diagnostic and Statistical Manual of Mental Disorders) – Диагностическое и статистическое 
руководство по психическим расстройствам.
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Table 3. Intuitive Eating Chart

Таблица 3. Таблица интуитивного питания

No. / 
№

Condition / 
Состояние

Color 
coding  / 

Цвет
Symptoms / Симптомы

What should be done? /  
Что делать

1
Starving / 
Невыносимый 
голод

Weakness, nausea, dizziness, blurred thoughts / 
Слабость, тошнота, головокружение, нечеткость 
мыслей Urgently organize a full 

meal / Срочно организовать 
полноценный прием пищи

2
Very hungry / 
Сильный голод

Stomach pain and cramps, fatigue, irritability, 
nausea / Боль и спазмы в желудке, усталость, 
раздражительность, тошнота

3
Uncomfortably 
hungry / 
Ощутимый голод

Stomach growling, bad mood, decreased 
concentration / Урчание в животе, плохое 
настроение, снижение концентрации внимания Have a light snack / Устроить 

легкий перекус
4

Hungry / Легкий 
голод

Moderate feeling of hunger, no discomfort / Умеренное 
чувство голода, нет дискомфорта

5
Starting to feel 
hungry / Ни 
голоден, ни сыт

No thoughts about food and unpleasant sensations, 
comfortable, clear thoughts / Нет мыслей о еде 
и неприятных ощущений, комфортно, ясность 
мыслей

Comfortable condition for work, 
study and everyday activities / 
Комфортное состояние для 
работы, учебы и повседневных 
дел6

Satisfied / 
Сытость

Feeling satisfied with food, no hunger / Ощущение 
удовлетворения едой, голод не беспокоит

7
Full / Приятное 
ощущение 
сытости

A pleasant feeling of satiety, better not to eat more / 
Приятное ощущение сытости, лучше больше не 
есть

Not to eat more / Больше не есть 

8
Overfull / 
Полное чувство 
насыщения

Fullness of the stomach, satiety, slight heaviness 
in the stomach / Наполненность желудка, сытость, 
небольшая тяжесть в желудке

9
Stuffed / Сыт 
с избытком

Feeling of a full stomach / Чувство переполненного 
желудка

Take a walk / Пройтись

10
Extremely stuffed / 
Объелся

Heaviness from overeating, nausea, discomfort 
in the stomach / Тяжесть от переедания, тошнота, 
дискомфорт в желудке

Assess what caused you to reach 
this state and try not to allow 
it to happen again / Оценить, 
что заставило вас дойти до 
такого состояния и постараться 
больше не допускать этого
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Starving / Невыносимый голод

Very hungry, nausea / Сильный голод, тошнота

Uncomfortably hungry, stomach growling /
Ощутимый голод, урчание в животе

Hungry / Легкий голод

Starting to feel hungry / Ни голоден, ни сыт

Full / Сытость

Full, pleasant, comfortable / Приятное ощущение сытости

Overfull / Полное чувство насыщения

Stuffed / Сыт с избытком

Heaviness from overeating / Тяжесть от переедания

1

2

3

4

5

6

7

8

9

10

Figure 1. Hunger-Satiety Scale [53, 54]

Рисунок 1. Шкала голода и насыщения 
(сытости) [53, 54]
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