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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. \PA-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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PE3HOME

AxktyansHocTs. /IHoyUMpOBaHHOE Basnbnpoeson kucnoton (BK) pacctpoiicteo nuwiesoro nosegenus (P1M) senseTtcs oLHON
3 COCTABHbIX YaCTEN NaToreHe3a Takoro CEPbE3HOro 0CnoXXHeHns Tepanun BK u ee conamu, kak BK-mHayLnpoBaHHbIn me-
Tabonmyeckuint cuugpom (MetC). Okono 20% nauneHToB, nonyyarwwux BK, nmetoT yBennyeHne Beca, KOTOpoe Takxxe 06y-
C/I0BNIEHO U3MEHEHMEM NWLLEBOr0 NOBEAEHNS Y Taknx 60MbHbIX. B perynaumy nnuieBoro NoBeAeHNs y4acTBYIOT Takue Be-
LwecTBa, Kak HeiponenTug Y (anrn. neuropeptide Y, NPY), nenTuH, opekcuH 1 rpenuH. B nocnefHue rogbl 0c060e BHUMaHWe
yaensetcs NPY, NOCKONbKY OH NpeAcTaBnseT CO60M OAMH N3 CaMbiX MOLLHbIX OPEKCUTEHHbIX NENTUAOB FOSI0BHOrO MO3ra,
a YPOBEHb €r0 3KCMPECCUN HENMOCPEACTBEHHO BIMSET HA KOMNYECTBO W Ka4ecTBO NoTpebnseMon nuwn. fmnepakcnpeccus
NPY accouunposana ¢ PII, nuuiesbiM1 NpeanoyTeHUAMI, pa3sutuem oxnpenus u MetC.

Lenp: npoBecTn 0630p pPe3ynbTaToB LOKJIMHUYECKUX U KIMHUYECKNUX nccnenosaHnin ponn NPY Kak noTeHumansHoro Hys-
CTBUTENbHOMO U CNeLnpmnYecKoro cbIBOpoToO4HOro 6uomapkepa BK-PIIM, BTopuyHoro ysenuyeHns seca u passutus BK-MetC
y AeTen 1 B3POCIbIX C dNUJIencuen.

Marepunan n merogel. [IpoaHann3npPoBaHbl 0TEYECTBEHHbIE U 3apy6exKHble Ny6nukaumu, nocTynueLLmne B 6a3bl AaHHbIX elibrary,
PubMed/MEDLINE, Scopus, Google Scholar 3a nepuog 2014-2024 rr. PaccmaTpuBani NOHOTEKCTOBbIE CTaTbW HA PYCCKOM
W AHTIINACKOM A13blKax (OPUrMHaNbHble UCCNEA0BAHNA, CUCTEMATMYECKNE 0030DbI, MeTaaHanu3bl, KOKPEMHOBCKNE 0030pbI,
KnmHu4eckue cny4van). Mocne npoueaypbl otoopa n3 1105 ny6nukaumii, HangeHHbIX N0 K04YeBbIM ClI0BaM, B aHann3 soLwm 53.

Pesynbrartsl. BK-PI1 0THOCUTCA K MYNbTUAKTOPHbIM 3a60M1€BaHNAM, MPU OLEHKE pucka pasBuTnus KOTOPbIX HEO6X0AMMO
Y4UTbIBATb AAANTUBHbIA BKIAL BHELIHNX (MWLLEBOE BOCMUTAHME, NILLEBLIE NMPUBbIYKY Y NALNEHTA U YT1EHOB CEMbU) U BHYTPEH-
HUX (KJT04€Bble TOPMOHBI 1 HENPOMENTUAbI PErYNALMN anneTnTa u NULWEBbIX NPEANOYTEHNNA, 403a U SANTENIBHOCTL Npuema
BK, ckopocTb meTabonusma BK) paktopos. NPY-accounnposanHoe BK-PI1I1 BnuseT Ha nuLLeBbIe NPEANOYTEHNUS B NOMb3Y
BbICOKOKAIOPUIHbLIX MULLA U HAMUTKOB, YBEIINYEHWUSA 4aCTOTbl NMPUEMOB MULLW, NOBbILIAET PUCKWN UHCYNMHOPE3NCTEHTHOCTH,
rUNepriamKeMun Kak OfLHUX U3 OCHOBHbIX JOMeHOB naTtoreHesa MetC.

3axnroyenne. BK-PIMN TpebyeT CBOEBPEMEHHOW ANArHOCTUKM, MOCKONbKY MOXeT cTaTb npuynHoin BK-MetC. NPY sBnsetcs
BaXKHbIM 6romapkepom BK-PII, nockonbKy nccnegoBaHns NocneaHnx neT y6eamTenbHO NpoaeMOHCTPUPOBANH, 4TO 3TOT
HeWponenTua y4acTBYeT B PErynsauuu NiLLEBOro NoBeAeHNS Y 60NbHbIX 3NUNENCUeil.

KJTHO4EBbLIE CJIOBA

Heiiponentua Y, NPY, nuwiesoe noseaeHune, metabonuyeckuin cuiapom, MetC, Banbnpoesas KMcnoTta, BanbnpoaTbl, HEXe-
naTenbHas peakums, pacCTpOMCTBO NuLLEBOro nosegexus, PIIM.
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INTRODUCTION / BBEAEHHUE

“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.

anunencus n NapokcnamMasibHble COCTOSAHUS

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 / MATEPUAJT
Y METOJIbI

Search strategy / CTparerus moucka

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 / OT60Op MyOTHKAITHIT

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 / PE3YJIBTATbI
N OBCYKIEHUE

Risk factors for altering eating behavior

in epilepsy patients / ®aKTOpHI pHUCKa
H3MEHEHHA ITHILEBOIO IIOBEICHUA Y TAIIMEHTOB
C ANMICNICHEH

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

https://epilepsia.su

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 ARG, 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

Epilepsy and Paroxysmal Conditions
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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 B-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 ARG, 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

anunencus n NapokcnamMasibHble COCTOSAHUS

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 KAK BUOMAPKEP BK-PIIII

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].

https://epilepsia.su
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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 pg/ml). No correlation was

https://epilepsia.su

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 6™ and 12" 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 6™
and 12" 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 1012 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 / THATHOCTHKA
BK-PIIII

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 Checklist' 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]:

A) main feature: central (abdominal) type of obesity —
waist circumference >80 cm in women and >94 c¢cm in men;

B) additional criteria:

— arterial hypertension (blood pressure >140/90 mm Hg),

—elevated TG levels (>1,7 mmol/I),

—decrease in HDL levels (<1,0 mmol/l in men; <1,2 mmol/|
in women),

—increase in LDL levels >3,0 mmol/I,

— 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 Ill, as well as the American Heart Association and the
National Heart, Lung, and Blood Institute include [56, 571]:

—waist circumference >102 ¢cm for men, >88 c¢m for women?;

— blood pressure level >130/85 mm Hg;
— laboratory values HDL <1.04 mmol/Il, TG >1.7 mmol/l,
glucose >5.6 mmol/I.

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 / BAK/JIIOYEHHE

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.

" https://online.synchronize.ru/check-list.

2 For comparison: US Food and Drug Administration criteria: >94 cm for men, >80 cm for women.
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Table 1. Modifiable and non-modifiable risk factors for valproate-induced eating behaviour disorder (adapted with changes from [33])

Ta6mumna 1. Moguduiiupyemsle 1 HeMOAUDHIIIPYeMble (haKTOPBI PUCKA BATBIIPOAT-HHAYIIHIPOBAHHOTO PACCTPOMCTBA MTHIIEBOIO
NOBEJEHNA (AJANITHPOBAHO C UBMEHEHUAMU 13 [33])

Maodifiable risk factors / Non-modifiable risk factors /
Moauduuupyembie hakTopbl pucka Hemopuduumpyembie hakTopbl pucka

Age of onset for VPA or its compounds therapy /

Age (children and adolescents) / Bo3pacT (aeTu v nogpocTKm)
Boapact Hayana Tepanuu BK unu ee coegnHeHnamu

High-dose VPA or its compounds therapy /

. Sex (female) / Mon (KeHckun)
Bbicokas go3a npenapatos BK nnu ee coeamHeruin

Long-term VPA or its compounds therapy /

Race (ethnicity) / Paca (aTHoC
OnutenbHblii npuem BK nnu ee coeanHeHni ( ) ( )

Genetic predisposition (gene polymorphisms: NPY, GHRL, LEP, MC4R,
DRD2, DRD4, ANKK1, DAT1, SLC6A4, OPRMT1, BNDF, FTO, GR, NTRK2,

Polytherapy (simultaneous use of >2 AEDs) / COMT, ESR1, CNR1, etc.) / TeHeTu4eckas npeapacnosioKeHHoCTb

MonuTepanus (04HOBPeMeHHbIN npuem >2 M3[1) (nonumopdouamesl renos NPY, GHRL, LEP, MC4R, DRD2, DRD4, ANKK1,
DAT1, SLC6A4, OPRMT1, BNDF, FTO, GR, NTRK2, COMT, ESR1, CNR1
nap.)

In utero exposure to high cortisol levels due to maternal stress /
BHYTpnyTpo6HOE BO3AEICTBIE BEICOKOTO YPOBHA KOPTU30JS1a
B pe3ysibTaTe MaTepuHCKoro cTpecca

Polypragmasy (simultaneous use of >5 drugs) /
Monunparmasus (04HOBPEMEHHbI npuem >5 J1C)

Nutrition (frequency of meals, portion sizes, food
preferences) / [lntaHme (KpaTHOCTb NUTAHUA, 06bEM PanHee nonosoe co3pesanue / Precocious puberty
nopuui, NULLEBbIE NPEANOYTEHNS)

Low physical activity and prolonged bed rest / Retarded intellectual development, cognitive impairment, low education
Hnskas ousnyeckas akTUBHOCTb W LJINTENIbHbINA level / 3agepxKa MHTENNEKTYanbHOro0 pa3BUTUS, KOTHUTUBHbIE
NOCTENbHbIA PeXum paccTpoiiCcTBa, HU3KWIA YPOBEHb 06pa3oBaHns

Gut microbiota (dysbiosis of intestinal Personality traits of epilepsy patient (perfectionism, obsession,
microorganisms) / MukpobuoTa kuwweqHuka (Aucounos | impulsiveness) / JIM4HOCTHbIE 0COOEHHOCTU 60OJILHOr0 3nuIiencuei
KNLLEYHbIX MUKPOOPraHn3mMoB) (nepeKLMoHn3Mm, 04epPXUMOCTb, UMNYJIbCUBHOCTD)

Relationships between a patient with epilepsy and family
members (family members' opinion that a patient is
underweight, pressure from them regarding a patient's | Endocrine comorbidities (diabetes mellitus, hypothyroidism,

diet) / B3anmooTHOLWEHUA 601bHOTO 3nunencuei hyperthyroidism) / Komop6uaHble 3a605eBaHns 3HAOKPUHHOW CUCTEMBI
C YN1leHaMu CeMbW (MHEHWE YJIEHOB CEMbU O TOM, (caxapHblii gnabeT, runoTupeos, rmnepTmpeos)

YTO Yy NaUMEHTa HN3KWIA BEC, AABJIEHNE C NX CTOPOHBI
B OTHOLWIEHNM MUTAHNS NaLMeHTa)

Socioeconomic status (food insecurity leading to Mental comorbidities (compulsive-impulsive disorder, post-traumatic
overeating, family eating habits leading to overeating, stress disorder, social anxiety disorder, borderline personality disorder,
overprotectiveness by family members) / CounansHo- bipolar disorder, depressive disorder) / Komop6uHble ncuxmyeckue
9KOHOMWYECKUI CTaTyc (OTCYTCTBUE NPOLYKTOBOW paccTpoiicTBa (KOMNYNbCUBHO-MMMYbCUBHOE PACCTPOMCTRO,
6€30MacHOCTM, NPUBOASALLEE K NepeejaHunto, NPUBbIYKKA | MOCTTPaBMATU4ECKOE CTPECCOBOE PACCTPOMCTBO, COLMANBbHOE
MUTaHNS B CEMbE, NPUBOASALLNE K NepeefaHnto, TPEBOXKHOE PAcCTPOICTBO, NOrPaHNYHOE PACCTPONCTBO NYHOCTH,
runeponeka co CTOPOHbI YJIEHOB CEMbM) 6UNONAPHOE PaccTpoiCcTBO, AENPECCUBHOE PACCTPONCTBO)

Emotional abuse (experience of childhood trauma Autoimmune comorbidities (gastrointestinal tract inflammatory

and abuse) / 3moumoHanbHOe Hacunue (OnbIT aetckux | diseases) / Komop6uHble ayTOMMMYHHble 3a601eBaHNs

TPaBM 1 XXECTOKOro 06paLlieHms) (BocnanuTenbHble 3a60NeBaHNSA XKENYA0YHO-KINLLEYHOTO TPaKTa)

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

ITpumeuanue. BK — sanvnpoesas xucaoma; 11911 — npomusoanunrenmuveckuli npenapam, JIC — iexapcmeenmoe cheocmeo.
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Table 2. Diagnostic criteria for eating behaviour disorder associated with overeating [52]

Ta6auna 2. Kpurepun IUarHOCTUKHI PACCTPOMCTBA ITUIEBOTO OBEICHMUS, CBA3AHHOTO C TIEPEEIAHIEM [52]

Criteria /

. Characteristics / XapakTepuctuku
Kputepui

Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the following /
MoBTOPAOLLMECS 3NN30AbI NepeeaaHns. N304 NnepeefaHns XxapakTepuayeTcs cnefyoLmnm:

a) 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 / efia B AUCKPETHbLIN NEpuoj
BPEMEHU (Hanpumep, B Te4eHue JI060ro 2-4acoBOro Nepuoja); KOMYeCcTBO NULLM, KOTOPOE 60MbLUE, YEM
60JTbLUIMHCTBO NH0AE enn 6bl B aHANTOTMYHbIA NEPUOJ] BPEMEHU NPU aHANOMNYHbIX 06CTOATENbCTBAX;

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) / 4yBCTBO OTCYTCTBMA KOHTPONA Haj e/0/ BO Bpems anu3ona (Hanpumep,
OLLYLLEeHNe, 4TO Heb3s NepecTaTb €CTb UM KOHTPONNPOBATb, YTO UK CKOMbKO NaLMEHT eCT)

Criterion 1 /
Kputepuit 1

Binge-eating episodes are associated with three (or more) of the following / 3nuzoabl nepeeaHns cesasaHbl

C Tpems (unn 6onee) CrefyoWwnMn KpUTepusmm:

a) eating much more rapidly than normal / ynoTpe6neHue nuiiy ropasao 6bICTPee, Yem 06bI4HO;

b) eating until feeling uncomfortably full / ynotpe6siedune nuim 1o Tex nop, noka nalueHT He No4yBCTBYET Ceb1
HEKOMMOPTHO CbITbIM (NepeeaaHue);

c) eating large amounts of food when not feeling physically hungry / ynotpe6sieHue 605100 KOJIM4eCTBa NULLK,
KOrfia nauneHT He YyBCTBYET (hN3MYECKOro ronoja;

d) eating alone because of being embarrassed by how much one is eating / ynotpe6sieHne nuw B 0A1HO4ECTBE
113-3a TOT0, 4TO MALMEHTY CTHIJHO 32 TO, CKOJIbKO OH €CT;

e) feeling disgusted with oneself, depressed, or very guilty after overeating / 4yBcTBO 0TBpaLLeHus K cebe,
LEnpeccus Unu 4yBCTBO BUHbI NOCIIE NepeefaHns

Criterion 2 /
Kputepuii 2

Criterion 3/ | Marked distress regarding binge eating is present / OTme4aroTcs HeNpuUATHbIE YyBCTBA (CTbIA, FPYCTh, BUHA U T.4.),
Kputepuit 3 | cBsi3aHHble C nepeefaHnem

The binge eating occurs, on average / B cpeiHem npoucxouT nepeefadue:
a) at least 2 days a week for 6 months (DSM-4 frequency and duration criteria) / He MeHee 2 Hell B HeJlento

Criterion 4/
Kpurepuit 4 B Te4eHMe 6 Mec (KpUTepun 4acToTbl U MPOAOSKATESIBHOCTU DSM-4); o
b) at least 1 day a week for 3 months (DSM-5 frequency and duration criteria) / He MeHee 1 IHS B HELleN0 B Te4eHue
3 Mec (KpuTepum 4acToTbl U NPOA0IKNTESIbHOCT DSM-5)
The binge eating is not associated with the regular use of inappropriate compensatory behavior (e.g., purging,
Criterion 5 / fasting, excessive exercise) and does not occur exclusively during the course of anorexia nervosa or bulimia
Kputepuit 5 nervosa/ PerynsapHoe ynotpe6sieHne NuLLK He CBA3aHO C PEryNisipHbIM UCMOMb30BaHUEM HEHAJIEXKaLLEero
KOMMNEHCATOPHOr0 NoBeAeHNs (HanpumMep, YNCTKa, rofiofaHne, YpeamepHble PU3NYECKIE YNIPAXKHEHNS)
1 HE MPOMCXOANT NCKNIOYNTESTbHO BO BPEMS 3MN304a HEPBHOW AHOPEKCUN WA HEPBHO BynunMun
DSM-4 does not include a binge-eating disorder severity grading scale / DSM-4 He Bknto4aeT LLKany oueHku
TSXKECTW PacCTPONCTBA NULLEBOr0 NOBEAEHNUS.
Severity Applicable to DSM-5 only, binge-eating disorder severity is graded as follows / [pumeHnumo Tosibko kK DSM-5,
grading / TFI)Ke.CTb paCCTDO-VICTBa MULLEBOr0 NOBeAEHUS OLEHNBAETCA CeayoLwmM 06pa3om:
OueHKa — mild: 1 to 3 episodes per week / nerkoe: ot 1 40 3 aN“30408B B HELEHO;

— moderate: 4 to 7 episodes per week / ymepeHHoe: 0T 4 10 7 aNN30[0B B HELENI0;
— severe: 8 to 13 episodes per week / Taxxesnoe: o1 8 4o 13 ann3040B B HELENH);
— extreme: 14 or more episodes per week / akcTpemansHoe: 14 n 60nee anNn3040B B HEJENHO

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

ITpumeuanue. DSM (anen. Diagnostic and Statistical Manual of Mental Disorders) — /luazrnocmu4eckoe u Cmamucmu4eckoe
PYKOB0OCMBO 1O NCUXUHECKUM PACCIPOLICINEAM.
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[l starving / Hesbiocumeii ronon
. Very hungry, nausea / CunbHblI rofnof, TolWwHoTa
. Uncomfortably hungry, stomach growling /
OLyTUMBIIA FONOJ, YPYaHUe B XXMBOTE
4 Hungry / Ilerknit ronoa
. Starting to feel hungry / Hu ronogeH, Hu cbit
. Full / CbiTocTb
7 Full, pleasant, comfortable / MpuaTHOE OLLYLLEHNE CbITOCTI
Figure 1. Hunger-Satiety Scale [53, 54] . Overfull / TonHoe YyBCTBO HACbILLEHNA
PucyHok 1. [IIkaja rosoaa v HaChILEHU . Stuffed / CiT ¢ w3GeiTkom
(cerrocT) [53, 54 . Heaviness from overeating / TaxecTb 0T nepeesanns
Table 3. Intuitive Eating Chart
TaGauna 3. Tabauia HHTYUTHBHOTO T TAHS
. Color
No. / Condition / . What should be done? /
coding / Symptoms / CumnTomb!
Ne CocTtosHue Y10 penatb
Liset
Starving / Weakness, nausea, dizziness, blurred thoughts /
1 HeBbIHOCUMbI CnabocTb, TOWHOTA, FOJIOBOKPYXEHME, HEYETKOCTb U | . full
ronog MbICTE rgently organize a fu
St h oain and fati rritabilit meal / CpO4HO OpraHn3oBathb
Very hungry / omach pain and cramps, fatigue, irritability, MONHOLEHHbIA PUEM ALY
2 b nausea/ bonb 1 cna3msl B XXeNyake, ycTanocTb,
CunbHbIiA ronog,
pasapaKnTesibHOCTb, TOLWHOTA
Uncomfortably Stomach growling, bad mood, decreased
3 hungry / concentration / YpyaHue B XnBoTe, nioxoe H ligh K/Y
OwyTumbIn ronoa HaCTPOEHME, CHUXXEHWNE KOHLIEHTPALIUU BHUMAHNS aveav ight snac cTpouTte
— - - Nerkuii nepekyc
4 Hungry / Jlerkui Moderate feeling of hunger, no discomfort/ YmepeHHoe
ronoa YyBCTBO rofiofia, HeT AuckomdopTa
. No thoughts about food and unpleasant sensations, .
5 ﬁE?]rthg/t:Mfeel comfortable, clear thoughts / HeT mbicneii o eae Ctorgforte(ljble cor:jdmontfolt[lwo;k,
ary 1 HENPUATHbBIX OLLYLLEHWIA, KOMOPTHO, AICHOCTb Study and everyday activities
TOJI0[EH, HU CbIT MbICTN KomdhopTHOE cocTosiHMe Ang
— - — - paboThbl, y4ebbl 1 NOBCEAHEBHbIX
6 Satisfied / Feeling satisfied with food, no hunger / Owyuiexne nen
CbITOCTb YAOBNETBOPEHUS €01, rofiofa He 6eCnOKOUT
Full / MpustHoe A pleasant feeling of satiety, better not to eat more /
7 ollyLieHne [MpUATHOE OLLYLLEHME CITOCTU, NyYLle 60MbLLE He
CbITOCTU eCTb
X - - Not to eat more / bosibLue He eCTb
Overfull / Fullness of the stomach, satiety, slight heaviness
8 [TonHoe 4yBCTBO in the stomach / HanonHeHHOCTh XXenyaKa, CbiTOCTb,
HacblLLIEHNS Heb6OoNbLUAsA TAXKECTb B XKeNyake
9 Stuffed / CobIT Feeling of a full stomach / YyBcTBO NepenosiHEHHOTO Take a walk / MpoiTuce
C N36bITKOM xenygka
Assess what caused you to reach
. . . this state and try not to allow
Heaviness from overeating, nausea, discomfort . g
Extremely stuffed / . it to happen again / OueHuTb,
10 in the stomach / Ts)kecTb OT nepeefaHus, TOLIHOTA,
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