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Abstract

This systematic review aimed to identify factors significantly associated with the occurrence of epilepsy in autistic indi-
viduals and to consider the impact of study quality on findings. Electronic databases were systematically searched on
October 2nd, 2020 and records retrieved were limited to those published from 2000 onwards. Study quality was catego-
rised as ‘good’, ‘moderate’ or ‘weak’. Fifty-three studies were included and in studies where the prevalence of epilepsy
was reported (n=257,892), 18,254 (7%) had co-occurring epilepsy. Intellectual disability/cognitive impairment was the
most commonly reported risk factor associated with occurrence of epilepsy in autistic individuals. The evidence support-
ing other, potentially relevant factors was weak and inconsistent and requires further evaluation. Only 9/53 studies were

considered ‘good’ quality.
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Medical comorbidities are more prevalent in autistic individ-
uals than those without autism (Kohane et al., 2012), espe-
cially neurological conditions (Pan et al., 2020) of which
epilepsy is the most common (Pan et al., 2020); affecting
between 12.1% and 17.2% (Lukmanji et al., 2019; Pan et
al., 2020) compared with 0.5-1% in the general population.
Prevalence estimates vary because studies have used dif-
ferent definitions of epilepsy/autism and assessment meth-
ods, but if epilepsy is present it is associated with increased
mortality (Hirvikoski et al., 2016) and relatively high health
care costs (Peacock et al., 2012). Studies of individuals with
epilepsy have also noted an increased prevalence of autism
(Strasser et al., 2018).
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Epilepsy is a disease of the brain typically defined by
the presence of two unprovoked (or reflex) seizures occur-
ring > 24 h apart or the presence of an epilepsy syndrome
(Fisher et al., 2014). The point prevalence of active epilepsy
is 6.38 per 1,000 persons while the lifetime prevalence was
7.60 per 1,000 persons (Fiest et al., 2017). The prevalence
and incidence rate of epilepsy are higher in low to middle
income countries (Fiest et al., 2017).

Understanding factors associated with the co-occurrence
of epilepsy in autistic individuals may improve identifica-
tion of epilepsy in autistic individuals and may also aid in
defining biological subtypes within autism and in the devel-
opment of specific targeted interventions (Tye et al., 2019).
A previous systematic review and meta-analysis under-
taken in 2008 noted that epilepsy in autistic individuals was
associated with the presence of intellectual disability and
female gender (Amiet et al., 2008). Since this review was
published new diagnostic criteria for autism have been pub-
lished (American Psychiatric Association, 2013). Addition-
ally, the prevalence and incidence of registered diagnoses of
autism have increased significantly (Lundstrom et al., 2015;
Russell et al., 2021) in the last 2 decades. These increases
likely reflect changes in reporting and how diagnoses are
applied and could have an impact on the reported associa-
tion between epilepsy and autism with respect to associated
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factors. Thus, the aim of the present systematic review is
to identify factors associated with the co-occurrence of epi-
lepsy in autism since 2000. The impact of the quality of the
studies assessed on the findings of the present review is also
assessed.

Methods
Search Strategy

The current methodology used is a systematic literature
review performed according to the Preferred Report-
ing Items for Systematic Reviews (PRISMA) guidelines
(Liberati et al., 2009; Moher et al., 2009). Electronic data-
bases PsycINFO, Medline, Web of Science, CINAHL and
Cochrane were systematically searched on October 2, 2020
using the following search terms: (autis* or ASD or PDD
or asperger® or pervasive developmental disorder*) com-
bined with the ‘autism spectrum disorder’ subject heading
and (epilep* or seizure*) combined with the ‘epilepsy’ sub-
ject heading. The records retrieved were limited to those
available in the English language and published from 2000
onwards. In addition to the electronic search, we conducted
a hand search of articles included from the electronic search
to identify articles that may not have been indexed in the
electronic databases.

Screening of abstracts and full text
articles

Records were initially screened by title and abstract by
two independent reviewers (CR and EZ) in Covidence
(https://app.covidence.org) and then by full text leading
to the final set of eligible papers. Predetermined exclu-
sion and inclusion used in both search stages are listed in
Supplement 1. Studies that included predominantly partic-
ipants with neurogenetic syndromes (e.g., Tuberous Scle-
rosis Complex, Dravet Syndrome, Rett Syndrome) known
to have a high association with intellectual disability and
the findings of these studies are presented separately (see
Supplement 9).

Data extraction

A data extraction form (Supplement 2) was developed to
obtain the sample characteristics and main outcomes linked
to the co-occurrence of epilepsy in autism in the eligible
papers. Details of all studies included in the present review
can be found in Table 1, and 2 referring to case-control
studies and observational/cohort/cross-sectional studies
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respectively. For the purposes of this review, case-control
studies were defined as studies that include at least two
distinct groups of participants, one with autism and one
without. Observational/cross-sectional/cohort studies are
defined as studies featuring autistic individuals only differ-
ing with regards to particular characteristics (such as age or
intellectual capacities) and compared in terms of the pres-
ence or lack of co-occurring epilepsy.

Study Quality

The quality of the studies reviewed was assessed by two
independent reviewers (EZ and CR) on the basis of the
National Institutes of Health (NIH) Quality Assessment
Tool for Case-Control studies and Observational, Cohort
and Cross-Sectional Studies (National Heart, Lung and
Blood institute, https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools accessed November 15th
2020). Results of the quality assessment including scoring
criteria are described in Tables 1 and 2 and Supplements 3
and 4 for observational/ cross sectional/cohort studies and
case control studies respectively.

Data synthesis

Data was synthesised based on Synthesis Without Meta-
analysis (SWIM) (Campbell et al., 2020) guidelines (see
SWIM checklist Supplement 5).

The factors chosen for inclusion in the synthesis were
based on a thorough reading of all full-text articles included
in the review by EZ and CR and a previous review and
meta-analysis (Amiet et al., 2008). In the absence of con-
sensus, inclusion was also discussed with the wider review
team. All included studies had to have at least one outcome
determined to be clinically relevant by the review team and
the outcome had to have been considered using standard sta-
tistical analysis.

All included studies were tabulated and in the tables
(Table 3, Supplement 7 or Supplement 8) it was indicated
whether or not the factor had been considered in statistical
analysis and if so whether it was found to be statistically
significant/not significant in relation to the occurrence of
epilepsy in autistic individuals. In all studies, factors associ-
ated with occurrence of epilepsy in autistic individuals were
deemed ‘statistically significant’ at the p<0.05 level.

Reporting of results in the text were prioritised first with
respect to total number of studies where the factor had been
considered and then with respect to the quality of these
studies.


https://app.covidence.org
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

3875

o1dureg paseg
poon 01 dOI 01 40T VN AN uorendod AN AN AN 098°981  SMEWUd 910T  [E 10 USSUAISLIY)
09V*'SYVO
QJEISPOIA DFH ‘A10ISTH [P ‘AT INSA %8S g  oduweg eorur;y WI-L2D) 9L (44 SIT LET Aoxymp, 910¢ Te 10 vy
SpI0dax
PIIYd ay3 ur _mcommmu.wota
QJEIOPOJN  [EOIPAUI B WO} JUSWIANE)S A-ATINSA %9°S vey  oldweg [eour) AN AN AN €LLL VSN 9107 Te 10 np
SpJoJal
YBOM MIIADY PI0OAY [BOIPIN  [BIIPIN “S INSA %E€T L1 ordueg reorury) AN €1 19 ¥L VSN L10T Te 10 9SIM
a1reuuorsanb
juared 29 19A130180
pue pyryo oy} jo
SMITAIdIUI [RITUI[)D)
‘SOqaV ‘Aroisty (IND L'0T :uots
[eruswdororaq -S01321 OU (JSV o
‘SUONIBAIISqO (4N 8071 :uorS
QRIOPOJN  arreuUONsONQ) Judred YL IP-ISVD AT NSA %S [T odweg [eowur)y  -s21321+ SV LT LST €IT VSN L10T Te 10 mopen
9JeIOPOIN 01 4oI 01 4ol %¥'ST 1€ ordureg [eorur[) (IN) ‘6T°S |82 091 10T eIpU L10C [e 0 IOy
OJEISPOIA] 6 a0l 6-a0I1 %L'Y yL79 oldweg [eowur) (L1-€) N $86'¥CT 6T8°LOL TLY'TEL vsSn 810 Te 30 Sueyz
sIoyne 3y} Aq IO paLl
-Ied SUONeUIWeXy [eIIPIN
29 uoneurwexy [eosrsojorg
QJEIOPOJN  ‘MIIADY SPIOIY [BIIPAIA SYVI ‘S INSA %9'8C 81 o[dweg [eour)) (89-12) ‘6'C L1 9 €9 ooueLy 610T ‘Te 30 101N
QJEISPOIA 01 4oI 01 4oI %T'S L$81  o[dweg [edtur[) (S9-¢)IN  OLI  $SS'8T 6T6°S€E eI[eNSnY 10T [e 0 Suemy
K10)STH BOLY
9JEIGPOJA [SIPIA % BIep DAH SINSd %E €l 0z ojdueg [eorur) (€1-¢) UN (44 9 98 mnos 6107 Tejo quie]
(sypuowr 09-61)
‘6" 1T “(sypuow
09-61) ‘8°€
1L zordures .
(sypuowr 09—61)
‘TS 1L (sypuow
D-S0av ojdweg paseq 09-61) ‘€ 1L
9JeIOPOIA spoday [eruared 04V AIINSA %81 4% Ayunuwo) '] odweg . 6 ¥$T €0€ udpomg 610 &30 uosdwoy],
d1reuuonsang) SYS
9JeIOPOIA Aqrure wsnny ‘OV ‘soav %81 Lg oldweg [eowur)) (81-0) “L¥'8 o €91 €0T BI[ENSOY  (ZOT  [E 10 UOISUIPPEAN
9JRISPOIN 01 doI 01 4OI %¥9T 6€T1  o[dures [edrur)y (S9<) N 0ISI  SLIE $89% VSN 020¢ Te 30 10w
(09< -
0€>) ‘sye¢
ar+dasyv e
ojdureg paseq  (09< - 0£>)L'9C
9JEIOPOIA 01 dDI ‘6 adI 01 % 6 ADI %961 SLY1 uonendod Jouoe qSVe  ILF v00D €ISL VSN 0207 Te 30 doysig
QJEISPOIA MITADY PI0IIY [EIIPIN ATINSA %8°ST 7Sy ordureg [eorur[) Q1<)‘TeT 919  10€T LI6T 3N 0T0T  [E 19 duUOqUIO]
Anrend (er1oy110) SJUSWINISU]  QJUI[BAIJ SS
Apmig uontuya(y Asdonidy  ymonmugeq qsy - Asdoqidg g+QSV  9amog ojdureg (rw) 4OV d N SSAsy  Anunoy X s1ogIny

Journal of Autism and Developmental Disorders (2023) 53:3873-3890

SOIPN}S [BUOT)OS-SSOII 29 1I0YOD ‘[BUOTIBAISSGO I0J SONSLIdoRIRY)) ApniS | djqel

pringer

As



Journal of Autism and Developmental Disorders (2023) 53:3873-3890

3876

JUOWISSISSY 1SVD orndoy
poonH [ed130[0INON “DFT % SAVO ‘01 A1 %C0S €01  ojdueg [eorur[) (s1-9) ‘01 09 Syl S0¢ 4o9z) L00T  [e 19 eAOYSO[SO
O1RIGPOIA €661 AV AIFWSA %ST €€ drdureg eorurd (ST—81)'+IT T 901 0€1 ueder 2007 eiel
saInzios payoaoxdun drow
10 7 :se paugoep Asdopidg
JUSISSISSE SUVD ‘soav
QJEIOPOJN  [EQISO[OINSU BIA PasouSeI(]  Y-IAV Al INSA %8'€1 ¢c  ordueg [eorury) 81-2) ‘9 6T 1€ 091 VSN 800T ‘e j0 Sty
0l ddI
9YeIopOIN 6861 AVl % dL-AI INSA %0¢S gz ordureg [earur|) (TL—67) ‘858t 14! 9¢ 0§ vSn 010T D e 10 g
01 dOI
9Ye1opOIN 6861 V11 2 YL-AIINSA %05 Sz ordweg eo)y  (7L-67) ‘858 4l 9¢ 0§ vsn 010¢ € '[e 10 IS
01 dOI
9JeISPOIN 6861 AVl 2 dL-AIINSA %08 G¢  o[dweg [eowur)) (TL-60) ‘858t 14! 9¢ 0S vsn 010c V T 10 g
SUVD (sreak
SJeIOPOJN  SPIOJ2I [BIIPIN PUB HHH YL-AIFINSA %6'¥C 98 o[dues eorury LE-T) *S°01 89 LLT SPE AT 010z e 10 IueI3Souireq
s9jou [esipawt 29 (syudred soav
poon oy 03) marasdyur Asdoprdy “4-1av ‘01 adI %cCT ¢¢  eydureg [eorury (95-92) 19°C¢€ 9% 0l 0SI 2N 110¢ ‘Te 30 uojjog
SJeISpOIN DA ‘Sp10931 [BIIPIN AINSA %L'L L1 o[dweg [eowur)) AN 4% S91 cce 021D T10T Te 39 LoAISA
SYNSaI HFY ‘Sp1odal
SJeISpOIN [E9IPIIA ‘siioday 1ualed AINSA %8°LT €¢  o[duweg [eorur|) (81-¢) ‘0¢'6 6¢ 6 1¢l Koy, Z10¢ JLEER LN
Asdondg
poohH Jo sisouger(] [edrur)) AINSA %L'8 81  ordueg [eorury) AN [43 9LT 80T uepam§ ¢10T ‘e 30 UosSqLH
SpI093Y e
SJeISPOIN MIIAIY PIOISY [BIPIN 6 dOI %CET 1441 duond9ry AN S801 6¥8¢ veov VSN v10T 1819 Zo[eA-IYsoq
(06'62-0) “SS™9
:ouofe SV
(8L'T€-0)6T°L
:sarnjedy oryd
SYRISPOIN MIIAIY PIOIY [BIPIN AINSA %8S ¢/ orduweg [eorui) -towskp+SV . 4! 6011 19C1 BUIYD #10T Te 10 Suopm
SUVO
SJeIoPOIN sprodor 10A1Sa1e0/JUSIE] ‘OSV ‘AT INSA %8°LT 8¢ ordweg [eorur)) (QIND ‘98°6 6¢ 0LT 60¢ ['zelg $10¢ ‘Te 39 yonyodg
(z€'81-89°T)
eI MIIAIY PIOISY [BIIPIN AIINSA %Y 65 09 o[dueg [eorur[) ‘90°L € 8L 101 vSn v10T ‘e 3o ueSiny
'Sueds YN /OdH «
(sosneo onjewoydwAs 9noe
0} anp ISOY} UBY} IAY)O)
pourad uroqmau ayy 193y
(a[11q9J® 10 9[11q9J) SAINZIOS
0M]]sB9] 1Y -uoniuye( « A-AIINSA %l°ce 0F ordweg reorury) (81-¢€) ‘0¢'6 6¢ 6 1Cl Koy, $10¢T ‘Te 19 qnjeS
SYVO “9edss (61-¢)
JUAWISSASSY AAd ‘€78 =uedw
e 6861 PU® [861 AVII ‘ATINSA %08 Gz ordweg [edrur)) [B10L 11 6¢ 0S BIPUT $10C ‘[e 30 BIRIqQOUS
9JeIoPOI €107 STHN 6 A1 %811 0¢ opdwegqeom)y  (1L-81) ‘€€ £9 761 SST Vs 910T ‘I8 10 BUNLIO
Anrend (er1oy110) SJUSWINISU]  QJUI[BAIJ SS
Apmig uontuya(y Asdonidy  ymonmugeq qsy - Asdoyidg g+QSV  9amog ojdureg (rw) 4OV d N SSAsy  Anunoy X s1ogIny

(penunuoo) | ajqeL

pringer

As



3877

Journal of Autism and Developmental Disorders (2023) 53:3873-3890

(100 01 ‘SOIUOIN-OID[IIA ‘@Ar) aseqeIe( YoIeasay] 20130eld [eIoUaD) oYL :qUdD

($107 ‘AoAIng MIIAIOU] I BAH [BUONEBN "SONISTIRIS YI[edH J0J 19Jua)) [RUONEN ) A2AING MIIAIIU] (3[eoH [euolleN €107 SIHN

(010T “Te 32 810¢) 6007500 “Asdoyidy 1sureSy angeor] [euoneuIdNU] :6007—S00T AV TI

(6861 ‘Asdoridy 1suredy ongeo [euoneuIdIu] ‘ASO[OUTULIQ], PUR UOTJBOYISSE[) U0 uoIsstwo))) Asdofidy 1suredy ongea [euoneurou] 6861 V11
(1861 ‘Asdoyidg jsuredy ongeo] [euoneurdiu] ‘A3o[oururia], pue uonedyIsse[) uo uoissrmwo))) Asdoqidy jsuredy ondeo| [euonjeutdu] ;1861 4V 11
(8L6T “Te 30 SnI3) ISI[O2YD MOTABYRY WSHNY DIV

(€00 “'Te 30 oUnUEBISUO))) 9[BIS SSAUIAISUOASIY [B100S :SYS

(1007 “1e 32 uoyo)-uoreq) uanond) wnnoadg wsnny :OSY

(S00¢ ‘unyyerds 29 Mopen) PasIadY ‘UONIPH Yy ‘KI0JULAUT UIP[IY) JUSISI[OPY PUE PIIYD “YH-ISVD

(0107 ‘uew[op ‘uerpuoSINOg UEA ‘19][doYdS) UONIPH PU0IAS D[e0S Funey WSHNY Pooyp[ry) z-SYVO

(0861 ‘Ted *SHIPAR(Q “IO[Yo1Y “10]doyog) d[eog Suney wsnny pooyp[ry) :SYVI

(6861 @pooD ‘1oNMY ‘pI0TT) S[NPAYSS UONBAIISqQ dnsouderd wsnny :SOAV

(7661 “Te 12 PI07T) PISIADY MIIAINU] dr3souSerq wsnuny Y-[qV

(€107 ‘uo1Ie100SSY JLIRIYIASJ UBOLIdUIY) UONIPH YIS ‘SIOPIOSI(] [BIUSJA JO [enUBA [BonISneIS pue dnsousel( ¢ INSA

(1661 ‘UOTIRIDOSSY OLIJBIYIASJ ULOLISWY) UOIIPH YN, ‘SIOPIOSI(] [BIUSJA JO [BNURA [BI1ISIIBIS pue dnsouder Al INSA

(L861 ‘UOTIRIOOSSY OLIJBIYOASJ UBOLIOULY) POSIADY UONIPH YIE ‘SIOPIOSI [BIUSIA JO [ENUBIA [BO1ISIIRIS pue onsouderq ~¥-¢ INSA

(2661 ‘uonezIueSIQ YiedH PO ) UONIPH YIQ] “OSLasI(] JO UOHEOYISSE]) [EUOIEUIANU] 10T 0]

(8L61 ‘uoneziue3IQ YiedH PO ) UOHIPH U6 “OSeasI(] JO UONEIYISSE[D) [EUONBUINU] 6 (DT

(IL61 ‘uonezrueSiQ YI[eSH PHOAN) UOIPH Yy “OseasI(] JO UONBIYISSe[)) [euonewIau] 8 4DI

o3e ueow jou 95e ULIPIWL, D[qLO

-11dde jJoN YN ‘partodarjoN YN ‘ozis ojdweg Asdoqidy pue SV :SS +ASV ‘ozis ojdwes SV:SS ASV ‘@3uey 1 ‘UBI ‘W ‘SO[ewd,] : ‘SO[RIN N 9zIs o[dwres SV :SS ASV TBA YA

3JeIdPOIN MITADY PI0ITY [EITPIN SAVO ‘Al NSA %6'1C 0¢  ordueg reorury)y @11 56 L1 6998 VSN000T Te 19 ST
SJEIOPOA elep DT ATINSA %TLT TSy ordures feorur) (S61-€0)°9  0€e  T0€T 1€9¢ uedef 7007 T30 ojouwnyseq
w0y
RLETNY uonEpI[EA 058D %9 (TUdD AT NS %9°T1 pe  orduweg reorur) AN 9 8€T V6T 3N F00T  [e 9 duuoquio]
LD ‘TIN ‘DA ‘SIS, »
SAINZIS
payoaoxdun uarIModI SUAVD
pooD  QI0UI IO OM[, :UODIUYS([ .  ATINSA ‘€ INSA %Y 9T 61 ordueg reorurr) (IT+) v0'6 ST LS TL A1 +00¢ Te 10 duoAeg
poon 1861 AV ODSIA ‘AINSA %8'6€ ¢y ordueg [eorur) (ov—L1) §°SC 03 LL 801 3N 00T e 10 uoss[dtue(Q
J-€ INSA ‘00SId o[duweg paseq
poon JUeWISSASSY [eOIPAIN 0T DI ‘Al INSA VN AN Arunuwo) (0v—L1) ‘s'sT 9¢ ¥8 S01 udpoms 00T e 32 1pals[iig
Aend (e1103110) SJUSWINISU] 9JUI[BAJIJ SS
Apmg uonuge Asdofidg  fuontuge Sy Asdopidg g+dsy  9omog sjdureg (1'w) 4oV d N SSAsV  Anuno)y YA sioyny

(ponunuoo) | 3jqeL

pringer

As



Journal of Autism and Developmental Disorders (2023) 53:3873-3890

3878

Al
NS ‘soav ordureg
91eIoPON Aroysty [eotur)y -1av %b'6 S8 [eorur) - opdureg [eorur[) 8 (AN)089 AN AN €06 vsn 910z e doysig
K10)STH{
[BOIPOIA 9ALIIOI 0) -1av
MITAIU] ‘soav ordureg s3urqrs
21BIOPOIN aAnadsonoy ‘AT NSA %811 L alinite] pajodgyeun 091 (BI-0)‘8¥'8 €L L.y 019 AN 9107 T8I0 9NDIN
S00T VI % st
-SSosse [e0130[0INAU
BIA PIssasse (s1eak ¢ IN)
03 dn) poriad [ooyos ‘LTTOo1
-a1d 03 pauyuoo :Asdog
JOU 219M Asdonida -dg+ sy .
ﬁmﬂu m@uSN«Dm Ozhn—om A- 1AV Oﬁﬂamm wﬁm.ﬁ:ﬂooooo AMZV nthw BAIOD]
-uou aI0ur 10 0M]}, ‘SUVD %¢EEE [44 [edruid mnoym dsyv vy :Auo SV . C 79 99 pnos 910¢ e 03
ordureg s[onuo) ‘e
9JeIpON 01 10 8 dDI 6 dDI %9'17C 6¢ [edIUI[) Ayyeoy 9¢¢  (S1-D‘6Y €€ ¢8 811 prewued 910¢C USSPLINOIA
et
;9181
0Udp
-10UI) paseg sjonuo))
SIBIdPOIN d-6 ADI d-6dD1 VN AN uonendog Ayiresq 0€SL  (81-0) ‘6L 0091  0€6S  0€SL uemle], 910C ‘el ng
(soav
‘00s ‘(¥
-ISVD) so[eds
Suner dsv
‘SUONBAIISQO
10A139180
oy} yim
(800€ "I 10 mopeD) MOTATONU]
Q1reUUONSAN() sHud [earur|)
-Ied pue SuonIpuo)) ‘K10)STH 183 S[e1Iyoy
onewos pue  -udwdo[oAdq ordureg AneryoAsq
qeoA\  S9jE[ALIOD) [edIUl[D) ‘AT INSA %EL 194 ety aneding €59  (81-9)°s’6 €01 98y 68S vSn LI0T ‘Te 30 I19qam
pasegq s[onuo) (eSues
9JeIPON I 0T DI ODS ‘s INSd %S 7z uonendog Ayyesy 6S0VL  TI—£)‘0T'8 9 Il 6l BUIYD 610C ‘e 30 Sueyyz
(9°0¢-8-S1)
‘Tee
‘dl+dsyv e
(S°LT-L91)
ordureg ‘1°CC ouo[e
SJeISpON A103s1Y] [EOIUID) S INSd %8'L 01 [edwy i yHm sinpy 124! dsyVv - 61 601 8zl asode3urs (0z0T ‘Te 39 UOON
sjuawInnsuf
Aiend (e1193110) JUONIUYS(] 9OUS[BAIJ SS 3010 SS
Apmg  wonruge( Asdoqidyg asv Asdopdg g+asv ordureg A9%e) §OO  (MDuwgoy A W dsy Anuno) Iedx s1ogIny

SOIPN)S [OIJUOD ISED I0J SONSLIdJORIRYD APMIS ¢ 3|qeL

pringer

As



3879

Journal of Autism and Developmental Disorders (2023) 53:3873-3890

(5007 ‘urjyeIds 79 mopeD) PaSIANY ‘UONIPH iy ‘AIOISAUT USIP[IY) JUIISI[OPY PUL PIIYD *YH-ISVDI
(6661 “TB 19 JUdWNIdE) dITRUUOI)SON() UOHBITUNWWO)) [B100S :0DS

AMOON Jm 19 OﬁﬁﬁﬁmcoUv Q_wow mm@ﬁozmcommoﬁ ?&oow SYUS
(0861 “Ted ‘SHIPARQ “Io[yd1ay “19[doyog) s[edos Suney wsnny pooyp[iy) :SYVO
Amwm~ hoﬁuoomu ,.ﬁuﬁzm JUHOAV Es_uoﬂow Goﬁm\wuomn_o oEmOGmQQ Emﬁﬁ< Soav
(#661 “Te 10 PI0TT) PISIADY MIIAIU] dnsouerq wsnny J-Iqyv
Amﬁom nﬂoﬁfoommae~ oﬂbwmﬂo%mm SwOC@E«QQ :eﬁﬂum— QHW nmgoﬁuOmMQ Tﬁﬁoz mo Tw_\:.:wz ﬁmoﬁmﬁw&m tﬁw oﬁmoﬁuwﬁﬂ ¢ NS
Cumm~ n:oﬁm_oOmmaﬂ o_‘:.mmr_o%m& Cmufogaﬂv coﬁ_ﬁm ::u AmuoUhOme _muﬂoz mo _.m.D:mE _moﬁmﬁmam UC& oﬁmocwwma ‘Al EmQ
7661 mﬁOENNﬂﬁmwuo 1e3H PJIOM ) UonIpyH Yiol aomwmmﬂﬂ 0 uonedyIsse[) jeuoneutuy 0l dDI
ezl UI[edH Pl HIpA Y I(J JO uoIEOYISSE[) [eUOl
161 ‘uonieziue310 YI[eOH PIOA) UONIPH Yl ‘OSeasi(] JO UOIIBOYISSE])) [BUOIBUINU] 6 (DI
8L61 ‘uonezIuediQ yIesH pi IpH Yi6 I(J JO UOIIBOYISSE[) [BUOI 6 ddD
1,61 ‘uoniezriueSi0 YiesH PHIOA\) UODIPH Y38 ‘9SBISI(T JO UOIBOYISSL)) [BUOIIBUINU] ] (ID]
ezl YI[edH P pH Y I JO uonEOyISSE]) [eUol

grqeorjdde JoN 1¥N ‘porrodarjou YN ‘0dAy
dnoi3 jonuo) ;10 ‘oz1s dnoid jonuo) :s0) ‘oz1s ojdwreg Asdopidg pue qSV =SS A+ SV ‘9z1s ojdwes SV :SS ASV OFuey I ‘UBIA (W ‘SI[BWL] o ‘SI[BIN N ‘9z1s 9jdwres SV :SS ASV »

JeoX =Y A
ojdureg s[onuo) (€Ls—€LD)

SJelopoN 8 dDI 8 dDI %9 6C [edruI s Apresy 9¢¢e ‘L'ty €€ S8 811 ewusd ¢[0T Te s UsspLNO
MITADY ojdwes uelq 218D YIESH

SJelopoN SPI039Y [BSIPIN 6 dDI %LCl €901 [eatul[y U0 ASV-UON €8€p9¥ T (LI-T) N #¥91  +¥SL9  86€8 VSN CI0T  'Te19 qdo03edd
Asdoqido

paseq SuLIN00009 Te 19

SBISPON 01 dOI 01 dd1 %6'¢ ¥91  uonendog moym gsv 9101 AN 6yl Teve 08Iy prewusg €[0T USSPLINOIAN
Asdonida
s3uip10v01 DAY D-SOaV ordweg Su11IN59009

SJelopoON 6861 ‘1861 AVl L-AIINSA %C'8C 8¢ [edtuI )y jnoym dsv vel (8TOTL  TE YLl 90T A €10 ‘Te 39 OAJRA
oseqeje(] [BOIPIIN poseq ue[d o1e)) Y[EOH

poon Ul s9pod onsoudelq 6 dOI %9'L yssz  uonendog Uo @SV-UON 9.8 ‘€1 (0T—0) N 9809 6LY'LT S9S°€€ vsn v10¢ ‘Te 19 uref
Asdopida
01 paseq SuLLIN9009

poonH 01 ddI‘6dDI  adI ‘6 AdI %l'L zi¢ uonemdog moym gsv 87581 AN AN AN €6ty PUe[UL] $[0T ‘[ I° BIUBINOL

SsjuowIn)suy
Airend (eroy110) JUONTUG(] QIU[RAIJ SS 901n0Y SS
Apmg  uonmuge(y Asdoyidg asv  Asdopdg g+dsv ojdueg Afs%e) §OO Muwgny A N dSVy Anuno) Jedx sioginy

(ponunuoo) g a|qey

pringer

As



Journal of Autism and Developmental Disorders (2023) 53:3873-3890

3880

J1IUAD) [BOIPAIN = D/IA ‘S[IIS [8100S =SS ‘Sunyem pake[do =M ‘@8en3ueT=DN VT ‘UOISSOIZoI= DT Y ‘SIUIPIOY /SoLIN[U] = V/] ‘So1SLI0}o.

-rey) A[iwed = D4 10pUSD = ND KN[1qesI( [eNIO[II] /]9AS] SAINUS0) =T ‘SIOPIOSIP OLIRIYIASJ /SIOPIOSI(] [BIOIARYIE = (Ad /A FUDIYIUBIS 10N = DISN ‘TUPIYIUBIS = DIS SUOLDIA2AGqY

QWINAJI] JOU JUILIND) 4

DISN 00T “[8 72 duUuoquIo

OIS 00T ‘e 30 suoAed

DIS $00T ‘[e 30 uossperueq

DIS L00T ‘Te 1R IpAas[ig

DISN DISN DISN DIS L00T eleHq
DIS DIS L00T ‘T 32 eAOYS[O[SO

DISN 800¢C ‘[ 30 Sury

DISN 010C g Te 30 prug

DISN 010C V T8 30 s

OIS DIS OIS DISN OIS 0102 ‘[e 39 Tuerggounied
DIS DIS DIS 110T ‘[e 32 uojjog

DISN 414 ‘T8 19 LIDAIDA

DISN 10T ‘[& 39 USSPLINOA

DIS 414 ‘Te 19 3nes
DIS DIS €10T ‘[& 30 uossyuyg

DISN DISN DIS DIS €10C ‘TB 39 OATRA

DISN £10T ‘[® 19 USSPLINOIA!

OISN 10T Te 32 yonyog
DISN ¥10C ‘Te 19 Z3[aA-Tgsoq

DIS 10T ‘Te 10 uref

DIS ¥10C ‘[e 30 JuRIB{Of

OIS 710 Te 30 UeSIMN

10T ‘Te 39 ynes

DIS DIS S10T ‘Te 19 ejRIqNYS

DIS 910¢ ‘[e 30 BUMIO]

DISN 9107 ‘e 30 doystg
DIS 910¢C UOSPLINON

DIS 910¢C ‘[B 19 USUdISLIYD)

DISN 910C Te 10 mAy

DIS 910¢C ANDON

DIS 910¢ TeRnm

OIS 910¢ ‘e 0y

DISN DISN DISN DIS DISN 910¢ ‘e ng
DIS L10T ‘Te 3° mopenH

DISN DISN DISN DISN DIS L10T JLRERELCIY

DISN DIS DISN 810C Ie 30 Sueyz

DISN DIS 610C ‘Te o que]

DISN 610¢C ‘Te 32 uosdwoy] ],

OIS DIS 610C ‘[e 10 Sueyz

DIS 020 UOOJN

DIS 020t ‘Te 19 srow(In

DIS DIS DIS 020¢ ‘Te 12 doysig

DISN 0202 ‘[B 30 dUUOquIO,{

ma OIN SS DNV DY V1 od 4OV NAD ar/1o ad/ad AVEA stoyny

wsnne ut Asda[1da Jo 90u01IN920-00 9} 0} PadUI| SI0Joe € d|qel

pringer

As



Journal of Autism and Developmental Disorders (2023) 53:3873-3890

3881

Results
Search results

The initial search led to a total of 10,313 records, de-dupli-
cated to 3,587, that were initially screened by two review-
ers EZ and CR for relevance by ‘title’ and ‘abstract’. Of
these, 3,077 were excluded while 510 were further assessed
by full text against the exclusion and inclusion criteria (see
Supplement 1). From this full text screening, 457 papers
were excluded while the remaining 53 were deemed eligible
for the present systematic review. A PRISMA diagram of
the search and screening stages along with the reasons for
exclusion are detailed in Fig. 1. The PRISMA checklist is in
Supplement 6.

Study characteristics

The 53 studies included in the present review included a
total of 452,743 autistic individuals. Studies used the DSM-
IV (n=29) followed by the ICD-10 (n=13), ICD-9 (n=9),
and the DSM-5 (n=5) criteria to define the presence of
autism, with some studies reporting multiple measures. Two
studies (Billstedt et al., 2007; Pavone et al., 2004) used the
DSM-III and one (Mouridsen et al., 2012) used the ICD-8.

All studies included more males than females. Three
studies did not report on the gender distribution of the
sample. From those that did, 67% were male (n=90,934)
while 33% were female (n=45,423). Of the autistic indi-
viduals where the prevalence of epilepsy was reported
(n=257,892), 18,254 (7%) had co-occurring epilepsy. In
studies which focussed on children with neurogenetic syn-
dromes the prevalence of epilepsy in autistic individuals
(n=5,145) was 26%, highlighting that children with these
syndromes are a particularly high-risk group for having co-
occurring epilepsy.

Criteria used in the diagnosis of epilepsy included the
ICD-8 (n=2), the ICD-9 (n=4), the ICD-10 (n=9), Interna-
tional League Against Epilepsy (ILAE) 1981 criteria (n=3),
ILAE 1989 criteria (n=5), ILAE (1993) (n=1), ILAE 2005
criteria (n=1) criteria, parent questionnaires (n=6) and
reviews of the patients’ medical data, clinical histories and
EEG (n=26), with some studies employing more than one
method.

Studies were undertaken in 20 different countries across
five continents: North America (19 studies), Europe (18
studies), Asia (12 studies), Oceania (2 studies) and Africa
(1 study). The most common country was the USA (19 stud-
ies), followed by Denmark (4 studies) and the UK (4 stud-
ies). In one study the location was not specified.

Ten studies included adult participants only (19 years or
older); 22 studies included child participants only (aged 18

years or younger); and 12 studies included both child and
adult participants. In nine studies, participant mean age and
range were not reported.

Study characteristics can be found in detail in Tables 1
and 2 referring to case-control studies and observational/
cohort/cross-sectional studies respectively.

Quality Assessment

Of the 39 observational, cohort and cross-sectional stud-
ies, seven were rated as ‘good’, 27 as ‘moderate’ and five
as ‘weak’. The limited timeframe and lack of sample size
justification were the most common reasons contributing to
‘moderate’ and ‘weak’ ratings in most studies (see supple-
ment 3). Of the 14 case control studies, two were rated as
‘good’, 11 were rated as ‘moderate’ while the remaining one
was deemed ‘weak’. All case control studies lacked sample
size justification and blinding (see supplement 4). Detailed
results of the quality assessments for observational, cohort
and cross-sectional studies and case control studies can be
found in supplements 3 and 4 respectively.

Factors Associated with the co-occurrence of
Epilepsy and Autism

Details on the factors associated with the co-occurrence of
epilepsy and autism can be found in Table 3. Factors are
included in the table if they were considered in three or more
studies. All factors considered including those only consid-
ered in one or two studies are available in supplement 7.

The most frequently considered factor was cognitive
level and the presence of intellectual disability (13 studies),
followed by gender (12 studies), history of developmental
regression (9 studies), the presence of behavioral/psychi-
atric disorder(s) (7 studies), chronological age (8 studies),
injuries/accidents (5 studies) and language (6 studies).
Medical/Genetic factors were considered in four studies.
Social skills, delayed walking, and family characteristics
were considered in three studies. These are described in
more detail below. All other factors were considered in two
or fewer studies.

Level of Cognition or Presence of Intellectual
Disability

Lowered cognitive level or the presence of intellectual dis-
ability (ID) was significantly associated with occurrence
of epilepsy in 12 of 13 studies where it was considered.
The one study where the presence of epilepsy in autistic
people was not found to be significantly associated with
ID/level of cognition was Ververi et al., (2012). In this
study of 222 autistic children aged 1.5-9 years, 17 (8%)
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Fig. 1 Prisma Diagram Search process for studies focusing on factors associated with epilepsy in autism

had epilepsy and 51 (23%) children had ID. In nine of the
11 studies which found a significant association between
epilepsy and ID/Lower level of cognition, the relation-
ship was between presence of epilepsy and ID typically
defined as IQ <70 or as ID recorded in medical registers.
In one study which did not employ ID status, Bolton et
al., (2011) found that autistic people with epilepsy had
significantly lower nonverbal ability 1Q as measured by

@ Springer

Ravens Matrices (Raven & Court, 1986) than autistic peo-
ple without epilepsy. Additionally, Pavone et al., (2004)
reported that in autistic children and young adults (4-21
years), epilepsy was significantly more common in indi-
viduals with IQ <55 compared with IQ > 55. Parmeggiani
et al., (2010) reported that autistic adults and children were
more likely to have severe/profound ID (IQ less than 35)
than autistic children and adults without epilepsy. Two
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other studies also reported that epilepsy was significantly
more common in individuals with a greater degree of intel-
lectual disability. Danielsson et al., (2005) reported that
the cognitive level was significantly lower in adults with
epilepsy compared to those without. Among the autistic
people with severe ID (IQ <50), 48% had epilepsy com-
pared with 20% with Mild ID (50—69) and 17% in autistic
people without ID (IQ < 70) in this study. Jokiranta et al.,
(2014) noted that the risk for epilepsy in autistic people
significantly increased among more severe cases of ID.
Four of the thirteen studies which considered the role of
ID/ lowered cognition were considered ‘good’ quality and
in all of these studies a lower level of cognition or the pres-
ence of ID was associated with an increased occurrence of
epilepsy in autistic individuals.

Gender

Gender was a significantly associated with the occurrence
of epilepsy in six of 12 studies. For all significant findings
with the exception of one study, female gender was associ-
ated with an increased risk of the occurrence of epilepsy
in autistic individuals. The one exception was Wu et al.,
(2016) who found an increased risk for epilepsy in males
with autism. Study quality was deemed ‘good’ in two of the
studies with significant findings (both showed an increased
occurrence of epilepsy in female autistic individuals) and
‘moderate’ in the other studies with significant findings.

Developmental Regression

The presence of developmental regression was significantly
associated with an increased occurrence of epilepsy in autis-
tic individuals in three of nine studies and not significantly
associated in the other six studies. One of the studies which
found an increased occurrence of epilepsy in autistic indi-
viduals had a ‘good’ rating whilst the other two had a ‘mod-
erate’ rating.

Behavioral/Psychiatric Disorders

The presence of additional behavioral or psychiatric disor-
ders were significantly associated with having epilepsy for
autistic individuals in two of the six studies where it was
considered. With respect to the type of behavioral/psychi-
atric disorders considered, the studies tended to combine
disorders or included results of broad-based rating scales so
no clear patterns with respect to which type of difficulty/
disorder might be associated with an increased occurrence
of epilepsy in autism were evident. One of the studies which
considered the presence of behavioral/psychiatric disorders
was considered ‘good’ and it found a significantly increased

occurrence of epilepsy in autistic individuals with addi-
tional behavioral/psychiatric disorders.

Chronological age

Chronological age was significantly associated with the
occurrence of epilepsy in autistic individuals in six of eight
studies where it was considered. In five studies increasing
age was associated with an increased occurrence of epi-
lepsy in autistic indivdiuals. Two of these studies focused
on child populations, two on adult populations and one on
a mixed child/adult population. Zhang et al., (2018) found
that autistic children aged between 13 and 17 years were
more likely to have epilepsy compared with younger chil-
dren (under 13). McCue et al., (2016) conducted analysis
of data from a registry based retrospective cohort study of
731 autistic children (2—18 years) and increasing age was
significantly associated with the presence of non-febrile
(i.e. epileptic) seizures. Fortuna et al. (2016) collected
cross-sectional data on 255 autistic adults aged 18 to 71.
Compared to younger autistic adults (aged 18-29), autis-
tic adults aged 40 years and older had an increased preva-
lence of epilepsy but not compared with those aged 30-39.
Bishop et al., (2020) found that for autistic adults there was
increasing prevalence with increasing age (until the old-
est category (60 years+) in which death likely attenuated
estimates. There was however, no association between age
and epilepsy prevalence in autistic adults without ID. Par-
meggiani et al., (2010) included both autistic adults and
children (aged 2—37 years) and noted and a significant asso-
ciation between epilepsy and increasing age. In one study,
younger age (3-Syears as opposed to 7-9 and 10-12years)
was more strongly associated with an increased occurrence
of epilepsy (Zhang et al., 2019). None of the studies which
considered age received a ‘good’ quality rating. Interest-
ingly, Hara (2007) noted that the median age for epilepsy
onset in a sample of 130 autistic adults (18-35 years) was
14 years whilst Parmeggiani et al., (2010) suggested that
age of onset of seizures had two peaks (0-5 years and
between 10 and 15 years). However, no statistical analyses
were reported for these findings.

Injuries/Accidents

The presence of injuries or accidents was significant in two
of the five studies where it was considered and not signifi-
cant in the other three studies. In the two studies where it
was significant there was an association between the pres-
ence of accidents/injures and an increased risk for epilepsy
in autistic individuals. One of the studies where an increased
risk for epilepsy was found had a ‘good’ rating whilst the
other four studies were ‘moderate’ or ‘weak’.
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Language Difficulties

Difficulties with language was associated with the occur-
rence of epilepsy in autistic individuals in three of the four
studies where it was considered. Two of these three stud-
ies where a significant association with language difficul-
ties and the occurrence of epilepsy in autistic individuals
was found were considered ‘good’ quality and both noted
a significant relationship between language difficulties and
the co-occurrence of epilepsy and autism. Bolton et al.,
(2011) followed up 150 autistic individuals diagnosed in
childhood at 21 +years. 33 (22%) had developed epilepsy.
Language was measured via items from the ADI-R (Rutter
et al., 2003) including ‘loss of language skills’and ‘over-
all level of language’, and the British Picture Vocabulary
Scale (BPVS) (Dunn et al. 1982). Epilepsy was significantly
more common in individuals with very limited overall level
of language and those who had significantly lower verbal
ability measured using the BPVS. Oslejeskova et al. (2007)
reported on 205 autistic children of whom 64 (31%) had
epileptic seizures. Categorization of speech impairment was
performed in collaboration with a speech therapist. Epilepsy
in autistic children was associated with delay in develop-
ment of speech as well as with severe language impairment /
no development of speech. Shubrata et al., (2015) found that
the autistic with children with epilepsy had a greater level
of impairment on the Speech and Language domain of the
PDD Assessment scale (Grossman R. The PDD Assessment
Scale/screening questionnaire 2000 (Available at: http://
www.infantsandchildren.net/wp-content/uploads/2009/06/
website-autism-formfinal2.pdf) than autistic children with-
out epilepsy. However, Valvo et al. (2016) did not find a
relationship between the presence of epilepsy and expres-
sive language development assessed through clinical obser-
vation in autistic people (2-21years).

Delayed Walking

Delayed walking was found to be significantly associated
with the occurrence of epilepsy in autistic individuals in one
of the three studies where it was considered. Bishop et al.,
(2016) measured delayed walking using information about
age of walking from question 5 on the ADI-R (Rutter et al.,
2003) which asks “At what age did [subject] walk without
holding on?”. Delayed walking was not associated with
presence of seizures in the autistic individuals (aged 4—12
years). Saltik et al.’s (2012) definition of delayed walking
was based on data from medical records and parental inter-
views. Autistic people with epilepsy (34%) had a higher rate
of delay in onset of independent walking (later than age 18
months) as compared to autistic people without epilepsy
(14%). Hara (2007) did not find a relationship between ‘age

@ Springer

of walking alone’ and occurrence of epilepsy in autistic
adults. All three studies received a ‘moderate’ quality rating.

Social Skills

A greater level of impaired social skills in autistic indi-
viduals was associated with an increased occurrence of
epilepsy in all three studies where it was considered and
one of these studies received a good quality rating. Ko et
al., (2016) found that autistic children with epilepsy scored
significantly higher on the total score of the Social Respon-
siveness Scale (SRS; Constanino et al. 2003) than autistic
children without epilepsy. Similarly, Shubrata et al., (2015)
found that the autistic children with epilepsy had a greater
level of impairment on the Social interaction subscale of the
PDD Assessment scale (Grossman R. The PDD Assessment
Scale/screening questionnaire 2000 (Available at: http://
www.infantsandchildren.net/wp-content/uploads/2009/06/
website-autism-formfinal2.pdf). Billstedt et al., (2007)
found that presence of early onset epilepsy was associated
with more impairment on the social interaction items of the
DISCO (Diagnostic Interview for Social and Communica-
tion disorders; Wing et al. 2002) interview in a follow-up
study of autistic adults diagnosed with autism as children.

Family characteristics

Family characteristics were considered in three studies and
found to be significant in two studies one of which received
a ‘good’ quality rating. In one of the studies with signifi-
cant findings, an older sibling having autism, an older sib-
ling having epilepsy or an older sibling having both autism
and autism were significantly linked to the co-occurrence of
epilepsy in autistic individuals (Christensen et al., 2016). In
the other study family history of seizures was significantly
associated with the co-occurrence of epilepsy (Valvo et al.,
2013).

Medical/Genetic factors and Epilepsy in autistic
individuals with Neurogenetic Conditions

Medical/Genetic Factors were considered in four studies
and were found to be significant in one study. Parmeggiani
et al., (2010) found that autistic children and adults with
epilepsy had a significantly greater occurrence in cerebral
lesions than those without epilepsy. Hara (2007) did not find
that birth weight was associated with the co-occurrence of
autism and epilepsy, whilst Su et al., (2016) did not find
the presence of meningitis and Schuch et al., (2014) the
presence of B3 integrin gene variants significantly associ-
ated with the co-occurrence. Details of studies where epi-
lepsy was reported in autistic individuals with neurogenetic
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conditions are in supplement 9. The only factor found to
be significantly associated with the co-occurrence was the
presence of intellectual disability or lower cognitive level.

Factors found to be significantly associated with
the occurrence of epilepsy in autistic individuals in
‘good’ quality studies

All factors associated with the occurrence of epilepsy in
individuals with autism in ‘good’ quality studies are shown
in supplement 8. Regarding factors considered in less than
two ‘good’ quality studies, a significant association between
occurrence with epilepsy in autistic individuals was found
for severity of autism symptoms (Pavone et al., 2004),
increased hospitalisations (Jain et al., 2014) and lowered
adaptive behavior (Danielsson et al., 2005).

Discussion

The results of this systematic review suggest that having an
intellectual disability or cognitive impairment is the most
well-studied and the most frequently associated factor with
the occurrence of epilepsy in autistic individuals. A range of
other outcomes including female gender, presence of psy-
chiatric/behavioral disorders and older age have been found
to be associated with the occurrence, but not in all studies
where they have been considered. Additionally, some fea-
tures including language difficulties and a greater degree of
social impairment have been considered less frequently but
have been found to be associated with the occurrence in most
of the studies where they have been considered. However,
these associations were almost universally considered in the
absence of attention to the role of intellectual functioning.
In general, study quality was frequently ‘weak’ or ‘moder-
ate’ meaning that there is a need for more robust designs
including longitudinal studies to better elucidate why cer-
tain autistic individuals are at higher risk for epilepsy.

The increased association between epilepsy and autism
in individuals with intellectual disability was noted in a pre-
vious systematic review (Amiet et al., 2008). When epilepsy
and autism coexist, they likely share common pathophysi-
ological mechanisms (Tuchman, 2017), and it is also likely
that the occurrence of the two conditions in individuals with
intellectual disability involves shared mechanisms for all
three conditions (Tuchman, 2017). The mechanisms under-
lying the increased risks for the co-occurrence of the three
conditions are likely to include both environmental and
genetic factors (Besag, 2018). We identified a much higher
prevalence of epilepsy in autistic individuals who have neu-
rogenetic syndromes associated with intellectual disabil-
ity (Supplement 9) highlighting that children with genetic

syndromes associated with both autism and intellectual dis-
ability are a particularly high-risk group for co-occurring
epilepsy. This is likely to reflect a shared pathophysiology
and impact on early brain development manifesting as epi-
lepsy, autism and intellectual disability. Studies of these
conditions have revealed that in some cases early treat-
ments may reduce seizures and intellectual impairments
(O’Callaghan et al. 2018; Kotulska et al., 2021) but as of yet
there is little data regarding autistic symptoms.

Males are at higher risk for autism than females, but
this higher risk is attenuated in individuals with epilepsy
(Lukmanji et al., 2019). The results of the current study
suggest that female gender may even be a risk factor for
the occurrence of epilepsy in individuals with autism. An
issue with regard to gender distribution in populations of
autistic individuals is the increasing recognition that autistic
females have historically been under recognized (Mandy et
al., 2012) and this could lead to ascertainment bias in that
autistic males are more likely to be diagnosed than females
(Schuck et al., 2019). This under recognition of females
may also impact the gender distribution with respect to the
co-occurrence of both epilepsy and autism.

The co-occurrence of behavioral/psychiatric disorders
in individuals with autism is common, affecting more than
70% of individuals with autism (Simonoff et al., 2008), and
results of the current review suggest that this occurrence
may also increase the risk for epilepsy. Studies have pre-
dominantly not focused on individual psychiatric/behavioral
disorders, so it is not clear if it is a general risk or a more spe-
cific risk. Studies of individuals with ADHD suggest a simi-
lar or slightly increased occurrence for epilepsy compared
to the non-ADHD population (Socanksi et al. 2013; Davis
et al., 2010) but the prevalence is lower than that observed
in autistic individuals. Reasons for the higher prevalence of
epilepsy in autism compared with ADHD could include that
the genetic risk for autism and epilepsy is shared with intel-
lectual disability whereas the risk for ADHD and epilepsy is
somewhat different. It will, therefore, be useful to consider
the occurrence of epilepsy in individuals with both autism
and ADHD as opposed to just autism alone whilst also con-
sidering the role of intellectual functioning. Future studies
should also examine the association between epilepsy and
autism with respect to disorders such as depression likely to
emerge in older children and adults.

It has been claimed that ‘developmental regression’
occurs in approximately one in five autistic individuals and
in half of these the ‘regression’ is from typical development
(Thompson et al. 2019). Developmental regression was sig-
nificantly associated with occurrence of epilepsy in three
of nine studies in the current review. Differences between
study samples but also definitions of regression may have
led to this mixed finding. It is important that in future studies
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‘regression’ is clearly defined to identify whether children
with autism who lose or have lost skills have an increased
occurrence of epilepsy.

In the current study increasing age was found to be asso-
ciated with an increased risk for the occurrence of epilepsy
in some but not all studies where it was considered. It has
been suggested that there may be two peak periods for the
development of epilepsy in autism, namely early childhood
and adolescence (Hara et al. 2006; Parmegiani et al. 2010),
although this second peak in adolescence was not noted in
one longitudinal study (Danielsson et al., 2005). Differences
between findings are likely to reflect study design but also
definitions of both epilepsy and ‘remission’ from epilepsy.
More longitudinal studies, which employ accepted defini-
tions of epilepsy and remission, but which also track autism
symptoms over time are needed to determine if age of onset
of epilepsy in the autistic population is actually different
from the onset of epilepsy in the non-autistic population.

Difficulties in language or verbal abilities was signifi-
cantly associated with the occurrence of epilepsy in some
autistic individuals. However, delays or difficulties in lan-
guage have predominantly been considered using univari-
able statistical methods and intellectual ability has not been
reported or not considered in statistical analysis. It is there-
fore, unclear if specific difficulties in language are indepen-
dently associated with an increased occurrence of epilepsy
in individuals with epilepsy or whether the co-occurrence
is predominantly driven by broader intellectual difficulties.
Similarly, it is not known if more difficulties in social skills
or delayed walking in individuals with autism is associated
with an increased risk for epilepsy independently of difficul-
ties in intellectual functioning.

Future research directions

Study quality was mixed with only one in five of included
studies receiving a ‘good’ rating. This highlights the need for
more robust study designs. The increase in the incidence and
prevalence of registered diagnosed of autism likely due to
rising diagnosis among adults, females and higher function-
ing individuals (Russell et al., 2021; Lundstrom et al., 2015)
highlights the need to consider that cohorts in older studies
may not be representative of current diagnostic practices.
The use of longitudinal designs following autistic individu-
als into adulthood will be helpful. Additionally, following
children at high risk for autism such as siblings, as well as
following children with early onset seizures in the first two
years of life will also be helpful in establishing what factors
might play a role in the development of epilepsy and autism
at different time periods. It is particularly important to use
multivariable analysis methods to understand whether lan-
guage difficulties, motor difficulties or ADHD symptoms
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are associated with the occurrence of epilepsy in autistic
individuals independent of global intellectual impairment.
More research is also needed from low- and middle-income
countries given the higher incidence of epilepsy but also
more challenging conditions with respect to screening and
diagnosis in these settings. Additionally, there is a paucity
of studies considering the economic impact of having both
epilepsy and autism and studies of this nature are needed.

Limitations

We excluded articles not in the English language and could
not obtain full texts for a small number of articles which
may have been relevant. We did not explore heterogeneity
with respect to reported statistical methods, but this was
considered in our quality analysis. Employing meta-ana-
lytic methods may have yielded more objective results with
respect to the nature of relationships between factors associ-
ated with the occurrence of epilepsy in autistic individuals.
We chose to exclude studies published prior to 2000 as it
was felt studies undertaken before this may not reflect the
broadening of the concept of autism evident since the publi-
cation of DSM-IV in 1994 (American Psychiatric Associa-
tion, 1994). The chosen exclusion cut-off of prior to 2000 is
arbitrary and may have influenced our findings. In relation
to autism, we included only studies where individuals were
diagnosed with respect to DSM/ICD criteria. However, our
inclusion criteria for individuals diagnosed with epilepsy
was not as stringent and this may also have impacted on
findings. Although we provide basic details of studies that
included predominantly participants with neurogenetic syn-
dromes a thorough discussion of neurogenetic conditions
associated with autism and epilepsy is beyond the scope of
this systematic review.

Conclusions

A wide range of factors were considered with respect to
possible factors associated with the occurrence of epilepsy
in autistic individuals. The presence of intellectual disabil-
ity or cognitive impairment is the factor most consistently
associated with this occurrence. A number of other factors
are potentially important with respect to the occurrence, but
study quality and lack of significant findings in all stud-
ies where these other factors have been considered means
better quality research is needed to establish what factors
independent of intellectual impairment are important in the
co-occurrence.
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