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Abstract

Objective: Dravet syndrome (DS) places tremendous burden on caregivers owing
to the extent of required assistance and impact on daily living, as well as the
risk to the individual with DS of premature mortality from sudden unexpected
death in epilepsy and morbidity associated with nonseizure manifestations. This
systematic literature review provides an up-to-date characterization of the mental
health impacts experienced by caregivers of people with DS.

Methods: Databases (1974 to August 29, 2024 in Embase; 1946 to August 29,
2024 in MEDLINE) were searched for records containing keywords relevant to
mental health in caregivers of people with DS. The study population comprised
caregivers of people with DS with any or no intervention and/or comparator
(and excluding pharmacologic interventions affecting caregiver burden-related
outcomes) and with mental health outcomes that included depression, anxiety,
fatigue, sleep quality, stress, mood, and quality of life scales.

Results: Database searches returned 519 records; 20 published articles were
included. Most common were cross-sectional studies, with populations from Asia,
Australia, Central/South America, Europe, and North America. Study sample
sizes ranged from seven to 256 caregivers of people with DS; most caregivers were
female. Depression and anxiety were reported in 11 and 10 articles, respectively;
the prevalence of depression and anxiety among caregivers ranged 5%-66% and
5.2%-80%, respectively. Some studies used instruments to assess mental health
outcomes; Beck Depression Inventory-II for depressive symptoms and the
Hospital Anxiety and Depression Scale for symptoms of anxiety and depression
were reported in three and two articles, respectively. Factors potentially
associated with mental health including sleep quality, fatigue, and stress were
commonly reported, with poor sleep quality and fatigue often linked to nighttime
monitoring of people with DS.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Dravet syndrome (DS) is a rare, drug-resistant,
childhood onset developmental epileptic encephalopathy
characterized by the onset of seizures before 20 months
of age.! DS was first described in 1978 by Dravet® and
originally named severe myoclonic epilepsy of infancy.
The condition has since been renamed DS, given this
rare neurological condition is not limited to childhood
but persists into adulthood,’ and it has a distinct pattern
with increasing comorbidities with age.** There are few
epidemiological studies on DS.® A systematic review of
the literature from inception to June 2022 reported the
incidence of DS in the United States and Europe ranged
from 1/15400 to 1/40900, and the prevalence ranged from
1.5/100000 to 6.5/100000."

DS is characterized by prolonged, recurrent seizures
and the development of nonseizure manifestations, which
include cognitive, motor, and behavioral problems.” The
risk of premature mortality from sudden unexpected
death in epilepsy (SUDEP) or status epilepticus, the
change in seizures types over time, and the morbidity as-
sociated with nonseizure manifestations all contribute to
the humanistic and economic burden of the disease and
negatively impact health-related quality of life (HRQoL).®
In turn, the clinical manifestations and comorbidities
associated with DS affect caregivers (individuals such as
family and non-family members who care for people with
DS, and help address the significant and unique needs
of people with DS), owing to the extent of patient assis-
tance needed and the impact on caregivers' daily lives.?
The objective of this systematic literature review (SLR) is
to provide an up-to-date characterization of the available
literature that addresses the mental health impacts experi-
enced by caregivers of people with DS.

3

2 | MATERIALS AND METHODS

This SLR was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement’ and the PRISMA
Protocol guidelines,'® and it was registered in the
International Prospective Register of Systematic Reviews

Significance: Physicians should routinely assess the mental health of caregivers
of people with DS; future studies should focus on identifying interventions that
ease burden on caregivers.

anxiety, depression, fatigue, isolation, sleep quality

Key points

« DS places a heavy burden on caregivers, given
the assistance patients require and impact on
caregivers' daily lives.

« Of 519 records identified, 20 published articles
were included; sample size ranged from seven
to 256 caregivers of people with DS, mostly
females.

« Caregivers reported mental health impacts

(depression and anxiety) and related factors

such as poor sleep quality, fatigue, and stress.

Validated standardized instruments to assess

emotional and psychological challenges faced

by caregivers of people with DS are needed.

Physicians should assess the mental health of

caregivers of people with DS; interventions that

ease caregiver burden should be identified.

(PROSPERO; CRD42024605221) to avoid duplication and
reduce potential reporting bias.

Caregivers were defined as those who provide care
to people with DS who need assistance with activities
of daily living because of illness, injury, or disability.
Caregivers included family members such as parents and
siblings, as well as non-family members such as neighbors
and friends. Paid professionals were not included. The lo-
cation of residence of people with DS was not assessed.

Embase and MEDLINE (including records classified
as ePublication ahead of print and in-process, in-data-
review, and other nonindexed citations) were rigorously
and objectively searched via the Ovid interface for records
containing keywords relevant to mental health in care-
givers of people with DS (or severe myoclonic epilepsy of
infancy; Table S1). Published records from 1974 to August
29, 2024 were searched in the Embase database, and
from 1946 to August 29, 2024 in the MEDLINE database
(MEDALL: Ovid MEDLINE ALL).

Included studies were defined according to the popula-
tion, intervention, comparison, outcome, and study design
framework; inclusion and exclusion criteria are reported
in Table 1. Mental health outcomes were categorized into
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TABLE 1 Study inclusion criteria.
Inclusion criteria

Population « Caregivers of people with DS

Intervention/comparator « Any or none

Epilepsia

Exclusion criteria
« People with DS
« Paid caregivers of people with DS

» Pharmacological interventions
affecting outcomes related to

caregiver burden
Outcomes Mental health outcomes including but not limited to: « Economic burden
» Depression « Work productivity
« Anxiety
» Fatigue
« Sleep quality
 Stress
« Mood
» QoL scales
Study and publication « Randomized and nonrandomized controlled trials » Preclinical, animal, pilot, or
types « Observational studies and real-world evidence phase 1 clinical studies, protocols
(without results), case reports/
studies, case series
« Notes, commentaries, letters,
editorials, opinions
« Meta-analyses, reviews"
« Conference abstracts
Language » No restriction
Time  No restriction

Abbreviations: DS, Dravet syndrome; QoL, quality of life.

“Reviews were excluded, but reference lists for relevant systematic reviews were screened for primary sources.

mental health conditions (depression and anxiety) and
factors potentially associated with mental health (fatigue,
sleep quality, stress, and mood). Studies included in this
SLR reported depression and anxiety as symptoms rather
than as clinical diagnoses.

Records returned from database searches were down-
loaded to EndNote bibliographic software, with dupli-
cations removed manually using EndNote algorithms.
Duplicate citations were retained for transparency.
Prescreening excluded records that did not meet the inclu-
sion criteria. Abstract and title screening of records was
performed by a reviewer, and a second reviewer screened
20% of the records. If there were discrepancies, reviewers
discussed their reasoning until consensus was reached;
otherwise, references were included in full-text screening.
Full-text articles were obtained for citations that met inclu-
sion criteria. A reviewer performed full-text screening of
records and provided reasons for exclusion. Discrepancies
were discussed by two researchers or by consulting a third
researcher. Reference lists from included reviews and arti-
cles were manually searched for publications that may not
have appeared in the database searches.

The Mixed Methods Appraisal Tool (MMAT), ver-
sion 2018,"" was used to assess included publications for
quality/risk of bias (Table S2). A researcher assessed the

quality of each study, which was checked by a second re-
searcher. Discrepancies were discussed by two researchers
or by consulting a third researcher.

After selection of publications based on full-text
screening, data extraction tables (DETs) were developed
in a Word document. DETs were designed to capture study
and population details as well as outcomes per the eligi-
bility criteria. Data entered in the DETs were checked for
accuracy by a second reviewer.

3 | RESULTS

3.1 | Records identified

Atotal of 519 records were identified, of which 39 duplicates
were excluded (Figure 1); 480 records underwent title and
abstract screening, of which 441 records were excluded,
and 39 full-text publications were retrieved. In total, 20
published articles were excluded at the full-text screening
step (Table S3), and 20 full-text published articles*!*°
were included: 19 from the database searches*'*° and
one from the reference list search.”® For each of the
included 20 articles, MMAT results for quality/risk bias
are reported (Table S4).
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FIGURE 1 PRISMA (Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses) diagram: systematic

literature review publication selection.
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3.2 | Study characteristics

The 20 included published articles were heterogenous
in study design and included prospective cohorts, cross-
sectional analyses, surveys, comparative case—control
studies, and qualitative methodologies such as semistruc-
tured interviews and focus groups (Table 2, Figure 2A).
The majority of included articles were cross-sectional
studies™®!6-21:2%:30, surveys were also included.'?"1>%6
Three published articles reported data on associations
between factors/variables related to mental health.'*'¢2!
Semistructured interviews***** and focus groups24
provided deeper insights into the lived experiences of
caregivers. Comparative studies’* offered additional
context by contrasting findings from caregivers of people
with DS with those from non-DS populations (parents
of minors without any diagnosed disease, caregivers of
patients with drug-resistant epilepsy, and caregivers of
patients with epilepsy in seizure remission). The study
design was not reported for four articles.?*>**
Geographic regions included North America,
with two studies conducted in the United States,'*!®
and Europe, with three studies (four articles) from
Germany,'®?"%*? three studies from Spain,***** and
one study (two articles) from Poland'*'® (Figure 2B).
One study each was identified from Belgium (Flanders)

and the Netherlands,** Sweden,?’” and France.?? Other
regions represented included Asia, with studies from
Taiwan'’ and Japan.'”* Finally, there were three mul-
tinational studies.***

Study sample sizes varied widely, ranging from as
few as seven® to as many as 256" caregivers of people
with DS. A total of six articles did not report caregiver
characteristics.'>'*!7182630 \ost caregivers were fe-
male, 101921232327 comprising between 42.8%** and
100%" of caregivers per study. A high percentage of care-
givers were mothers/female parents (up to 88%'* and
95%'%). Between 0%'*** and 57.1%** of caregivers were
male. Fathers/male parents were reported as caregivers in
six studies'*'®1#21272: they typically constituted a smaller
proportion of caregivers, ranging from 0% to 50% per
study.”’ Other caregivers included relatives such as grand-
mothers, siblings, and other family members, #1019

Validated instruments used in different studies in-
cluded the Beck Depression Inventory-II (BDI-II),'***
which measures symptoms of depression, and the Hospital
Anxiety and Depression Scale (HADS),"”"*! which assesses
anxiety and depression (Table 3). Although the European
Quality of Life 5 Dimensions (EQ-5D) questionnaire was
the most commonly used instrument to assess HRQoL in
caregivers,'>'®*** only two articles reported on the anx-
iety/depression domain of the EQ-5D.'**° Additionally,
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FIGURE 2 (A) Study design of included articles. (B) Geographic regions assessed in included articles. (C) Articles reporting mental

health outcomes in caregivers of people with Dravet syndrome (n=20). The Domaradzki and Walkowiak'*'* published articles contain

data from the same study. Some data in the Strzelczyk et al.?®

article.

Patient-Reported Outcomes Measurement Information
System (PROMIS) Short Forms were used to assess anx-
iety, depression, fatigue, and sleep disturbances,' and in
another study the Pittsburgh Sleep Quality Index (PSQI)
was used to assess sleep disturbances in caregivers.21 More
than half of studies did not use a validated instrument
to assess mental health in caregivers. Nine studies used
questionnaires,14’15’17‘21’29 and three studies each used sur-
or semistructured interviews****** to assess the
mental health of caregivers.

3.3 | Mental health outcomes assessed
for caregivers of people with DS

3.3.1 | Mental health conditions:
Depression and anxiety

Depression and anxiety, which are categorized as men-
tal health conditions, were the most commonly reported

published article are the same reported on in the Strzelczyk et al.* published

mental health outcomes, reported in 1141215212829 5134 10
articles,»' 2131517192129 pegpectively (Figure 2C, Table 3).
The prevalence of depression and anxiety among caregiv-
ers varied widely across articles, ranging from 5% to
66%,* and 5.2%"7 to 80%,"> respectively.

Three articles reported on the use of BDI-II to assess
depressive symptoms among caregivers.">*** A study un-
dertaken in Germany reported a mean overall BDI-II score
of 15.4 (indicating mild depressive symptoms) for caregiv-
ers.”® When BDI-II scores of caregivers were stratified by
the age of people with DS receiving care, there was a higher
percentage of BDI-II scores >20 (indicating moderate or
severe depression) for those caregivers of people with DS
who were 12-17 and >18years of age than those who were
6-11 and <5years of age.'® Another German study also re-
ported similar results, with a mean overall BDI-II score of
14.9 (indicating mild depressive symptoms) for caregivers.*
When compared with cohorts of caregivers of age- and
sex-matched patients with drug-resistant epilepsy (mean
overall BDI-II score=9.4), and with caregivers of age- and

sdiy) SUONIPUOD PuE UL, Y 23S “[9Z0Z/E0/0E] U0 AIeIqIT AUIUQ AST1AN “NOUIOAIGSIPULTT PUN-SIRISIIATUL UUOF INSIATUN AQ [£10L1d/Z001"01/10p/wi0d" Ko Areaquiautjuoy/:sdny wiosy papeojumod ‘0 “L91 18281

19)/W00" KT

ASUADIT SUOWWO) AN d[qeordde oy £q PaUIdA0S dIe SA[INIR V() 8N JO SA[NI 10§ AIRIGIT dUIUQ) AJ[IAL UO (Suont



15281167, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/epi.70171 by Univer:

5
e
)
B
0
<l
Ll

STRZELCZYK ET AL.

(senunuo))

(€°S) ¥ :po08 127
(L°8€) 67 :poo3 1oyrey
(£°6) L :mouy 3,U0p/peq I0u pooT IYIN
(Lv€) 92 :peq 1oyjeyd
(1) 6 :peq A19A:(%) u ‘daats Jo Ky1renb paje1-Jfos 10AI3are)
daays Jo £yirenb payrodar-jros SurpreSar peq A10A 10 peq ISYJeI POISMSUE SIOAISOIRD JO %L'OF  *
%¢€"G :ssoussaedo]
%L’9p :SSAUI[PUOT
%L°0S KIAIS[NA W /SSOUSNOAIIN
%S :uorssardap/ssaupes
%89 :18dJ pue APIXUY
%L :ssaussa[d[oH

:s19A130180 Aq paouarIadxd
S9)B)S [eUONOW SUIPIE3al SAeMTE 10 U)JO PIIIMSUE OUYM SIOAISOIRD JO 3Fe)UddIdd
9%.°8€ :Surueaw JO SSO] B pue ssaussa[adoH
9%L°06 ‘uoIssa1dop pue ssoupes
%€ T ‘UONE[OST pue SpMyI[os
%L°9% :ssams yyim Surdod JoN
%L"8€ :SSAMS
%08 :UOT)SNBYXD [BIUDIA
%¢€°18 :ongney [ed1skyd

:Surardared
woij Junnsax sSurasy Surpredal semye 10 Ud)JO PIIIMSUE OUYM SIOAISOIRD JO 3FejuadIdd o

eruwosut/Surdod[s

3m swdjqoid Surousriadxas Surpredar sAemye 10 U2)JO POIIMSUE SISAISAIRD JO %LTh o
swa[qoId I19Y) IN0qe Payse uaym (%09) YI[esy [ejuaur

JO UOIIRIOLIANAD B pue (%48) andnyey Surouartadxa skeme 10 uajjo payrodal sioardored A[rwe,]
(L£0 =d ‘sqpuow €)

UMOPYO0] 03 Jo1Id S2INZISS [BUINIO0U YIIM POOW S IIAISaIed U2aM)dq dIYSUONE[I PIAISqQ  *
(¢10°=d) 101A€Yq

sjuaned oY) pue (K)9IXUe 10U INQ) POOW S,I9AISAIED ) UdIMIaq dIYSUOIIR[I PIAISSqO »
(umopo0[
6T-AIAOD o3 SurLmp paousrIadxa SINZISs I0 UMOPNI0] Jo 2dA) 0) paje[aIun pauwraap yjoq)

Karxue Jo swoydwAs mou pajrodar 908 ‘oot 119y} Ul sa3ueYd parlodal SIOAISOIRd JO %T'9L o

(L1°) 8L :(ds) uedaw ‘Xapuy JoOH *

%¢¢€ :passardap/snorxue A[9jeIopoul 3sed] 3y

9%0L :passardap/snorxue APYSI]S ISea] Iy

%0¢ :passa1dop/snorxue JON

:uorssardop/Kjorxue Jo urewrop qs-Od ¢

sSurpury £

Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https:

.wiley.com/terms-and

Aynatsindury
/SSOUSTIOAION  »
ssousso[d[oH ¢
ssoussofodoy
uone[osI
puespmos -«
UOTISNEBYXD [BJUSIN  » ON SO SO SO

)[eay [erudw

Jo uopeIoLI) o ON ON SOK SOX
SOX ON ON ON

ON ON ON ON

SIdYI0 pooly ssams Airenb  anSpeg

daafs

Korxuy

) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

pue[od ,(£207)

SOX SO S/ DjZperewoq
puefod , (€207)

ON ON SL D{zperewoq
ureds

1(T20T) Zouny

SO ON SaI[IUIe} 69 -[euspIe)
VSN ;,(8107)

SOK SOK 3 eqdure)
uorssaxdaq Sad Anunod (r1eak)

ym apdoad Ioyine ISIg

I[e3Y [eIUIW YIIM pIjerdosse A[fennudjod s103oeq

Jo sxaA1Saaed
SUODIPUOD <5715 grdureg

WEIY [BIUSIN

'S I 91doad Jo s19AISIED UT SOWI00INO IRY [BIUSIN € HIdV.L



15281167, 0, De from https:

=

<

=

m

[

—

N

Q

—

[sa)

P

£ 100" >d

‘(-7 € :09 < 21098~ ], diysuoruedwo) o

100" >d

= L Epilepsia

“(Z-T") 1" :09 < 2100s- [ uonugo) o
:S2109S- [, SIINOYJ 12AISdae)
anSney
10J $1039€] 9A1)03301d yuedygrusis
100" >d
(L'8-T'¥) 0°9 :09 < 2109s-[ AJoIXUY  ©
100" >d
“(9°6-6°€) 0'9 :09 < 9109s-, uoIssarda@ o
18910938~ SINOAd hu\rmmnu.—.ﬁo
v0'=d(6'L1-8'T)
€°G :Appuanbay ooyd 10 YA, ©
€0'=d ‘(L'z-T'T) LT :uado 100p dABI[ 10
JOIAJP 119[B INZIS 10 I0JIUOW OIpNy O
10°=d
“(€¢-2'1) 6°'T :Asdayida yymm uosiad a3
YIIM Paq IO WOOI B SAIRYS dUOIWIOS O
:Sunrojruow SwnYSIu 10§ SPOYIAA
100>d “(LT-+'1) 0T
:9A0qe Pa)ST] uonIpuod dodfs Aue prryy o
100 >d (1'€-91)TT
:doats ssapIsa1 A1 PIIYD ©
100°>d (ST-€T) 8T
:sguruayeme swnyysiu juanbaiy priyy o
100'=d (§T-€T) 8'T
:ssourdoss ownAep $SA0X9 PIIYD ©
10=d‘(L0T-T ST
:doa[se urfrey AynoygIp sey piryy o
:PITYO Y3 JO SOTISLIdYORIRYD
anyea-d
‘(1D %S6) YO® ‘09 < 'SA 095 109S-[,
([(s2K)
09 < {(ou) 095] 2103s-, anSnyey
Aq S1030%] JSLI 10J UOISSITax
ansiSor) anSney 1aardared
J0J S10)9€] JSLI JuedYrusis o

.wiley.com/doi/10.1002/epi.70171 by Universitit Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https:)

(THT) #1209 < {(€°T€) €ET 09 :91008-[ andned
109 < 2100s- [ diysuoruedwo) o
(¥°9) 0T :09 < (¥'SE) 9¥1 :09 191008~ [, anZHe]
109 < 2102s-J uonrugo) o
($°95) 9L :09 < £(T'8T) SL 09 :91008-[ andned
109 < 21008-, A2IXUY O
(S72€) TOT :09 < (T'8) ¥€ 109 :91008 [, angne
109 < 2100s- [ uorssardog o
1591095~ SIINO Y IdA13aa8)
(TH) TT:09< {(T'T) S :095 21008~ an3neg
:Apuanbaiy yooyd 10 Yojem\ ©
(£°95) #L1 :09 < {(6°9S) TET :09S :9100s- [, andnye,]
:uado 100p
QAEBI] 10 ITAIP JI3Tk 2INZISS 10 I0j[UOW OIpny o
(7°87) L8 :09 < (¥'TT) 16 :09S :2100s-, oangne
Asdaride yrm
uostad 9U) YIIM Paq 10 WOOT € SAIBYS duodwos o
:Surrojruowr SWINIYSIU 10J SPOYIdIA
(T°£9) 20T :09 < (¥°SS) 12T :09S :91008- [, andne,]
:2A0qe PaIST] uonIpuod doss Aue prryy o
(€°L¥) 8€1:09 < (T°T€) 121 :09S :91008- [ dn3ne]
:doa[s SsaISaI A1oA PIIYD ©
(T°5S) S9T:09 < {(8'€F) €L1 :09> 191038~ andne
sGuruayeme swnjySiu juanbaiy prryy o
(8°L€) TIT :09 < “(8T) 60T :09 :91008-[ andned
:ssourdosrs swnAep ss90%d pIy) ©
(L¥) THT 209 < £(S'6€) 9ST :09'S :9100s- dn3neg
:doayse 3ur|rey Aynoyyip sey iy o
IPIIYD 9Y3 JO SONISLId)ORIRY)
(%) u “(s3K) 09 < :(ou)
095 ‘sa109s-, SIINOYd dnSney 1oA15a1e)  «
ANOILVA

sSurpury £331

.wiley.com/ter d

diysuorueduio) ON ON S9K. S9K SOX S9X
SIdYI0 pooly  ssams Karenb  anSpeg  floxuy uorssaxdaq
daars
YIeIY [eIUSUI YIIM pAjerdosse Affeniuajod s10joeq SUOIIPUOD
IeaY [BIUdA

) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

VSN 4,(0207)

(00T SQ) THL IJJI0PSOH
Sa Anunod (1eak)

P adoad JIoyine STy

Jo sxaA1SaI8)
‘azrs ajdures

(ponupuo)) € ATAV.L



15281167, 0, De

]
o
v
o
Q
[
8

STRZELCZYK ET AL.

from https:
(senunuo))
100 >d
“9'-7) ¥ :09 < 21098, diysuoruedwo) o
100" >d

‘("-1°) T :09 < 9103s-, uoniugoy o
1591098 SIINOYJ 12AISaae)
doueqINISIp
daays 103 s1039€] 9A1I0930ad JueOYTUSIS
100" >d
(T'S-S'7) 9°€ :09 < 91008~ [ AoIXUy 0
100" >d
“(T¥-6'T) 8T :09 < 9103s- [, uoissarda@ o
831095, STINO Y 1dA1Sa1e)
100 >d
{(8°5-L'T) T°€ :uado 100p aALI] 10
901A9P J19[E AINZISS IO IOJ[UOW OIpNY O
200 =d
“(9°5-6'1T) 8'Z :Asdaqido yym uosiad a1y
YIM Paq IO WIOOI € SAIBYS dUOAUWIOS O
:Sunro)ruowr W YSIU J0J SPOYIA
100>d (8'7-€'1)
6T :doa[s Ssa[sal A1aA pue ‘sguruayeme
swmysu yuanbaig ‘ssourdesrs swnAep
$s90x9 ‘doase Suryrey A noygIp
:Jurmorjoy ays3 jo Aue sey piryy o
:PITYD 33 JO SONSLIdIORILYD
anyea-d
‘(1D %S6) YO® ‘09 < 'SA (09> d109S-],
([(s24) 09 < (ow)
095] 2109s- 1, 9dueqanystp daays Aq
$1039€J YSLI 10J uorssai3ax onsiSor)
aoueqanysip doays xaarSared
J0J S10)0€] SLI JuedyrusIs o

.wiley.com/doi/10.1002/epi.70171 by Universitit Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https:)

(621) 9T

109 < 4(9°87) TIST :09'S :9100s-], 2oueqInysIp dod[s

109 < 2109s- [, diysuoruedwo) o

(r'8) LT

109 < {(#'827) 0ST :09'S :21098-], dueqInIsIp dod[s

109 < 21I00s-], EOSMEMOU o

(S¥s)ott

109 < 4(6°LT) THT 095 :21098-], ddueqInisip dod[s

109 < 3I103s-], %uw—é/\ [}

(£'62) 09

109 < {(TH1) SL 1095 :2100s-], ddueqInisip dod[s

109 < 2100s-, uorssardo o

:S9100s- I SINOUJ Id9A13a18)

(€°€9) 9z1

109 < {(0'%S) T8T :09'S :2100s-], d0uRqINISIP das[S
:uado 100p

QABI] 1O IDIAIP }I9[E DINZIAS IO I0JIUOW OIPNY O

(TLo)vs

109 < {(1'%T) 92T :09'S :9100s-, 9ueqINISIP dod[S
Asdarido yym

uos1ad 9y} Y3m paq 10 WI0O0I B SIIBYS SUOIWOS O

:Surrojruowr swnySru 10§ SPOYIdN

(90L) LET

109 < {(#79S) 88T :09S :91005- ], ddueqIn3sip dos[s
:doats ssaysa1 104 pue ‘sSuruayeme swySIu
juanbaig ‘ssourdaafs swmnAep ssaoxa ‘dodse

Surprey KnoyyIp :Sumoyio ay) jo Kue sey pryy o

‘PITYD 3Y3 JO SONSLIdORILYD
(%) u ‘(saK) 09 < :(ou) 09> ‘SAI03S

-L STINOYUd ddueqanisip doays 1oardare) -

HONVIINLSIA dJdTS

sSurpury £331

.wiley.com/ter d ) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

SIdYI0 poolN  ssams Karenb  anSpeg  foxuy uorssaxdaq Sa Anunod (1eak)
dasrs y3m ordoad Joyne IsIg
Jo sxaA1S9I8)
YI[EIY [eIUSW YIIM pajeroosse A[feruajod s10joeq SUONIPUOD <5715 5rdureg
IeaY [BIUdA

(ponupuo)) € ATAV.L



15281167, 0, De

STRZELCZYK ET AL.

* L Epilepsia

from https:

.wiley.com/doi/10.1002/epi.70171 by Universitit Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https:)

(6) 8 :swoydwiks o148
(ST) €1 :swojdwAs 9)eI9PON
(22) 0T :swoydwAs PN

(%) u1-1ad o

vI<Jjo

91008 JJOINd 3y} Papaadxa sjuared Jo %91 {[€4-0] (L'6) +'ST :[oSue1] (qS) ueaw 01008 [-1Ad  *
(uonendod weurrdn Jmpe oy 03 reqrus) [1-¢°] (1) 6° :[95ue] (AS) ueow 21008 T¢-AS-OH

S12A13189 JO (8€/7=1U) %T'S I0J SUIIUOD

I9A1S01BD UOWWOD JSOW 9} Suowe Sem UOTJB[0ST/uoIssardop/A)SIXue ‘[0IJU0D DINZIAS IYJY  «
(%L¥) s19A130180 9Y) JO Jrey] Jsowfe Aq pariodar sem poour passardop woif paioyns Sulaey o

100" >d
‘(4'-7) € :09 < 2100s- ], diysuoruedwo) o
100 >d
“(T-T°) T' :09 < 21098, uoniugo) o
1821095 [ STINOYJ IdA18a1e)
Juauareduwrr
daays 103 s1030€) 9A130930ad JuedYTUSIS
100" >d
(1°9-T°€) € 09 < 21095 [, KoIXUY ©
100 >d
“(L'9-0"€) §'¥ 109 < 21005~ [, uoIssaido o
1591095 [, STINOYJ IdA1Saxe)
€00'=d ('2-T'1)
LT :do9[s ssopIsar A10A pue ‘sSuruayeme
swmySiu juanbaiy ‘ssaurdosys swmnAep
$590x9 ‘doayse Sut[rey AnogIp
:Jurmorjoy oy jo Aue sey piry) o
IPIIYD 3Y3 JO SONSLIdIORIRY))
anyea-d
‘(1D %S6) YO ‘09 < 'SA 095 109S-[,
([(sa4) 09 < :(ow)
095] 2109s-, yudunareduur daafs Aq
$10)9€J YSLI 10 uolssaxdax onsiSor)
yuouraredurr doays 1oarSaxed
J0J S10)9€] JSLI Juedyrusis o

(6721) €€

109 < {(€°0€) #+1 :095 :2109s- [, jusuriredurr dos[s

109 < 2109s-, diysuoruedwo) o

(Tro)et

109 < {(#°2€) ¥ST :095 :0109s- [, juauriredur dos[s

109 < 9100s- [, uoniugo) o

(5°98) ¥¥T

109 < £(£°22) SOT :09S :9109s-, yusuriredur dos|s

109 < 9100s- [, A)_IXUY O

(s€e) s

109 < {(S°0T) 0S :09> :2100s- [, Jusuredur doafs
109 < 9100s- ], uorssaxda o

1591008~ SIINOYUd I9A13018) *

(L99) 91

109 < {(6°95) 19T 1095 :9100s- [, Judunredwr dod[s
:doats ssaysa1 A10A pue ‘sSuruayeme swnySIu
juanbauiy ‘ssourdad]s swnAep ss90xa ‘doarse

Surqrey KnoyyIp :Sumorioy oy jo Kue sey p[ryd o

‘PTIYD 93 Jo SONSLId)dRIEY)
(%) u “(s3K) 09 < (ou) 09 ‘SAI03S

-I STINOYUd 1udurireduwr daafs 1aarSaae)

INHNAIVAINI d991S

sSurpury £331

.wiley.com/ter

ON ON ON ON ON S9K.

UOTJE[OS] » ON ON ON ON SOX S9X.

SIdYI0 pooly  ssams Karenb  anSpeg  floxuy uorssaxdaq
daars

YIeIY [eIUSUI YIIM pAjerdosse Affeniuajod s10joeq SUOIIPUOD

IeaY [BIUdA

d itions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Aueurian
€6 4(6T07) MIs[EY

uBMIB],
ge  ,4(1207) Suenyy

Sa Anunod (1eak)

yim drdoad JoyIne ISItg
Jo sxaA1SaI8)
‘azrs ajdures

(ponupuo)) € ATAV.L



15281167, 0, Di from https: ineli .wiley.com/doi/10.1002/epi.70171 by Universitit Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https:) ineli .wiley.com/ter 1 itions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

]
o
v
o
Q
[
8

.Sa1nzras awniy3ru 03 anp uonearrdap dod[s
10 doays ze[n8axir Sunrodar ‘pa[[oI1IUOIUN IE SAINZISS UIYM UapIng e ST Suiaidared ‘sisouderp
I19)3e porrad ay} 03 IR[IWIS “Jey[) Paje)s s1aAISaIed AUBA, (UIPING [BUONJOWD JUALINY) o
Sqof aroy) woxy ugisax 03 pey Loy}
uaym passaxdap 3195 Auey Juanyed ay3 1oy Surred awn Jo jof & juads pey £oy) usym sporred
YILM PIPIOUIOD 9JE)S [EUOTIOWD JSIMO] I3} JBY) PIIB[AI SIQAISAIRD [RI9AJS,, :SISOUSRIPISOd  *
SSAU[[T AU} INOQE SIOW PAULIEI] A1)
S 21NN 3y} Jnoqe AJIXUE JO ISUIS B PIQLIISIP OS[e SISAISAIR)),, :JOSUO/SISOUSLIP JO dW 1Y o
uonjowrd Surfreaard ayy se Kjarxue pajrodar s1eardared sisouSerp Jo awin oy Iy o
passaxdop sem T SUry) [ “I0M 3,UP[NOD PUE SUIT} Y} [[€ SWOY JB Sem
1 ‘[rusnred ayj Jo] [nyyorem aq AJJueISU0d 03 pey [ Uaym sem SIy [, *ssd] ajdoad yimm pajoeIajur
1 "Pa3I2A0IUT dUIEdq T ‘O[N] Aq o[ ‘pue a1doad 19Yjo a19M 21913 219y Ino 0F 0 pIey els 11 DSL ‘0T ueder
K104 SEM 11, :SUNEIS “UONEIOSI PAQLIOSIP I9AISOILD SUO ‘SISOUTRIP/JASUO JO SWIT} AY) PUNOIY «  [BUONOWD JSOMOT « ON ON SOX ON SOX SOX  SASSOTIT  ,(FT0T) NS0T

(6'29-0'9%) ['2S] (1971) 0°€S TeI0L,

(T'1L-€95) [529] (6°6T) 6'8S :Arewrwns Suruonouny Ajrurey
(6:09-6'9%) [t'+S] (6°8T) T'+S :ATewuns TOOYH JusIed
(¥O1) [uerpaw] (AS) ueow (8T =1u) 2109 NI TOSPed  *
(0°s1-0'8) [0°2T] (%) 9'IT :Me1xuy

(0°01-5°5) [0'8] (£'+) €8 :uorssaidaq

(§°s2-0+1) [0°02] (0°6) 0°0T 21038 [E3OL,

(JO1) [uerpaur] (QS) ueswr (6T =u) 9103S SAVH *

(5) T :uorssaxda

(Lg) L :Kprxuy

(z¥) 8 :swdrqoad dosfs

(€5) 0T :ssoms ueder

(%) u ‘s1oA132180 Aq paoudlradxo swojdwAs ON SOX SOX ON SOX SoX 61 EQNONV 1s21J0T
ALn. sSurpury £331 SIdYI0 pooly  ssams Karenb  anSpeg  floxuy uorssaxdaq Sa Anunod (1eak)
& daars yim drdoad JoyIne ISItg
M Jo sxaA1SaI8)
S YIeIY [eIUSUI YIIM pAjerdosse Affeniuajod s10joeq SUOIIPUOD o716 ordureg
= IeaY [BIUdA
>
Z (ponunuo)) € HTAV.L



s-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

15281167, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/epi.70171 by Univer: Bonn Univers

(920" =d ‘STz =.1) $2109s uorssaxrdop SAVH Pue ‘(100" > d ‘95H" =.1) $2109S A}d1XUE SAVH
‘(100" > d ‘gS€ =.1) 9109s DASF IYSIY YIIm APuedoyTusis pale[a11od sa109s [OSd IOYSIH
(20" =d A3yoam 10 £[1ep) SOLO Iuaned Jo
Kouanbaiy 10y31y € pue (g0 =d APeam I0 AJTep) saInzres [eurn)oou jusiied Jo Aousnbaiy
19y31y e 310da1 03 A[Y1] 210U APUBIYIUSIS 9I9M SI09S DISH IOYSIY YIIM SIdAIZoIRD) o
(20" =d) saoueqinisip dog[s ajeIopowt
1se9] Je 310da1 03 AOYI] 210 APYUBdTUSIS 9I19M S9I00S DS IOUSIY YIIM SI0AISaIR) o
:SOSATeUR SJBLIRAIUN O
(0°2T) €T :(919A3s £I9A 0) 919A3S) $8—9S
(€7€€) 9¢ (yeIopowr) SS—1t
(9'%5) 6S :(Tewion) T4—0
(%) u “93uer2100S ©
#9-L1) [ov] (£°1T) L Tt :(eSuer) [uerpowr| (QS) UBSW ‘9I03S [[BI9AQ O
191008 DASI ¢
(10" =d ‘Ayam 10 AJ1ep) SOLO Juaned Jo Aouanbaiy 1oysiy
® 310da1 03 AJoYI] 210w APUeoHTUSIS 919M S9I00s U0ISsaIdop SOV H IoySIy yiim s1oAISare)
(10" =d) way se wooipaq dwes 3y} ur 3days jusned ayy
310da1 03 Afo1 2101 AUEOHIUSIS a10M $2109s UOIssaIdop SAVH IoYSIY YIm S1oAISaIe) o
:S3sATeue djeLIeATU) ©
(T°€2) ST :(fewiouqe) Tz—TT
(8'£2) 0¢ :(suIIap10q) OT—8
(T6¥) €S (Jewwrou) L—0
(%) u “98ue 21008 uorssardop SQVH ©
(0z-1) [L] (£°€) 6°L :(93uex) [uerpawi] (OS) UeaW ‘91095 UoIssaidop SAVH ©
(€0' =d) way) se wooIpaq duwres a3 ur 3days Jusned
9y} 110da1 0y A[o1] 210U A[JUBITIUSIS 919M SI09S A)91XUE SAVH IOUSIY YIIM SIoAISoIRD) o
(€0"=d) saoueqinysip dad[s a)eIdpOW ISBI]
7e 310d21 03 A[oYI] 210w APYUEdHTUSIS 9I9M S2100s AJIXUR SAVH IOYSIY UM SI0AISoIR) o
:s9sA[eue djeLIeATU) ©
(€°5¢€) 9€ :(Jeurrouqe) 1z—1T
(§'92) Lz :(Su1p19pI0q) OT—8
(z8¢) 6¢ :(fewion) L—0
(%) u “93ue1 2109s Kjorxue SQVH ©
(02-1) [6] (£'%) €6 :(a8uer) [Uerpawr] (S) ULSW 9109s ADIXUE SAVH ©
191008 SAVH  *
(z0"=d) sooueqin)sip dod[s ajeIopowt
Jsed] Je 310dax 0y A[oYI] 210w APULIHIUSIS 9TdM S9109S [OS IOYSIY YIIM SI0AISaIR) o
:S9sATeue djeLIeATU) ©
(9°0¢) ¢ (19pr0SIp doI[s 21A3S) TZ—T11
(£°9%) 0S :(Ky1renb daats [eurrouqe) 0T—9

STRZELCZYK ET AL.

Yareay [eIus N

(penunuo)) € HTAV.L

(1'€2) ST -0
Va.a (%) u “98ue1 91095 TOSJ © Aueurron
oqu (91-2) [5°8] (5°€) £°8 :(a8urer) [uerpawi] ((IS) ULSUI ‘9I0S [[BIOAQ O 1(€200)
” 121008 [0S ¢ ON ON SO ON SOK SO 80T BAISIEIN
e sSurpuy Aoy SIdYI0 poolN ssans Aenb  onSpey  fPrxuy uorssaxdaq Sd Anunod (1edak)
-_II.. daars yam dpdoad Joyne 3saty
L]
p Jo sxaA1SaI8)
YI[eaY [eIUIW YIIM pIjeIdosse A[fenyuajod s103oeq SUOIPUOD o715 ordureg
o
-



15281167, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/epi.70171 by Univer: Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https: ineli .wiley.com/ter 1 itions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

‘AAG sdrysuonea1 pue ‘doays [eyuaired ‘saouruly ‘O] [e100S S A[rurey uo spedwy o

© pm poow pue £31aus uo spoeduwr Yim ‘yieay [eyusw pue [eorsAyd 1o100d aAey sjyusIey o

v {J[BAY [BIUSW 0) PIJB[I SOWAYL, o

p Suryem 1ySru juenbaiy £q pajospe sjusred o

e PIIYo ay) yim dasfs 0 juaied ay) Jo Juswaimbay o

o— uopnsneyxs [eyuaied o) peay

p SO NOLFIP [BIOIARYS] S,P[IYJ U} JO asNLI2q SULIOIIUOUI JUBISUOD 10§ JUSWAINDI 3y ], © yIesy udpams ,(+207)
E :das[s pue andiyey 0} paje[al SAWAY], [BIUSW [RISUL) o Sax ON Sax Sax ON ON 9¢ UOSSUB[ 0308

uonIpuod §,priyd J1oy3 Surpredar Jors Surousradxs pagpaimousoe %98 o

SA s,uaIp[Iyd
11913 0 30adsa1 yyim uonyeidepe pue Jorid Surpredar suonsanb o) popuodsar syuared /S o [euon RURNUI
PITYO 1193 103 SULILD [)IM PAJRIOOSSE 4e(T102)
ssaxns Suroguo jo yuswaeurw ayy 10§ 310ddns aAey 0) padu Y pawIFe syuared Jo %68 o oI . ON S9K ON ON ON ON 98 yooeznpys
100" >d

‘657 =(+6)1 ‘(as€asIp pasouSerp Aue JNOYIIM SIOUTUW JO s19AISa1ed) dnois [01U0d 'sa ST PIm

USIP[IYD JO SISAISIRI USIMIDq PIIJIP S[eISqNS 9)B)S [EUONOW VISHID :91e)S [BUOT)OWD
SI9A130180 unodaye ‘urewrop/a[eds [edrdojoydAsd vISHYD oy ut 3oedwl juedyrugis o

[s6°2] (LS°) v6'T :[ueIpawi] (OS) ueaw ‘s[edosqns 1daoU0d-JjoS ©

[z6°2] (1S7) 06°T :[uBIpawW | (OS) UBSW ‘O[BISqNS JLIS [BUONOWE O ureds

[¢6°2] (677) 16°C :[uerpow] (dS) uraw ‘urewop/a[eds [es130j0yoAsd VISHID * aje)s [euonowy e ON ON ON ON ON ON 87  (€207) woles

nyssaxys 194 d19m suonenyIs Suruajearyy-ofiy pue Asdoqide £10j0e1301 payrodar Aoty SPURTIYION Y}

UI[e9Y [RIUSW UMO I3} PIOUSNJUL SA YIM PIYd  Sunuared Jo sKem passnosip sjuared o pue (s1opuelq)
Jsauoy 2q 0} pajsneyxa A[o191durod axom ap “SUIAIAINS Jsnf o1om om I8 0M) ISITY wniSfog

AL, :UOTISNBYXD PAQLIdSAP IaAISared auo ‘sjuared Auewr Aq peyrodal sem pajsneyxo Suled] o ON SOK. ON SOK. ON ON 0T ,,(€207) BUNISOg

€=u ‘AR ‘T=U VSN ‘T=u N ‘T=u ‘errensny :(andney) pain Sureag
0=u ‘ATe)] ‘g=u VSN ‘0=u N ‘€=U BI[NSNY :SSANS
T=u ‘AL ‘T=U VSN ‘T=U N ‘9= BI[RNSNY :ALIOM
:(Anunod £q
syoedwt Suniodar s1oA1Sa1ed Jo 19qUINU) s)oedw 19AIS2IRD 10] SOOUSIIIP ATYUNOO-URMIdT  «

(05) 0T :90uaLradxa TRUONIOWH [euoneURNUL
(S£) ST :douRqISIP d93]S (6107)
(%) u ‘s10A13a1R0 Aq Syoedwr pojyroday . A110pA0 * ON SOx SOx SOx ON ON 0T MoqqeN

(s19A180180 ¥) $ :KjUTRIIOUN

(s10A130182 ¥) § pajensniy/pakouty

(s19A130189 ) G :paqImIsIp doa[S

(sTeuorssajoxd 2180 YI[eay ¢ ‘SISAISAIRD G) £ 1SSSUPILL
(s1oA1S018 £) £ :ATI0M

(Teuorssajord a1ed yITeay T ‘SIOAISeIRD L) § (predje/1ed;

:(syeuorssojod a1ed yifeay pue Kureyrooun o douRI] ,(810T)
s19A1821e0 2 £q pa310dar) U ‘S YIM UIPTIYD JO 218D dY) UT PIAJOAUT SIdAISoIed o spoedwy  « A1rop o ON ON SOx SOk ON ON L noqqeN
ALn. sSurpury £331 sIYI0 pooly  ssams Karenb  anSpeg floxuy uorssaxdaq Sa Anunod (1eak)
E dasrs yam dpdoad Ioyine IsIrg
Jo sxaA1SaI8)
M YI[eaY [eIUSUI YIIM pAjerdosse Affenyuajod si0joeq SUOIIPUOD o716 ordureg
= YIeaY [RIUSIN
>
% (ponunuod) € HTAV.L



15281167, 0, De

STRZELCZYK ET AL.

* L Epilepsia

from https:

sgurqrs uo joedur

[eUOnOUId 3y} INOQE SUIdU0D pey Suraey/Suraey pajrodal SIOAISIRd JO (VST/PTT=U) bl
Aderayy ATTurey Jo urioy Aue paAraddl pey (SS1/1y=u)

%97 ATuo ‘19A9M0Y ‘uoIssaIdop paousrradxe Suraey pajiodar s19A1301e0 JO (SST/T0T=U) %99
s10A130180 6T 10§

SUIOUO0D UOWIWOD JSOW A} JO AUO Sem UONe[0sI/UuoIssardap/AI9IXUe (01U 9INZIAS Y o

(%€ "sa % 8¢€) surtou uonerndod ueurron Yym paredwod ST yim [doad Jo s1oarSares Aq
parrodar axom Te-AS-OH a3 Jo yusuodwiod uorssardop/L1orxue ur suwa[qoid Jo S[oAd] IYSIH  »
€'LL 'SYA-OH
6" 1€-as-0"
:ds-0Od uuiou uonendod UBWIOD UBSA o
(001-6T) [0°€£] (8T) €L :(°8urex) [urIpaw] (AS) UBSUW ‘SYA-OH
(1-¢") [6'] (8T") 6 :(e3uex) [ueIpaw] (@S) UesW “1€-AS-OH
{dS-OH 1oA131R) -
(11) 0T :9suodsai oN
(6) 8 :(£9—67) uoissaxrdop 919438
(ST) 1 :(87—0¢7) uorssaidap 2)eISPOIN
(22) 0T :(61—+1) uorssadap plIA
(#¥) 1 :(€1—0) uorssaxdap oN
(%) u ‘Ky119A9s wo)dwAs (s9109s [1-[Ad) uorssardoq o

(9L)
I YIM USIP[IYD JO SISAIZOIRD 0} Je[ruls Ing ‘(10 >d ‘08) ¥MS YIM USIPIIYD JO SI9AISoIRD
uey) (££) SA YIM UIPTIYD JO SIIAISOIRD UT JOMO] A[JUBOIUSIS Sem 31008 SYA-OH 10I8d UBS]N  »
([oT'] ¥67) TIA Y USIPIIYD
Jo s19A13a1e0 0 Je[Twils Inqg (10" >d [£0'] 967) ¥US YIM USIPIIYD Jo s1oAISared uey) ([S1°] 067)
SA YIM UDIPIYD JO SISAISOIRD UL JoMO] A[JUBOITUSIS SEM 91008 TE-(S-OH IoT1ed [(JS] UBSIN  »
(%S) S 10 (%TT) T YHM UIPTIYD JO SIAAISoIed YIim paredwod
(%¥7) swoyduwiAs uorssardop 21943s 0) 9)eISPOW ey SIdAISAIEd S( Jo 9Feuadrad 1oy v«
(100" >d :6'9) ¥S 10 (100" > d +'6) I YIM UIP[IYD JO SISAISAIRD
ur ueyl (641) SA YIM UIP[IYD JO s10AISa1eD UT JOYSTY AJueoyTusis sem 91008 J[-JJg UL  «
611 191008 [I-IAd [[BIA0 UBIN o
(0°1) T :(%) u ‘(swoydwAs aa1ssaxdap ou) ( Jo 9109s [[-1AF UM SI9AIZoIRD o
(8) 9 :(£9—67) swoydwAs aa1ssardap 210495
(91) 1 «(87—0¢) swoydwiAs aAIssa1dap 2yeISPOIN
(92) 61 :(61—T) swoydwiAs aarssardap priN
(09) L€ :(€1—0) swoydwAs aarssardop oN
(%) U ‘K119A9s wo)dwAS (s9100s [[-[qd) uorssaxdoq o

sSurpury o1

.wiley.com/doi/10.1002/epi.70171 by Universitit Bonn Universitiits-und Landesbibliothek, Wiley Online Library on [30/03/2026]. See the Terms and Conditions (https:)

.wiley.com/ter 1

s3urqrs uo joedur

[euonjoOws a1}

JNOQE SUIDUOD  » ON ON ON ON SOX SOK.
ON ON ON ON SOX S9X.
ON ON ON ON ON SOX
SIdYI0 pooly  ssams Arenb  anSpeg  foxuy uorssaxdaq
daars
YI[eaY [eIUSU YIIM pAjerdosse Afenjuajod s10joeq SUOIPUOD
areay eIus N

) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Teuoneunnur

95T ,(L10T) SeIIIA
Aueurion

5(6102)

€6 DIVAIEYANN

Aueurron

5(6107)

€6 pIVAICTANN

Sa Anunod (1eak)

yIm ardoad Ioyine ISILg

Jo s1aA1S9I8)
‘az1s ajdures

(ponupuo)) € ATAV.L



STRZELCZYK ET AL.

TABLE 3 (Continued)

Mental health
conditions

Factors potentially associated with mental health

Sample size,

caregivers of

Sleep

people with

First author

Key findings

Others

Mood

quality Stress

Anxiety Fatigue

Depression

(year) country DS

CarerQoL-7D, n (%):
Fulfillment: No, 8 (10.0); Some, 18 (22.5); A lot, 54 (67.5)

General mental
health

No No No No .

80 No No

Gil-Nagel

(2023)*° Spain

Mental health problems: No, 25 (31.3); Some, 37 (46.3); A lot, 18 (22.5)

Fulfillment

CarerQoL-VAS score, mean (SD): 7.2 (2.1)

Abbreviations: aOR, adjusted odds ratio; BDI-II, Beck Depression Inventory-II; BSFC, Burden Scale for Family Caregivers; CarerQoL-7D, Care-Related Quality of Life 7 Dimensions; CarerQoL-VAS, Care-Related

Quality of Life Visual Analogue Scale; CI, confidence interval; COVID-19, coronavirus disease 2019; CRESIA, Childhood Rare Epilepsy Social Impact Assessment; DRE, drug-resistant epilepsy; DS, Dravet syndrome;
EQ-5D, European Quality of Life 5 Dimensions; EQ-5D-3L, European Quality of Life 5 Dimensions 3 Level Version; EQoL, EQ-5D summary index; EQ-VAS, European Quality of Life Visual Analogue Scale; GTCS,

generalized tonic—clonic seizures; HADS, Hospital Anxiety and Depression Scale; HRQoL, Health-Related Quality of Life; IQR, interquartile range; LGS, Lennox-Gastaut syndrome; PedsQL FIM, Pediatric Quality of

Life Inventory Family Impact Module; PROMIS, Patient-Reported Outcomes Measurement Information System; PSQI, Pittsburg Sleep Quality Index; SR, seizure remission; TCS, tuberous sclerosis complex.

Epilepsia*

sex-matched patients with epilepsy in seizure remission
(mean overall BDI-II score=6.9), caregivers of people with
DS had significantly higher levels of depression (p <.001).%*

Two articles reported on the use of HADS to assess
caregiver emotional well-being and symptoms of de-
pression.w‘21 One study on caregivers residing in Japan
reported a median HADS depression score of 8.0 (indi-
cating borderline abnormal levels of depression) and a
median HADS anxiety score of 12.0 (indicating abnormal
levels of anxiety) for caregivers of people with rare ep-
ilepsy syndromes including DS."” An increased number
of caregiving hours (>21 vs. <21h in the previous week)
was associated with increased caregiver levels of depres-
sion and anxiety for caregivers, as shown by increases
in HADS depression (median [IQR] =8.0 [6.0-10.0] vs.
3.5 [3.0-7.3], p=.0282) and HADS anxiety scores (12.0
[8.0-15.0] vs. 4.5 [3.3-7.5], p=.0039)." A study on care-
givers of individuals with DS in Germany reported a
median HADS depression score of 7 (indicating normal
levels of depression) and a median HADS anxiety score
of 9 (indicating borderline abnormal levels of anxiety).*'
Increased levels of depression were reported relative to
the general population.”’ When examining HADS de-
pression and HADS anxiety scores, 50.9% and 61.8% of
caregivers scored above 8 (score of >8 included those with
borderline and abnormal levels of depression or anxiety)
for depression and anxiety, respectively, which the au-
thors deemed to be a tendency toward severe depression
and anxiety symptoms.”' The median HADS depression
scores from these studies indicated suspected depression
and confirmed anxiety among these caregivers.

A study from the United States reported the EQ-5D do-
mains of anxiety/depression had the greatest impact on
caregivers (70% of respondents were at least slightly anx-
ious/depressed, and 33% were at least moderately anxious/
depressed).'? Furthermore, a prospective German study re-
ported higher levels of anxiety/depression in the anxiety/
depression component of the EQ-5D 3 Level Version for
caregivers of people with DS compared with German pop-
ulation norms.*

3.3.2 | Factors potentially associated with
mental health

Commonly reported outcomes categorized as factors po-
tentially associated with mental health included sleep qual-
ity affecting mental health,'**¢*"2%7 fatigye,'416-22-2427
and stress'>!*#*242® (Figure 2C, Table 3).

Sleep quality
Many caregivers reported poor sleep quality, often linked
to nighttime monitoring and frequent night waking of
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people with DS, with issues such as sleep disturbances,
sleep impairment, or insomnia due to caregiving responsi-
bilities.!*1%2172327 1y one article from a Polish study, 42.7%
of caregivers answered that they often or always experi-
enced problems with sleeping/insomnia.'* Similarly, in
a separate article on the same Polish study, almost half
of caregivers self-reported their quality of sleep as rather
bad or very bad." Sleep disturbance was reported by 75%
(n=15/20) of caregivers in one multinational study.** Two
studies reported on how other mental health outcomes in-
cluding depression and anxiety were related to poor sleep
quality.'®*! A large, cross-sectional US study of caregiv-
ers of people with rare epilepsy syndromes (including DS)
hypothesized that caregiver sleep would be negatively af-
fected by nocturnal monitoring strategies and perceived
mental burden (related to seizure worry, SUDEP, and
nocturnal seizure burden).'® Results showed several risk
factors, including caregiver PROMIS depression T scores
> 60 and anxiety T scores > 60, were significantly associ-
ated with caregiver sleep disturbance and sleep impair-
ment.'® However, caregiver PROMIS cognition T scores
>60 and PROMIS companionship T scores >60 were
found to be significant protective factors for caregiver
sleep disturbance and sleep impairment.'®

A cross-sectional German study reported 76.9% of care-
givers had a PSQI score of 6 or above, indicating abnormal
sleep quality, and 30.6% of caregivers had a PSQI score of
11 or above, indicating severe sleep disorder.*!

The overall mean (SD) PSQI score was 8.7 (3.5) for
caregivers of people with DS compared with a mean score
of 5 (3.4) among the general German population, and
higher PSQI scores among caregivers were significantly
correlated with caregivers reporting at least moderate
sleep disturbances.* Caregivers with higher Burden Scale
for Family Caregivers scores were significantly more likely
to report at least moderate sleep disturbances.”’ Higher
HADS depression and anxiety scores were observed
among caregivers who slept in the same bedroom as the
person with DS.?' Caregivers who reported at least mod-
erate sleep disturbances of the person with DS also had
higher HADS anxiety scores.”

Fatigue

Across seven studies reporting fatigue, prevalence ranged
from 71.4% (n=>5/7 caregivers reported tiredness)* to 84%
(n=63/75 caregivers reported often/always experiencing
fatigue).'* Caregivers frequently described experiencing
physical and mental fatigue or exhaustion, and sleep depri-
vation, often exacerbated by the need for constant supervi-
sion and nighttime monitoring of people with DS.*>!227
In a large cross-sectional US study, several significant risk
factors for caregiver fatigue included characteristics of
the children with rare epilepsy syndromes such as having

frequent nighttime awakenings, excess daytime sleepi-
ness, difficulty falling asleep, and very restless sleep; other
risk factors included nighttime monitoring methods such
as sharing a bed or room with the child, use of an audio
monitor or seizure alert device, leaving the door open, and
watching or checking frequently.'® Caregiver PROMIS de-
pression T scores >60 and caregiver PROMIS anxiety T
scores > 60 were significantly associated with caregiver fa-
tigue.'® Significant protective factors for caregiver fatigue
included caregiver PROMIS cognition T scores > 60 and
PROMIS companionship T scores > 60."°

Stress

Caregivers reported high levels of stress, with impacts on
their own mental health.?* In a Japanese study, 53% of car-
egivers of people with DS were reported to have experi-
enced stress."” A multinational study reported that 89% of
parents affirmed the need for support for the management
of ongoing stress associated with caring for their child
with DS.?® A Polish study reported that 38.7% of caregivers
answered “often” or “always” regarding feeling stressed
because of caregiving, with a higher percentage (46.7%)
answering “often” or “always” to feeling like they were
not coping with stress.'®

Isolation

Four included studies reported isolation, three
of which also reported mental health outcomes of de-
pression and/or anxiety.*'”** A Polish study reported
that 41.3% of caregivers answered “often” or “always”
regarding feelings of solitude and isolation as a result of
caregiving." In separate studies where caregivers listed
the top three concerns for the patient or family after sei-
zure control, the grouping of anxiety/depression/isola-
tion was among the most common caregiver concerns
for two (5.2%) caregivers in a cross-sectional survey in
Taiwan'’ and in 19 caregivers (no percentage stated)
belonging to the Dravet Syndrome Foundation (DSF)
Support Group.4 A cross-sectional, interview-based
Japanese study reported accounts from the caregivers'
perspective.”’’ One caregiver expressed the emotional
burden they felt around the time of onset/diagnosis,
describing social isolation as a manifestation of depres-
sion. They had to constantly watch over the patient,
spent a lot of time at home, and were unable to work. As
it was difficult to go out, the caregiver had fewer social
interactions and gradually became introverted.

4,15,17,20

Others

Some caregivers reported worry and uncertainty as a
result of caregiving,”>** with some referring to emotional
states or emotional burden."”?***** One Polish
study reported that emotional states of helplessness,

d ‘0 °L9118TST

:sdny wouy

:sdiy) SUONIPUOD) Pue S L, Y 39S “[9Z0Z/E0/0E] U0 AIeIqIT AUIUQ KD “FOUIOIQIGSIPULTT PUN-SIZISIIATUL) ULOE IRISIAIU( Aq [L10L /001 01/10p/wO0 K[

19)/W00" KT

ASUAIIT SUOWO)) AN d[qedrjdde oy Aq pauroroF are sa[oNIR Y asn Jo sa[nI 10 A1eIqI aul[uQ K3[IA UO (SUONI



STRZELCZYK ET AL.

nervousness/impulsivity, and hopelessness were
experienced “often” or “always” by 72%, 50.7%, and
45.3% of caregivers, respectively.'” The emotional impact
of caregiving was described in a Spanish study that
reported the emotional state subscale of the Childhood
Rare Epilepsy Social Impact Assessment psychological
domain was significantly higher (indicating a higher
impact on caregivers' emotional state) for caregivers
of people with DS compared with caregivers of minors
without any diagnosed disease.*” Another Spanish study
reported that 76.1% of caregivers experienced changes in
their mood."® A qualitative Japanese study reporting on
the emotional journey of caregivers of people with DS
highlighted some of the prevailing emotions depending
on the stage of the disease journey, with anxiety reported
at the time of diagnosis and in regard to the future, and
postdiagnosis many caregivers felt depressed when they
had to resign from their jobs.”® A 2011 multinational
study reported that 86% of parents acknowledged
experiencing grief regarding their child's condition, and
they expressed concern that physicians rarely discuss
with their patient's families the possibility of death from
SUDEP or status epilepticus.*® In a cross-sectional study
of caregivers from the DSF Support Group, 21 caregivers
(no percentage stated) reported SUDEP or death as one
of their top three concerns for the patient or family
after seizure control.* Despite almost one quarter of
caregivers in a Spanish study reporting “a lot” of mental
health problems in the CarerQoL-7D questionnaire, 90%
of caregivers felt “some” or “a lot” of fulfillment from
(:a.regiving.30

3.4 | Limitations of included studies

A total of six studies did not report caregiver charac-
teristics,!>!3171826:30 which represents a significant
limitation in study design, as understanding caregiver
demographics and roles is essential for accurately as-
sessing caregiver burden and its impact on outcomes
(Table S5). A small sample size (<30 caregivers of peo-
ple with DS) was reported in six studies'*'*****"2* and is
expected for studies of rare conditions. However, small
sample sizes may reduce the generalizability of the find-
ings and limit the statistical power of the analyses. One
study was a single-center study,'” and 12 articles did not
report single- or multicenter design. Some studies lacked
control groups, limiting comparison of the experiences
between caregivers of children with DS and those of car-
egivers of children with other conditions.?**" There was
potential recruitment bias, where caregivers who were
experiencing more severe symptoms or challenges may
have been more likely to participate.’* Characteristics of

Epilepsia*

people with DS were not reported for one study,”® and
some studies did not disclose the upper age limit of peo-
ple with DS'®%233% or the age range limits for children
with DS.'*'%%>27 Some studies used nonvalidated tools/
instruments or generic questionnaires to assess mental
health and quality of life, which may not capture the
specific challenges faced by caregivers of people with
DS.

Most caregivers in the majority of studies were female.
An SLR of 52 articles from three German cohorts reported
that mental health (with depressed mood or symptoms)
was worse for women than men, and that depression was
more likely to be present among women.>’ Therefore,
experiences of female caregivers may not reflect that of
male caregivers and could, thus, limit the applicability of
results to male caregivers.

Some studies were undertaken during the coronavirus
disease 2019 (COVID-19) pandemic (declared a global
pandemic on March 11, 2020).* The COVID-19 pandemic
has been reported to have impacted the mental health of
family caregivers, specifically related to increased levels
of anxiety and depression.”** As such, the COVID-19
pandemic may have affected the results of some of the
studies included in this SLR."*'*** Some of the included
studies were not limited to caregivers of people with DS;
one study also included caregivers of people with Lennox-
Gastaut syndrome and tuberous sclerosis complex,*® and
one study included caregivers of people with a variety of
rare epilepsy syndromes.'®

Findings from multinational studies might be
influenced by cultural and health care system differ-
ences, limiting the applicability of results to all care-
giver populations. Although this SLR consolidates data
from published studies undertaken in different coun-
tries, most were undertaken in Europe; there were no
published studies from Africa. Outcomes may differ
globally owing to regional customs/cultures/differences
regarding mental health and health care systems, and
there may be cultural differences regarding stigma asso-
ciated with mental health.

4,23,26

4 | DISCUSSION

Caregivers of people with DS consistently report sig-
nificant mental health struggles, including anxiety and
depression.®® This SLR, highlighting the mental health
impacts experienced by caregivers of people with DS,
found that only 20 studies fulfilled the inclusion criteria,
emphasizing the need for further assessment.

The prevalence of depression and anxiety among care-
givers varied widely and may reflect country/cultural-
related differences, restricted age groups of patients with
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DS (e.g., only <18years of age), and large differ-
ences in sample sizes (ranging from seven in Nabbout
et al.?? to 256 in Villas et al.*).

Stigmas associated with mental health are perva-
sive and complex issues that impact individuals and
communities globally.*® Most studies in this SLR were
European,13'15’18’21’22’24’25’27_30 with few Asian’l7,19,20
North American, and multinational studies.
Mental health outcomes of caregivers may have been
impacted by regional customs and/or cultures as well
as differences in health care systems. A study that used
data from the Stigma in Global Context-Mental Health
Study reported higher levels of stigma regarding mental
health in Eastern countries than in Western countries.’
However, data interpretation should be tempered, as
caregivers may have felt uncomfortable speaking about
their mental health experiences because of the asso-
ciated stigma and depending on their country of resi-
dence and/or cultural background. Stigma associated
with mental health is twofold; caregivers may avoid or
delay seeking support for their mental health because of
the associated stigma,*® which in turn may further exac-
erbate mental health issues. Addressing mental health
stigma as part of early support provided to caregivers
of people with DS may help to improve mental health
outcomes.

In most of the included studies, the mental health
burden of caregiving for children with DS was found to
predominantly fall on women,'? 1518720222426 particy-
larly mothers. This highlights the importance of con-
sidering gender when designing support programs and
interventions.

Several studies revealed a clear association between
fatigue, sleep quality, anxiety, and depression, although
directionality cannot be assigned. For instance, one study
showed that caregivers who reported elevated levels of
both anxiety and depression were significantly more likely
to have higher fatigue levels.'® Similarly, a separate study
found that caregivers with higher levels of anxiety were
significantly more likely to report at least moderate sleep
disturbances.*!

Emotional well-being was significantly affected by care-
giving for people with DS. One study reported that 76% of
caregivers experienced mood changes.'® Other studies in-
dicated feelings of helplessness, nervousness/impulsivity,
and hopelessness among caregivers.'*!*> These findings
suggest that supporting emotional well-being is essential
in caregiver intervention programs.

Significant protective factors were identified in a study
that reported caregivers with higher levels of cognition and
perceived companionship were significantly more likely
to have lower levels of fatigue and better sleep quality.'®
Per the PROMIS companionship short form used in the

14,15,22,23

12,16 4,23,26

study, companionship is defined as “perceived availability
of someone with whom to share enjoyable social activi-
ties such as visiting, talking, celebrations, etc.”*’ Greater
social support, including high-quality relationships, is sig-
nificantly associated with improved sleep outcomes**** as
is participating in social/leisure activities.**™* This find-
ing highlights the need to ensure caregivers have access
to high-quality support services, including encouraging
caregivers to maintain healthy personal relationships with
family and friends to ensure they get the respite needed to
safeguard their well-being.

No studies assessed the impact of SUDEP on the men-
tal health of caregivers. Although one study suggested
that unpredictability and worry of SUDEP and nocturnal
seizures affect caregivers' sleep patterns (based on the
findings that pediatric nocturnal seizures were associated
with caregiver sleep disturbance),'® and two studies men-
tioned caregiver concern regarding SUDEP,*?° these stud-
ies failed to make a direct association between the concept
of SUDEP and any specific mental health outcomes.
However, it should be noted that the approach to SUDEP
counseling has since evolved.*®*” Given the incidence
of SUDEP has been reported to be higher among people
with DS compared with the general population of people
with epilepsy,?® and is documented as the most common
cause of death among people with DS,*° the impact it
has on the mental health of caregivers warrants further
investigation.

A number of factors complicate data interpretation.
Age limits of people with DS were not clearly reported
in some of the included studies, which prevented inter-
pretation of how the age of the person with DS receiv-
ing care might impact caregiver mental health, further
highlighting the importance of collecting and reporting
comprehensive demographic data for people with DS
as well as their caregivers. There are also limited data
on the number of people with DS who reside at home
full-time or who reside within a nursing home or a
specialized facility for people with disabilities. The lat-
ter will undoubtedly impact results, as people with DS
who reside away from the home will likely be cared for
predominantly by employed health care professionals,
potentially allowing more respite to family caregivers,
which may positively affect the mental health burden of
unpaid caregivers.

For studies reported in this SLR that used the
BDI-I1'%%%2° and/or HADS'>?! instruments, the levels of a
caregiver's anxiety and depression over the past 1-2weeks
may not be generalizable to wider time frames or to all
caregivers. Results will likely differ over time and may
also depend on factors such as age and level of need of the
person with DS being cared for, the level of support care-
givers receive, and the amount of time spent caregiving.
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Additionally, given the diverse clinical manifestations of
DS and the range of severity and seizure types,’ caregivers
may feel less or more depressed and/or anxious depending
on their experience during the previous caregiving week.
Because seizure type and frequency as well as nonseizure
manifestations change over time,>! a better understand-
ing of the DS disease course over time could provide more
tailored support to caregivers depending on the age of the
person receiving care.

The use of depression and/or anxiety instruments
when used alone may predispose authors to focus on
these conditions and report on little else. Subjective mea-
sures have been used to assess mental health outcomes in
caregivers, and few studies have implemented analyses to
identify associations between outcomes.*'**' However,
subjective assessments may suggest causality/correlation,
which may not be upheld using objective measures, and
should be interpreted with caution. Future studies com-
bining both quantitative and qualitative methodologies
may enable deeper exploration into the complexities of
mental health and may capture additional outcomes that
validated instruments alone cannot provide. Incorporation
of objective measures could also provide valuable
behavioral-related data, for example, through implemen-
tation of polysomnography studies or use of wearable de-
vices to assess sleep quality. Depression and anxiety were
reported as symptoms rather than as clinical diagnoses.
Future studies should seek to understand what interven-
tions might help caregivers of people with DS with their
mental health and whether symptom severity rises to a
level requiring treatment.

The absence of a standardized, disease-specific tool for
evaluating caregiver mental health limits consistency and
comparability of findings and may overlook key aspects of
the caregiving experience specific to DS. This highlights
the need for the development and use of validated, stan-
dardized instruments tailored to evaluate the unique emo-
tional and psychological challenges faced by caregivers
of people with complex, rare conditions such as DS. The
development of such tools should be considered a priority
for future research.

This SLR is limited by the nature of the data reported
across studies. The data were heterogenous between stud-
ies, whether qualitative or quantitative in nature. Only
studies indexed in Embase or MEDLINE in Ovid were
included. Other databases (CINAHL, PsychINFO, Scopus,
Web of Science, Cochrane, Google Scholar, Emcare, etc.)
might have provided additional records. However, this was
a comprehensive SLR conducted using robust methodol-
ogy and in accordance with PRISMA guidelines, which
included both qualitative and quantitative data from pub-
lications not restricted by language, time, or country.

Epilepsia>

Psychosocial interventions for caregivers of people with
DS should focus on improving sleep quality, fatigue, and
stress and supporting emotional well-being through strat-
egies such as respite care and social support. Correlating
mental health outcomes with one another—or with addi-
tional factors such as the age of the person receiving care,
amount of time spent caregiving over a set period, and
other confounding psychological issues such as fatigue,
sleep impairment, and social isolation—could provide in-
sight into which factors have the biggest impact on men-
tal health and which could be best targeted for support. It
is likely that bidirectional relationships between mental
health outcomes exist; therefore, a more holistic approach
is needed to provide support for the mental health of care-
givers of people with DS.

The challenges identified in this SLR highlight the ur-
gent need for improvement on the part of primary care
providers and physicians to enquire about the mental
health of caregivers. Current practice should adopt sys-
tems whereby physicians routinely and proactively assess
the mental health of caregivers. The importance of patient
advocacy groups (PAGs) should also be highlighted, as re-
flected by the Caregiver Insight Survey, which reported
71% of caregivers changed neurologists/epileptologists
most commonly because of clinical expertise and trust,
often seeking information from trusted PAGs.>* A recent
Delphi consensus reported strong agreement for parents/
caregivers being given the contact details of DS PAGs,
along with DS-specific materials (brochures/guides/web-
sites) at the end of the first consultation.>® Despite these
recommendations, little is reported on the effects of PAG
support on the mental health of caregivers of people with
DS.

5 | CONCLUSIONS

Overall, this SLR provides a comprehensive and up-to-
date overview of the mental health impacts experienced
by caregivers of people with DS. Caregivers of people with
DS consistently report significant mental health strug-
gles, including mental health conditions such as depres-
sion and anxiety, and factors potentially associated with
mental health such as poor sleep quality, fatigue, stress,
and isolation. Additional studies on caregivers of people
with DS are required to further assess the impact of car-
egiving on mental health. There is a need for validated,
standardized instruments tailored to assess emotional
and psychological challenges experienced by caregivers
of people with DS, along with identification of interven-
tions and support systems that might help ease caregiver
burden.
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