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SUMMARY

Background. Despite a wide range of antiepileptic drugs (AEDs) with an improved pharmacological profile, patients often
experience a variety of side effects during long-trem anticonvulsant therapy, among which are osteoporotic disorders. Currently,
the mechanisms of AED effect on bone metabolism remain poorly understood, which creates certain difficulties in prevention
and treatment of AED-induced osteoporosis.

Objective: to study bone mineral density and laboratory parameters of bone metabolism in patients with epilepsy and long-
term AED administration.

Material and methods. A cross-sectional study included two comparison groups: 100 adult patients with epilepsy receiving
AEDs for more than 12 months and 58 healthy volunteers without taking AEDs. All participants underwent general clinical
examination, computed tomography (CT) densitometry at three time points (L1, L2 and femoral neck) and laboratory tests of
mineral metabolism.

Results. According to CT-densitometry results, a decrease in bone mineral density was detected in the majority of participants
from both study groups. While assessing an impact of osteoporosis risk factors on bone tissue in epileptic patients, low motor
activity and duration of AED therapy were the most significant, which was associated with lower bone mineral density indices.
The study of laboratory mineral metabolism indicators revealed significant inter-group differences in indicators such as ionized
calcium, 25-hydroxy-calciferol, free thyroxine and prolactin (p(U)=0.044, p(U)=0.040, p(U)=0.001, p(U)=0.003, respectively).
Conclusion. The intermediate study results showed that long-term anticonvulsant use negatively affected bone metabolism in
patients suffering from epilepsy. The data obtained point at need for further in-depth study of AED therapy effect on mineral
metabolism.
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PE3HOME

AktyansHocts. HeCMOTPS Ha LWMPOKKUIA BbIGOP NPOTUBO3NMIIENTUYECKMX npenapatos (M3M1) ¢ yny4leHHbIM (hapmakosoru-
YecKUM nNpodounem, HepeaKo Npu Ux ANUTENIbHOM NpUemMe nauneHTbl UCMbITbIBAIOT Pa3HO06pasHble N060YHbIE 3G (EKTDI,
04HUMWN N3 KOTOPbIX ABAAKOTCSH OCTEONOPOTUYECKME HapyLlweHns. MexaHnambl BAnsHMA M3 Ha KOCTHbIA MeTabonn3M B Ha-
CTOsLLEe BPeMs 0CTAOTCA HEJ0CTATOYHO N3Y4EHHbIMI, 4TO CO3/aeT ONPeeNneHHble CIIOXKHOCTI B MPOUNAKTMKE U NeYeHnr
AHTUKOHBYNbCAHT-UHAYLMPOBAHHOMO 0CTEON0P03a.

Lenb: n3y4nTb MUHEPASIbHYH NIOTHOCTb KOCTHOW TKAHM 1 NabopaToOpHbIe NapameTpbl KOCTHOro 06MeHa y 60NbHbIX 3nusen-
Cuen, ANUTenbHO npuHumarowmux Marl.

Marepunan n metogbl. [IpoBeeHO KPOCC-CEKLIMOHHOE UCCIeJ0BAHME C BKNHOYEHMEM ABYX rpynn cpaBHeHus — 100 B3pOCbIX
nauyueHToB ¢ anunencueil, nonyyatowime M3 6onee 12 mec, n 58 340poBbIX [06POBONbLLEB 6€3 Npuema 301, Bcem y4acTHM-
Kam BbIMOJTHANIN 06LLEKNNHNYECKOe 06Ce0BaHe, KOMNbIOTEPHYIO TOMOrpadunyeckyto (KT) LEHCUTOMETPMIO B TPEX TOYKAX
(L1, L2 v wenka 6eppa), nabopatopHble TECTbI MUHEPASTbHOTO 06MeHa.

Pesynbrarbl. [0 pesynbtatam KT-AEHCUTOMETPUM CHUXXEHWE MUHEPASTbHO MAOTHOCTY KOCTHON TKAHW BbISIBAIEHO Y B0JIbLLMNH-
CTBA Y4aCTHUKOB B 06emx rpynnax. Mpu oLueHKe BANSHASA PUCK-PaKTOPOB 0CTEONOP03a HAa KOCTHYH TKaHb B Fpynne 60bHbIX
anunencuein Hanbonee 3Ha4YMMbIMM ObINK HU3KAA ABUraTeNlbHAA aKTUBHOCTb W ANMTENbHOCTb [19M1-Tepanun, 4T0 CBA3AHO
¢ 6051e€ HU3KMMMN NOKA3ATENAMI MIUHEPANbHOW NIOTHOCTM KOCTHOM TKaHW. iccnenoBaHune nabopaTtopHbiX NoKa3aTenen Mmu-
HepanbHOro 06MeHa BbISIBUNO CTATUCTUYECKM 3HAYMMbIE Pa3nuynsa MeXay rpynnamMmu no Takum MHAMKATopam, Kak NOHN3U-
POBaHHbI KanbLmii, 25-rupokcukanbundepos, CBO60AHbLIA TUPOKCUH K nponakTuH (p(U)=0,044, p(U)=0,040, p(U)=0,001,
p(U)=0,003 COOTBETCTBEHHO).

3akntoyenne. NpomMeXXyTO4HbIe pe3ynbTaTbl UCCNEA0BAHNSA NPOAEMOHCTPMPOBANN, YTO ANINTENIbHOE NPUMEHEHNE aHTUKOH-
BY/IbCAHTOB 0Ka3bIBAeT HEraTUBHOE BIINAHME HA KOCTHbIA MeTabon3M y NauueHToB, cTpajarLlmx anusiencuei. Monyyex-
Hbl€ [JaHHbIe YKa3bIBAOT Ha HEOOXOANMOCTb AaNbHENLIEro Yriy6NeHHoro nayyeHns snusauus Tepanuu M3l Ha muHepans-
Hblii 0OMEH.

KJNHO4EBBIE CJIOBA

dnunencus, 0CTe0N0po3, 0CTEONEHNS, aHTUKOHBYNbCAHTbI, NPOTUBO3NMUAENTUYECKNe NpenapaTbl, M3, MuHepanbHas NnoT-
HOCTb KOCTHOW TKaHWU, MIKT, KOCTHbIA MeTab0/In3M.

Ins yutTMposanus

Cusakosa H.A., A6pamosa 11.B., TpyxuHa W.10., Peibacosa B.M., KacbsHos E.[I., Jlykuna J1.B., Muxannos B.A., Ma3o I.3. Bnus-
HUE aHTUKOHBYNIbCAHTOB HA METAB0MN3M KOCTHO TKaHW: NPOMEXYTOYHbIe Pe3ynbTaTbl KPOCC-CEKLMOHHOM0 MCCNef0BaHNS.
Snunencus n napokcudmasnbHbie coctosnns. 2024; 16 (3): 192-201. https://doi.org/10.17749/2077-8333/epi.par.con.2024.202.

INTRODUCTION / BBEAEHUE

Over the past decades, the landmark advances have been
made in epilepsy diagnostics and treatment, but patients are
forced to take antiepileptic drugs (AEDs) long-term or life-
long. Despite a wide range of anticonvulsants with improved
pharmacological profile and high safety, patients often expe-
rience a variety of adverse effects during treatment. Recent
studies suggest that a negative effect of AED therapy may be
manifested by pathological osteoresorption, when bones lose
density and are prone to fractures [1, 2].

The prevalence of pathological fractures among epilep-
sy patients is 2—6 times higher than in general population,
which risk elevates with increasing duration of anticonvul-
sant therapy [3]. At present, the mechanisms of AED effect
on bone metabolism remain poorly studied that creates cer-
tain difficulties in prevention and treatment of anticonvul-
sant-induced osteoporosis. A decline in bone mineral density
(BMD), development of osteoporotic disorders and, conse-
quently, frequent fractures in epilepsy patients is a pressing
and understudied issue.

Within the framework of the research project “An impact
of anticonvulsants on developing osteoporosis in epilepsy

anunencus n NapokcnamMasbHble COCTOSAHUSA

patients”, conducted at Bekhterev National Medical Research
Center for Psychiatry and Neurology (Bekhterev NMRC PN),
the pilot data were obtained while assessing a cohort of
37 patients with epilepsy. The data showed that long-term
anticonvulsant use tended to reduce BMD level and that mul-
tiple exogenous and endogenous cues such as such as alco-
hol, smoking, previous fractures, physical activity, gender,
age might influence mineral metabolism [4, 5]. Altogether, it
corroborates a need to comprehensively assess mineral me-
tabolism and BMD in patients with epilepsy as well as com-
paratively analyze with those in control group (somatically
healthy participants not taking anticonvulsants).

Late diagnostics of osteoporosis results in deteriorated
quality of patients’ life, unfavorable prognosis, increased
disability rate and medical costs. Studies aimed at study-
ing AED effect on BMD and bone metabolism are of great
importance because they allow to gain deeper insights into
mechanisms underlying development of patient osteoporotic
disorders and design monitoring and treatment strategies to
minimize their impact.

Objective: to assess BMD and laboratory bone metabo-
lism parameters in epilepsy patients after long-term AED
administration.

https://epilepsia.su
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MATERIAL AND METHODS / MATEPHAJT
Y METOJIbI

A cross-sectional study with two comparison groups was
conducted: main group of adult epilepsy patients (EPs) re-
ceiving AEDs for more than 12 months, and control group
of apparently healthy participants (HPs) not receiving AEDs.
Patients with epilepsy underwent inpatient and outpatient
treatment at the Department of Treatment of Exogenous Or-
ganic Disorders and Epilepsy at Bekhterev National Medical
Research Center for Psychiatry and Neurology.

Inclusion, non-inclusion and exclusion criteria /
Kpurepuu BKIIOYECHU S, HEBKIIOUCHHSA U
HCK/IIOYECHH A

Inclusion criteria

Main group:

—aged 21 to 60 years inclusive;

—verified epilepsy diagnosis;

— at least 12 month-long epilepsy and AED administration;

— ability to read, understand and sign informed consent to
participate in the study.

Control group:

—aged 21 to 60 years inclusive;

—no AED administration;

— ability to read, understand and sign informed consent to
participate in the study.

Non-inclusion criteria

For all study groups:

—aged 21 to 60 years;

— patient or legal representative / healthy subject refusal
to participate in the study;

— positive pregnancy test;

— clinically significant decompensated somatic or mental
diseases;

— drug administration affecting BMD (glucocorticoste-
roids, antidepressants, thyroid hormones, lithium prepara-
tions, neuroleptics, high heparin dose preparations, proton
pump inhibitors, etc.);

— severe cognitive impairment manifested by participant's
inability to read and understand informed consent to partici-
pate in the study.

Exclusion criteria

For all study groups:

— refusal to comply with study protocol, or patient with-
drawal of consent;

— positive pregnancy test;

— onset of treatment by antidepressants, antipsychotics,
corticosteroids, heparin preparations, hormone replacement
therapy for medical reasons;

— decompensated somatic and/or mental diseases inter-
fering with participation in the study.

General characteristics of study groups / O6uas
XaPAKTEPUCTHKA UCCIELYEeMbIX I'PYILIT

Main group (EPs) consisted of 100 adult patients (median
age 36 (29-43) years), including 53 (53%) females and 47

https://epilepsia.su

(47%) males; verified epilepsy in all patients with an average
disease duration of 10 (4-17) years. Control group (HPSs) in-
cluded 58 subjects (median age 29 (25-43) years), including
42 (72%) females and 16 (27.6%) males.

Age and gender participant distribution shows that main
group (EPs) is characterized by an older mean age and
a more equal female/male ratio compared to control group
(HPs), with higher female/male ratio and lower median age.
Such differences may be important while analyzing and in-
terpreting study data.

AED-generation allowed to stratify patients from main
group into two subgroups: AC1 - traditional anticonvulsants
(carbamazepine, valproic acid, benzobarbital, oxcarbazepine,
phenobarbital) and AG2 — next-latest generation anticonvul-
sants (levetiracetam, lacosamide, lamotrigine). Subgroup
AC1 consisted of 40 patients including 21 (52.5%) males and
19 (47.5%) females, median age 36 (32—39) years. Subgroup
AC2 consisted of 60 subjects including 26 (43.3%) males and
34 (56.7%) females, median age 37 (34-42) years.

Examination methods / MeToabl 00C/I€I0BAHMA

All participants underwent a clinical examination, includ-
ing a detailed medical history collection and assessment of
osteoporosis risk factors, laboratory testing for trace ele-
ments and bone metabolism hormones as well as BMD ra-
diological examination by using quantitative computed to-
mography (CT densitometry).

To assess BMD, X-ray computer osteodensitometry was
performed using a multidetector computed tomograph Aquil-
ion One 640 (Canon, Japan) at three points: lumbar vertebrae
L1, L2 and femoral neck. The data analysis was performed
using densitometric T- and Z-criteria.

In laboratory tests, the following mineral metabolism pa-
rameters were analyzed: thyroid-stimulating hormone, total
triiodothyronine, free triiodothyronine, total thyroxine, free
thyroxine, prolactin (enzyme-linked immunosorbent assay
(ELISA), Vector-best-Baltika (Russia)), parathyroid hormone,
25-hydroxycalciferol (ELISA, DRG International (USA)), N-o0s-
teocalcin (ELISA; immunodiagnostic Systems (UK)), alkaline
phosphatase, total calcium, phosphorus (spectrophotometry;
Randox Laboratories Ltd (UK)), ionized calcium (ion-selec-
tive potentiometry; Roche (Switzerland)).

All participants were assessed for physical activity (PA)
level using the Physical Activity Questionnaire (PAQ 23+) [6].

Statistical analysis / CTaTHCTHYECKHUIT AHATH3

Data statistical analysis was performed using Stattech
software version 3.1.10 (Stattech LLC, Russia). Quantitative
indicators were assessed for normal distribution by using
Shapiro-Wilk test. Quantitative indicators with normal distri-
bution were presented as arithmetic mean (M) and standard
deviation (SD), 95% confidence interval (95% Cl) boundar-
ies. In case of non-normal distribution, quantitative data were
presented as median (Me) together with the lower and upper
quartiles (Q25; Q75). Categorical data were presented as ab-
solute value and percentage. Student's t-test and Mann-Whit-
ney U-test as well as Kruskal-Wallis and Pearson's y? tests
were used for group comparison. Correlation was assessed by
using Spearman's rank correlation coefficient and Chaddock

Epilepsy and Paroxysmal Conditions
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scale. Linear regression was applied to analyze a diagnostic
significance of quantitative traits for specific outcome predic-
tion. Differences were considered significant at p<0.05 level.

RESULTS AND DISCUSSION / PE3YJIBTATDbI
N OBbCYKJIEHUE

An impact of osteoporosis risk factors on bone
mineral density / Biusaue puck-¢paxroposn
ocreonopo3a Ha MIIKT

Smoking and alcohol consumption

In long-term AED administration group, 35 (35%) pa-
tients regularly used tobacco, including electronic cigarettes
and tobacco heating systems, whereas in control group —
16 (27.6%) participants. Comparative analysis of tobacco
smoking effect on BMD revealed no significant changes in
CT bone density indices in smoking and nonsmoking partic-
ipants between main and control groups (p(x?)=0.554 and
p(x?)=0.141, respectively) (Table 1).

To assess an effect of alcohol consumption on CT densi-
tometry parameters, subgroups were stratified based on de-
gree of BMD CT changes, with analyzing frequency of alco-
hol consumption in each subgroup. It should be noted that
patients receiving AED therapy were aware that the underly-
ing disease and anticonvulsant therapy imply complete ab-
stinence from alcohol, however, in each subgroup there were
respondents who admitted to drinking alcohol.

In normal BMD subgroup, 36 (67.9%) participants had
never alcohol consumption, 6 (11.3%) subjects drink alcohol
up to 3 times a week, and 11 (20.8%) subjects — more than
3 times a week. In osteoporosis BMD subgroup, 26 (81.2%)
patients do not drink alcohol, 1 (3.1%) subject drinks alco-
hol up to 3 times a week, and 5 (15.6%) — drink more than
3 times a week. In CT-based osteoporosis group, 12 (80%)
subjects do not drink alcohol, and 3 (20%) drink alcohol
more than 3 times a week. According to the data obtained,
no significant effect of frequency of alcohol consumption on
BMD changes was found in main group (p(y?)=0.406). As-
sessing an effect of alcohol consumption on BMD in control
group also showed no significant decline in CT bone density
indices due to increased frequency of alcohol consumption
(p(x?)=0.003) (see Table 1).

The data obtained are not in line with those reported by
A. Vergatti et al. showing that a non-smoker subgroup had low-
er prevalence of radiographic osteoporosis and hypovitamino-
sis D signs compared to active and passive smokers (p<0.05)
[7]. Also, a meta-analysis conducted by Z. Cheraghi et al. found
that individuals who consume 0.5-1 drink per day had the risk
of developing osteoporosis by 1.38-fold higher compared to
those who do not consume alcohol [8]. Nonetheless, the study
by D.R. Baddoo et al. with 835 epileptic patients and long-term
anticonvulsant use revealed no significant effect of smoking
and alcohol on BMD: p(x?)=0.83, p(x?)=0.76, respectively [9].
The contradictory results obtained in various studies point at
ato conduct further detailed investigation assessing an effect
of smoking and alcohol consumption on BMD level related to
long-term AED therapy as well as in healthy volunteers.

anunencus n NapokcnamMasbHble COCTOSAHUSA

Physical activity

PA assessment using PAQ 23+ found out that patients
with low and very low PA levels have a more significant de-
cline in BMD compared to those who adhere to a more active
lifestyle. Of the 11 patients with very low PA, 10 (91%) had
BMD changed to osteopenia and osteoporosis level. Among
36 patients with high PA levels, only 8 subjects (22%) had
lowered BMD level. Significant differences were found (high
vs. low PA subgroups, p(x?)<0.001, p=0.017; high vs. very
low PA subgroups, p=0.002), suggesting about a significant
relation between PA level and BMD change magnitude (see
Table 1).

The data obtained are probably related to the prevalence of
high PA in control group comprising 66 (54-78) points cor-
responding to high PAQ 23+ score. According to the 2016 re-
port of the International League Against Epilepsy (ILAE) Task
Force on Sports and Epilepsy, patients with seizures are of-
ten discouraged from engaging in active sports due to fear,
overprotection, or lack of awareness [10]. However, physical
activity and sports contribute to improved patients’ gener-
al condition including higher self-esteem, socialization and
improved health long term [10, 11]. A study assessing BMD
in 500 women over 40 years of age also showed high odds
of normal bone density with moderate (p=0.053) and high
(p<0.001) PA level [12]. Hence, patients with PA level below
moderate are more susceptible to decreased BMD than pa-
tients with high PA level seemingly because mechanical ef-
fects such as of muscle contractions and body gravity on
bones and joint tissues lead to activation of osteocytes pro-
ducing signaling molecules, which stimulate osteoblast dif-
ferentiation [13, 14].

CT densitometry / KT-geHCHTOMETpHIECKOE
00c/IemOBaHHE

General group-specific BMD characteristics

BMD level assessed by CT densitometry showed that it
was decreased in 47 (47%) patients including 32 (32%) par-
ticipants with CT osteopenia signs, 15 (15%) — CT osteopo-
rosis signs. In control group, BMD changes were detected in
29 participants (50%), of which CT osteopenia and osteopo-
rosis signs were noted in 21 (36.2%) and 8 (13.8%) subjects,
respectively.

A comparatively analyzed frequency of BMD CT changes
in both groups found no significant differences (p(x?)=0.863).
The study by V. Chandrasekaran et al. involved 926 males and
1070 females, of whom 1.8% and 1.9%, respectively, used
anticonvulsants and showed lower BMD after AED adminis-
tration [2]. In our work, no significant inter-group differences
in BMD indices were found, which potentially requires to con-
duct larger-scale study with risk factor adjustment.

Duration of AED administration and impact on BMD level
BMD level change was assessed in connection with dura-
tion of AED administration in main group. It was shown that
patients with normal BMD level, average anticonvulsant use
was 4 years, whereas those with BMD decreased to osteo-
penia and osteoporosis level — 15 and 10 years, respectively
(Fig. 1). BMD significantly decreased to osteopenia and os-
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Table 1. Comparatively analyzed effect of osteoporosis risk factors (smoking, alcohol consumption, motor activity) on bone mineral
density (BMD) changes in epilepsy patients (EPs) and healthy participants (HPs)

Ta6mumna 1. CpaBHUTEIBHBIIN aHAIN3 BIUAHNSA PUCK-(DAKTOPOB OCTEONOPO32 (TAGAKOKYPEHNUE, YIOTPEOIEHHE ATTKOTOIA,
JBUTATEIbHAS AKTUBHOCTD) HA U3MEHEHUSA MUHEPAJIBHON IJIOTHOCTH KOCTHOM TKaHU (MITKT) B rpynmax 60IbHBIX SMUIECTICUEN
(B3) 1 310pOBBIX FOOPOBOJLIEB (3/])

BMD, n (%) / MINKT, n (%)
Group / pynna Category / Kateropus Normal range / Osteopenia / Osteoporosis / P ()
Hopma OcTeonexus OcTteonopo3
Smoking / Tabakokyperne

EPs /B3 Yes / Kyput 21 (60,0) 9 (25,7) 5(14,3) 0,554
No / He kyput 32 (49,2) 23 (35,4) 10 (15,4)

HPs /301 Yes / Kyput 5(31,2) 7 (43,8) 4 (25,0) 0141
No / He kyput 24 (571) 14 (33,3) 4(9,5)

Alcohol consumption / Ynotpebnenne ankorons

No / He ynotpebnset 36 (67,9) 26 (81,2) 12 (80)

EPs /B3 <3 times a week / <3 pas B HefJes0 6 (11,3) 1(3,1) 0(0,0) 0,406
>3 times a week / >3 pas B Hefiefi0 11 (20,8) 5 (15,6) 3(20,0)
No / He ynotpebnset 24 (82,0) 9 (42,9) 1(12,5)

HPs/3[ <3 times a week / <3 pas B HeJeno 1(3,4) 3(14,3) 2 (25,0) 0,003*
>3 times a week / >3 pas B Hefiefi0 4 (13,8) 9 (42,9) 5(62,5)

Motor activity level / YpoBeHb fBUratenbHo# akTHBHOCTH

Very high / O4eHb BbICOKaA 3 (100,0) 0(0,0) 0(0,0)
High / Bbicokasi 28 (77,8) 5(13,9) 3(8,3)

EPs /B3 Moderate / YmepeHHas 20 (47,6) 18 (42,9) 4(9,5) <0,001**
Low / Hn3kas 1(12,5) 4 (50,0) 3 (37,5)
Very low / O4eHb HU3Kas 1(9,1) 5 (45,5) 5 (45,5)
Very high / O4eHb BbICOKas 2 (100,0) 0(0,0) 0(0,0)
High / Bbicokas 19 (54,3) 13 (37,1) 3(8,6)

HPs /3] Moderate / YmepeHHas 8 (40,0) 8 (40,0) 4 (20,0) 0,120
Low / Huzkas 0(0,0) 0(0,0) 1(100,0)
Very low / O4eHb HU3Kas 0(0,0) 0(0,0) 0(0,0

Note. Significant differences (p<0.05) are highlighted in bold.* p(*)=0.026 while comparing normal and osteopenia subgroups;
DPOA)=0.002 while comparing normal and osteoporosis subgroups. ** p(x*)=0.017 while comparing bhigh and low physical activity
subgroups; p(’)=0.002 while comparing bigh and very low physical activity subgroups.

Hpumeuanue. [1onyHcupHolm PUPIMOM 8bL0€ACHBL CMAMUCIIUYECKU 3HavUMble pasaunus (P<0,05)." p(x)=0,026 npu cpasreriiiu
noozpynn wopmoL u ocmeoneruu; p(y°)=0,002 npu cpasren nooepynn Hopmul u ocmeonoposa. ** p(x*)=0,017 npu cpasHeru
1n002Pynn 61COKOIL U HU3KOLL 06u2amenvrotl axmuerocmu; p(x°)=0,002 npu cpasrem noopynn 6b.COKOL 1 O4eHb HU3KOL
08U2AMENBHOLL AKMUBHOCIIL.

teoporosis level was found in patients during longer-term
AEDs therapy (p(H)<0.001).

A correlation analysis was performed to assess a relation
between decreased BMD level and AED therapy duration. Ac-
cording to the Chaddock scale, a significant inverse correla-
tion (p=—0.626, p<0.001) was found between decreased den-
sitometric index “L1/L2 Z-score” and anticonvulsant therapy
duration (Fig. 2). Moreover, it also showed that AED therapy
duration increased by 1 point corresponds to the expected
decline in the “Z-score” by 0.196. The data obtained evi-
dence about high risk of BMD decline with longer anticon-
vulsant therapy.

rosis and osteopenia level, respectively whereas in AC2 sub-
group, 8 (13.6%) subjects — to osteoporosis and osteopenia
level, respectively. While analyzing a relation between BMD
decrease level and AED generation use, no significant dif-
ferences were found (p(x?)=0.863). The data obtained may
evidence about a negative effect of anticonvulsants of dif-
ferent generations on bone metabolism. Perhaps, additional
larger-scale studies and a long-term follow-up period may
allow a better understanding of how AED therapy affects
bone condition.

Laboratory examination /JIaGopaTropHoe
HCCJIeIOBAHUE

A comparative analysis of laboratory parameters af-
fecting mineral metabolism was conducted in both study
groups.

AED generation influence on BMD level

CT densitometry data showed that in AC1 subgroup, 6
(15%) and 15 (37%) patients had BMD lowered to osteopo-
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When comparing the average ionized calcium, free thy-
roxine and prolactin level, significant differences were found
between main and control group (p(U)=0.044, p(U)=0.001,
p(U)=0.003, respectively), which may point at dominance
osteoresorption over osteogenesis in main group. Signifi-
cant inter-group differences in vitamin D levels (p(U)=0.040)
were also found.

The study data agree with numerous studies showing that
induction of liver cytochrome P450 system (CYP450) accel-
erates vitamin D catabolism into its polar inactive metabo-
lites as well as weakens its biologically active counterparts
[15, 16]. It accounts for anticonvulsant effect as liver cyto-
chrome P450 inducers on bone metabolism. However, the
mechanisms of action of the latter and AED impact are un-
derstudied [16].

Other laboratory parameters showed no significant inter-
group differences (Table 2).

In main and control group, median prolactin level was 278
(179-460) mg/ml and 454 (273-596) mg/ml, respectively.
Increased blood prolactin in patients with epilepsy may be re-
lated to both epileptic seizures per se and anticonvulsant use
[11, 17, 18]. The mechanism by which epileptic seizures con-
tribute to hyperprolactinemia is not fully understood. How-
ever, it is believed that it is associated with hypothalam-
ic-pituitary-adrenal axis activation subsequently leading to
increased blood prolactin levels [11, 18]. The results of rat
study by Y. Panahi et al. show that after 10 week-long chron-
ic seizures, higher blood serum prolactin level is observed
[19]. M.F. Wang investigated 110 patients with epilepsy and
found that post- vs. pre-seizure prolactin level in the blood
serum was significantly increased and reached a level more
than 5 times exceeding the baseline level in 59 patients [20].

The lowered blood free thyroxine level after long-term AED
administration we showed here is in line with meta-analysis
data reported by Y.X. Zhang et al. analyzing 35 studies and
a total of 997 patients. This analysis showed that the use
of traditional anticonvulsants (carbamazepine and valproic
acid) results in significantly decreased serum levels of tri-
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iodothyronine, thyroxine and increase in thyroid-stimulating
hormone level [21].

While assessing laboratory parameters affecting bone
metabolism in connection with AED generation, significant
difference in prolactin levels was found. The average pro-
lactin concentration of significantly higher among patients
taking traditional anticonvulsants (AG1 — 478 (282-630)
mg/ml, AC2 — 445 (266-544) mg/ml, p(H)=0.01)). In the
work by W.S. Mohamed et al. with 50 epilepsy males, pro-
lactin level was also significantly increased in group of pa-
tients taking valproic acid vs. levetiracetam [22]. Valproate-
induced hyperprolactinemia results from altered regulation
of GABA'-ergic, noradrenergic, and serotonergic neurons,
which in turn modulate dopamine release [23].

25 1

20 -
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AED therapy length, years /
InutenbHoctb npuema N3M, net

Computed tomography-based BMD changes /

W3menenus MIMKT no gaHHbIM KOMNbIOTEPHON TOMOrpatuu
B3 Normal range / Hopma
B3 Osteopenia / Octeonexus
B3 Osteoporosis / OcTeonopo3

Figure 1. Analysed bone mineral density (BMD) changes
depending on antiepileptic drug (AED) therapy length

Pucynoxk 1. AHaIM3 U3MEHEHNUI MUHEPAIBHON TNIOTHOCTH
kocTHOH TKanu (MITKT) B 3aBUCUMOCTH OT AJIUTEIBHOCTU
IpyeMa MPOTUBOANMMIETITUYECKUX npenaparos (I1OIT)

15

AED therapy length, years / inutenbHoctb npuema M3l, net

Figure 2. Regression graph showing a relation between bone mineral density (Z-criterion) on the duration of antiepileptic drug

(AED) administration in epileptic patients

PucyHOK 2. I'pauk perpeccuu, NOKa3bIBAIOMINI 3aBUCUMOCTD IIOKA3ATEIS «MUHEPAIBbHAS IVIOTHOCTb KOCTHOU TKAHW»
(Z-kpuTepHun) OT JVINTEIbHOCTH IPUEMA IIPOTUBOIMMIIENITHYECKUX ITpenapaTos (TIOIT) B rpyIie 6G0IbHBIX SMUJIEICUEH

anunencus n NapokcnamMasbHble COCTOSAHUSA

" GABA — gamma aminobutyric acid.
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The data obtained may shed light on a trajectory of fur-
ther studies analyzing an effect of different AED genera-
tions on blood prolactin level in patients with epilepsy and
impaired BMD. According to the meta-analysis reported
by Y.X. Zhang et al., a significantly decreased blood free
thyroxine level was found in patients taking carbamaze-
pine, phenytoin and valproic acid included in group of tra-
ditional anticonvulsants compared with group of patients
taking next-generation AEDs [21]. In the work by FY. Shih
et al. assessing 298 patients with epilepsy and no former
thyroid pathologies, it was concluded that carbamazepine
use is an independent risk factor for decreased free thy-
roxine level in the blood [24]. In our study, thyroxine level
was also significantly reduced in patients taking both tra-

'>))>-\A

)

W

s ARNIVERSARY

AN

ditional and new-generation AEDs compared to control
group (p(H)=0.018 while comparing control vs. old-gen-
eration AED subgroup, main group; p(H)=0.018 upon com-
parison between control group and new-generation AED
subgroup, main group.

The laboratory data confirm that one of the mechanisms
whereby anticonvulsants may target bone metabolism relies
on their impact on hormonal metabolism. Moreover, such
observations may evidence about distinct mechanisms re-
lated to AED of different generations on on mineral metabo-
lism pointing at a need for conducting a more comprehensive
study. Obviously, a correction of BMD indices upon adminis-
tration of AEDs of different generations should be based on
their molecular impact.

Table 2. Comparison of “micronutrients” and “hormones” laboratory parameters in epilepsy patients (EPs) and healthy participants (HPs)

JITH . BHEHUE JI2 : HBIX IT ATEJICH «<MU JIEMEHTBI» U «I'OPMOHBI» B I'PYIIIAX 37I0POBBIX JIOOPOBOJIBIICH
Tab a 2. CpaBHeHME 1260paATO oKazareJsie KPO3JIEMEHT TOPMO r aX 3710pO 00OPOBOJBIIEB (3

1 60mpHBIX mriericrett (BD)

Indicator / lNokasatenb Group / I'pynna n Me [025; Q75] p*

lonized calcium, mmol/l // VioH131poBaHHblit EPs /B3 100 1,21 [1,19;1,25] 0.044

Kanbuyit, MMONIb/1 HPs /311 58 1,23 [1,21; 1,26] ’
EPs /b3 100 20,229 [10,395; 28,495]

Vitamin D, ng/ml // Butamun D, Hr/mn 0,040
HPs /3[] 58 21,933 [16,826; 29,375]

) EPs /b3 100 2,48 [2,36; 2,58]

Total calcium, mmol/l // 06Lnin KanbLuii, MMONb/N 0,612
HPs /3[] 58 2,49 [2,42; 2,56]
EPs /b3 100 1,07 [0,98; 1,19]

Phosphorus, mmol/l // ®ocdop, Mmonb/n 0,287
HPs /3[] 58 1,02 [0,93; 1,16]

Free triiodothyronine, nmol/I // Tpuito ATUPOHIH EPs /B3 100 5,508 [5,002; 6,506] 0.853

CBOGOAHbIN, HMONb/N HPs /31 58 5,913 [5,141; 6,285] ’

Total triiodothyronine, pmol/I // TpuitoaTUPOHMH EPs /B3 100 1,656 [1,279; 1,869] 0078

0O6LMIA, MOTTB/T HPs /3] 58 1,731 [1,582; 1,899] '

Total thyroxine, pmol/| // THpoKcuH 06LLMiA, EPs /B3 100 86,500 [69,609; 113,181] 0.665

nMonb/n HPs /3[] 58 87,491 [78,704; 98,260] ’

Free thyroxine, nmol/l // TADOKCUH CBOBOAHI, EPs /b3 100 15,331 [14,114; 17,028] 0.001

HMOSb/N HPs /3[] 58 16,564 [15,514: 18,127] ’

Thyroid stimulating hormone, mIU/1 // EPs /B3 100 1,866 [1,268; 2,851] 0.903

TupeotponHbin ropmoH, MME/n HPs /3[1 58 1,841 [1,217; 3,125] ’

Alkaline phosphatase, U/I // LLlenoyHas EPs /b3 100 174 [139; 226] 0.898

docdarasa, EA/n HPs /3[1 58 169 [144; 226] ’

Parathyroid hormone, pmol/I // TlapaTupeouHblit EPs /B3 100 49,178 [39,306; 65,130] 0,385

FOPMOH, IMONIL/N HPs /3[0 58 50,763 [41,861; 67,659] ,
EPs /b3 100 11,179 [8,573; 16,937]

N-osteocalcin, ng/ml // N-ocTeokanbUuH, Hr/Mi 0,967
HPs /3[0 58 11,596 [9,303; 15,274]

_ EPs /B3 100 454 [273; 596]

Prolactin, mlU/ml // Niponaktux, MME/mn 0,003

HPs /3[] 58 278 [179; 460]

Note. * Mann—Whitney U test. Significant differences (p<0.05) are bighlighted in bold.

IIpumeunanue. " U-xpumepuii Marna—Yummu. [IOLYHCUPHOIM UPUDIMOM BbLOEIEHbL CIMAmucmu1ecku snadumoie paaudus (p<0,05).
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Research perspective / IlepcrieKTuBa
HCCETOBAHUSA

Here, we present interim data obtained within the research
project “An impact of anticonvulsants on developing osteo-
porosis in epilepsy patients” 2022—-2024). The recruitment
of study participants including gender- and age-matched
groups 200 epilepsy patients and 100 healthy volunteers is
currently being completed.

Resulting from a comprehensive study of patients with ep-
ilepsy during long-term anticonvulsant administration, there
will be obtained data reflecting a skeletal system state in
study participants as well as radiological, endocrinological
and metabolic parameters, lifestyle preferences associated

with osteoporosis risk. Obtaining endpoint data may allow to
create a model for assessing osteoporosis risks in patients
during long-term AED therapy.

CONCLUSION / 3AK/TIOYEHHE

The interim study results showed that long-term anticonvul-
sant use negatively affects mineral metabolism in patients with
epilepsy. Thus, our work underlines an importance of BMD and
bone metabolism marker monitoring during AED administra-
tion as well as a need to develop individualized approaches to
prevent and treat anticonvulsant-induced osteoporosis. In ad-
dition, in-depth multicenter longitudinal studies are required to
reveal more precise mechanisms of AED action on bone tissue.
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