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Abstract The prevalence of autism spectrum disorder
(ASD) in many genetic disorders is well documented but
not as yet in Mucopolysaccharidosis type III (MPS III).
MPS III is a recessively inherited metabolic disorder and
evidence suggests that symptoms of ASD present in MPS
III. This systematic review examined the extant literature
on the symptoms of ASD in MPS III and quality assessed a
total of 16 studies. Results indicated that difficulties within
speech, language and communication consistent with ASD
were present in MPS III, whilst repetitive and restricted
behaviours and interests were less widely reported. The
presence of ASD-like symptoms can result in late diagnosis
or misdiagnosis of MPS III and prevent opportunities for
genetic counselling and the provision of treatments.

Keywords Mucopolysacchardosis - Lysosomal storage
disorder - Developmental disorder - ASD - Speech/
language delay - Behavioural difficulties

Introduction

Mucopolysaccharide diease type III (MPS III) belongs
to a group of seven rare inherited metabolic disorders
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characterised by the deficiency of one of the lysosomal
enzymes catalysing the degradation of glucosaminoglycans
(GAG) or mucopolysaccharides. This deficiency results in
abnormal accumulation of GAG in the lysosomes which
consequently results in cellular damage and multi-systemic
disease. Mucopolysaccharide disease type III (MPS III or
Sanfilippo syndrome) is the most common of the mucopoly-
saccharidoses (Miekle et al. 1999). Four subytpes of MPS
III have been indentified with their underlying genotypes
and biochemistry established: MPA IIIA, IIIB, IIC and IIID
(Valstar et al. 2008). Subtype A is the most prevalent in
the UK, subtype B is less common and subtypes C and D
are rare (Cleary and Wraith 1993). Similar rates are docu-
mented internationally (Valstar et al. 2008), although sub-
type B is known to be more common in South East Europe
(Heron et al. 2010). Clinically, there is very little difference
between the subtypes, but subtype A is known to follow a
more severe course (Van De Kamp et al. 1981) and subtype
C a more attenuated course (Ruijter et al. 2008).

Evidence suggests that many children with MPS III pre-
sent with symptoms of Autism Spectrum Dmisdiagnisorder
(ASD), such as language delay (Buhrman et al. 2013) and
impaired social communication (e.g., Shapiro et al. 2016).
According to Rumsey et al. (2014), symptoms of ASD are
acquired (i.e., symptoms emerge at a later age following an
otherwise typical development initially) in MPS III, sugges-
tive of an atypical profile of ASD, as opposed to idiopathic
ASD. The presentation of ASD-like symptoms has resulted
in children with MPS III being misdiagnosed (‘misdiagno-
sis’- a term used by studies to describe an instance whereby
ASD or another neurodevelopmental diagnosis has masquer-
aded a diagnosis of MPS III) with ASD and late diagnoses
of MPS IIT (Wijburg et al. 2013). This has implications for
genetic counselling and forestalls possible interventions for
MPS III (Deshpande and Sathe 2015).
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Previous reviews have identified the prevalence of ASD
in a range of genetic syndromes (Richards et al. 2016) and
demonstrated significant associations between ASD and
other genetic developmental disorders (Moss and Howlin
2009). Previous reviews have identified the prevalence of
ASD in a range of genetic syndromes (Richards et al. 2016)
and demonstrated significant associations between ASD and
other genetic developmental disorders (Moss and Howlin
2009). In their review of 42 studies of other genetic disor-
ders, including Fragile X syndrome, Rett syndrome, Down
syndrome, Tuberous Sclerosis Complex and phenylketonu-
ria, Moss and Howlin (2009) indicated that symptoms of
ASD are signficantly more likely to occur in individuals with
such disorders than in the general population. Such symp-
toms may be present in the absence of a formal diagnosis of
ASD and this supports the distinction between syndromic
and non-syndromic variants of ASD. Understanding the
overlap between ASD and genetic syndromes could poten-
tially enable the genetic and biological pathways that under-
lie idiopathic ASD to be identified.

Despite the reviews identified above, no review to date
has focused on the mucopolysaccharidoses. Although
Wijburg et al. (2013) summarised the misdiagnosis of MPS
III as ASD, to date, there has been no systematic review of
the symptoms of ASD in MPS III. Consequently, this review
aimed to (a) identify the extant literature on the symptoms of
ASD in individuals with MPS III, (b) identify which symp-
toms are observed and (c) identify any common implications
of ASD-like symptoms and (d) assess the quality of included
studies.

Method

A systematic search was conducted using Ovid to review five
databases from inception to February 19th, 2017, namely
PsycInfo, Embase, Medline, Global Health and Health and
Psychosocial Instruments. In addition, the references of
included studies were hand-searched for relevant articles.

Search Terms

Search terms included ASD OR Autism OR Autis* OR per-
vasive developmental disorder OR communication difficul-
ties OR social difficulties OR language delay OR speech
delay OR delay OR behaviour problems OR behavioural
problems OR restricted behaviour OR repetitive behaviour
AND *“Sanfilippo Syndrome OR Mucopolysaccharidosis OR
Mucopolysaccharide disorder OR Mucopolysaccharide dis-
ease OR Mucopolysaccharide disease type III”. The search
process, based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA) (Moher
et al. 2009) is outlined in Fig. 1.

Inclusion and Exclusion Criteria

Inclusion criteria for the current review were studies pub-
lished in English, which focused on MPS III and reported
symptoms consistent with ASD (e.g., language or speech
delay, communication difficulties, social difficulties, repet-
itive or restricted behaviour), whilst the following exclu-
sion criteria were applied: non-English language, reviews
and mini-reviews, studies which focused on other types of
mucopolysaccharidoses, reports of behaviours inconsistent
with ASD or a lack of detail surrounding behaviour and
biological or genetic studies, i.e. reports on the biological
rather than behavioural aspects of MPS III.

Quality Assessment Tool

The Quality Assessment Tool for Studies with Diverse
Designs (QATSDD) was selected (Sirriyeh et al. 2011),
because it has good reliability and validity (Fenton et al.
2015) and because the methodologies used in these stud-
ies were expected to be diverse. Each of the 16 QATSDD
items is rated on a 4-point-scale from “not at all” (0) to
“complete” (3) and from which an overall quality rating of
0-42 can be computed. Consistent with the tool guidance
(Sirriyeh et al. 2011), percentage scores were calculated
(e.g., the total score was divided by the maximum poten-
tial score and multiplied by 100) and reported, with stud-
ies scoring over 75% considered to be of “high” quality,
those between 50-75% “good”, 25-50% “moderate” and
below 25% as “poor”. The first author (CW) and a peer
colleague, independent to the study team, collaboratively
rated all studies.

Results
Selection of Studies

A total of 16 studies (see Table 1) was identified for inclu-
sion in the current review that reported on a total of 620
participants with diagnoses of MPS III. One study (Paper
15) involved two control groups, MPS I-Hurler Syndrome
with eight participants and MPS IITA with nine participants.
Of the 620 participants with MPS III (see Table 2), 286 had
confirmed sub-type A (MPS IIIA), 124 sub-type B (MPS
IIIB), 56 had sub-type C (MPS IIIC), nine had sub-type D
(MPS IIID) and 145 did not specify which sub-type. Four of
the studies originated from the USA (Papers 2, 9, 11 and 15).
Case report studies (Papers 3, 7,9, 12, 13, 14 and 16) origi-
nated from Saudi Arabia, the Netherlands, Poland, Israel,
India and Turkey, whereas cross-sectional studies (Papers 1,
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16 studies included in the review

2,4, 5,6, 8 and 10) originated from Denmark, the UK, the
Netherlands, Sweden, France and Spain.

The studies varied in their participant descriptions (see
Table 2). All studies reported gender and age; however, only
nine studies provided information surrounding ethnicity or
nationality (Papers 3, 5, 6,7, 8,9, 12, 13 and 16). Half of the
studies (Papers 1, 5, 7, 8,9, 12, 13 and 16) provided addi-
tional data regarding the relationship between participants
and their families. Paper 1 noted that 41 of 73 participants
were from sibling relationships and Paper 8 reported on
70 of 111 participants who were from multiplex' families.

' A family in which a person diagnosed with a complex genetic dis-
order has a 1st- or 2nd-degree relative with the same diagnosis.

@ Springer

Consanguinity was another factor to which some studies
referred to. Paper 5 highlighted that six of their 20 par-
ticipants were from consanguineous families and Paper 13
described the case of a child from a consanguineous family.
Whilst these two studies noted consanguinity, other studies
(Papers 7, 9, 12 and 16) explicitly stated that participants
were from non-consanguineous families.

Of the 16 studies, seven studies (Papers 1, 2,4, 5, 6, 8 and
10) described and analysed cognitive, behavioural and motor
difficulties within MPS III (Table 2). Seven of the studies
were case reports (Papers 3, 7, 9. 12, 13, 14 and 16) which
described presentations of MPS III and issues pertaining
to its diagnosis and misdiagnosis. Paper 15 compared par-
ticipants with MPS IIIB to participants with MPS IIIA and
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Table 1 Included

. Paper number
papers presented in

Author and date

Site of study

Design

chronological order 1 Van de Kamp et al. (1981) Denmark Cross-sectional
2 Nidiffer and Kelly (1983) America Cross-sectional
3 Ozand et al. (1994) Saudi Arabia Case report
4 Bax and Colville (1995) United Kingdom Cross-sectional
5 Moog et al. (2007) Netherlands Cross-sectional
6 Malm and Mansson (2010) Sweden Cross-sectional
7 Verhoeven et al. (2010) Netherlands Case report
8 Heron et al. (2010) France Cross-sectional
9 Brady et al. (2013) America Case report
10 Delgadillo et al. (2013) Spain Cross-sectional
11 Rumsey et al. (2014) America Case series
12 Krawiec et al. (2014) Poland Case report
13 Sharkia et al. (2014) Israel Case report
14 Deshpande and Sathe (2015) India Case report
15 Shapiro et al. (2016) America Case control
16 Kartal (2016) Turkey Case report

MPS IH (Hurler syndrome) and two studies (Papers 11 and
15) formally assessed symptoms of ASD in participants with
MPS IIIA and MPS 11IB.

Quality Ratings

Scores on the QATSDD ranged between 22 and 74% with a
mean score of 49% (see Table 3).

As previously mentioned, almost half of the studies
(n="7) reviewed were single case reports (Papers 3, 7, 9.
12, 13, 14 and 16); consequently, these were mostly rated
as being of moderate methodological quality. In contrast,
other studies were group-level studies (Papers 5, 11 and 15),
with the three highest methodological quality studies coming
from the USA (Papers 2, 11 and 15). Paper 16 obtained the
lowest rating owing to a lack of information surrounding the
choice of data collection, brief reference to the theoretical
framework, justification for method and analysis and a lack
of reference to the study’s strengths and limitations. In all
16 studies there was a lack of discussion surrounding the
involvement of service users in their study designs.

Across the studies, seven obtained a moderate score for
quality (Papers 1, 3, 5, 6, 12, 13 and 14) and eight were
deemed to be of good quality (Papers 2, 4,7, 8, 9, 10, 11
and 15). There was no observed relationship between qual-
ity and year of publication. Furthermore, as can be expected
cross-sectional designs scored consistently better than the
other designs reviewed. As this is the first review of the
literature surrounding the symptoms of ASD in MPS I1I, all
studies were retained to present a comprehensive picture of
the available research.

Symptoms of ASD

All of the 16 studies referred to behaviours characteristic
of ASD, with ten studies (Papers 3, 5, 6,7, 8, 11, 12, 13,
14 and 15) making a specific reference to ASD (Table 1).
However, whilst these studies made specific reference to
ASD, some case reports described observed behaviours in
detail (Papers 9 and 14). In addition, some studies used the
term ‘autistic features’ or ‘autistic like’ and failed to pro-
vide detailed descriptions (Papers 3,7 and 13). The lack of
detailed descriptions was also noted in some of the cross-
sectional studies (Papers 2, 4, 6, 8 and 10). For example, a
relative strength of Paper 8 was its larger sample size when
compared to the other studies, yet it did not describe symp-
toms of ASD in great detail.

When ASD-related behaviours and symptoms were speci-
fied and described in studies, these were categorised as:

Speech, language and communication difficulties Despite
differing sample sizes, study designs and quality ratings, all
16 studies consistently reported difficulties with speech, lan-
guage and communication (Table 2) with nine studies mak-
ing explicit reference to this as a feature of ASD (Papers 3,
5,7,8, 11, 12, 13, 14 and 15). Difficulties in this domain
included delayed language and speech development, limited
vocabulary, no speech, echolalia, variable or no eye contact
and impaired communication skills. The studies differed in
reporting of age of onset of these behaviours, which were pri-
marily reported as emerging after 18 months. When partici-
pants were assessed with a ‘gold-standard’ ASD assessment
tool, the Autism Diagnostic Observation Schedule (ADOS)
(Lord et al. 1999), they consistently met ADOS diagnostic
criteria on communication domains (Papers 11 and 15).

@ Springer



J Autism Dev Disord (2017) 47:3620-3633

3624

sIsouserp
IOI[TeD JOJ POdU Y}
uo paoefd oq 03 spaou
siseyduro 19yea10)
s3ur[qIs pajoayje
AJremurs a1our 10 U0
paxmboe pey Aoy} own
yoIYM AQ ULIP[IYD
POPpIL)AT QATIORIIAO
se uonjejuasard [enrur
0} anp 9JI] U e
pasouseIp [T SdN

(pooD) %08 )M USIP[IYD QWOS

I

SdIN Jo 2dKjouayd oy
9JeISUOWAP 0) Pa[Ief
pue 1opIosip a3en3
-ue[ paimboe yim

(91eI9POIN) %¥¥ pajuasaid juedronieq

SSUIqrs 11

SdIA 1oyMng sny) pue

Sur[[esunod oneuas ou

Ul poI[NSal SINOIABYq

onewo[qoid uo snooy

(Po0D) %69 O3 SUIMO SISOUSEIP Je]
Sur
-[9sunod d1ouA3 pue
sisougoid ‘uonrugooar
9seasIp 1oy doueyroduwrr
JSOWwN JO SI [9AQ[
[edrurfo oy Je Kiiqe

(91RISPOIN) %1€ -LIBA JO UOnTU3009Yy

SV 0} 90URIJaI ou

nq swoydwAs syroday]

s1souSerp [ewIoj ON
. Ano1ABYaq
Sunenuins-Jas ‘oI
onsINe,, 0) 9OUAISJIY

SV 03 90UAIJaI ou

nq swojdwAs syroday]

SV 01 90U219Ja1 OU

nq swoydwAs syroday]

ISIp[OoYd Juared s 19}
-y pue a1reuuonsanb
Kouaroya( [eIUSIA JO
UOTIBIO0SSY UBILIOWY
Uo paseq aIreuuonsang)

UONEN[BAQ OLIOWOYIAS]

J[eoS AILIMIBIA [R100S
PUB[OUIA ‘9[e0S 90ua3
-l[[oju] Joulg-projurls
QuowdoreAd(] JuBju]
Jo 91eos £9[heyq :uo
paseq saIreuuonsang)

SIUSWISSISSE

[BWIO] JO S[TeIOP ON
SPI0JaI

[BOIPAW JO MITANY

doeds

[BIO0S JO UOISBAUT
0} UOTJORAI [EWLIOUQY
a3en3ue| Jo sso]

(9 98e) [re1ap JoylIng

ou nq ,JnorAeyaq
onsnne,, 0) SIYAY

(L 93e) 1083000

32 ou 10 (9 a3e)
JoBIU0D 949 9[qeLIBA
SPIOM MO

Inor
-ABYQq Sunenums-jos

(s189k

G 93e) Inoraeyaq A1}
-depe/[e1o0s jo sso

SIedk ¢ 95e ueoWw
Je U99s SAN[NOYJIP 1994

sIeok § '¢ 93 ueow
Je u99s AIoje[nuns-J[os

sIeak

9°G 93e uBOW I8 US
swoyqoid a3en3ue]

S[ID[S uonEOTUNW
-wo0J JO UONRIOLIANR

suonenIs
[nJssoIs Ul UOISSAISTY
Yeads
0} POUIBI] JOAU JUWIOS
(s1eak G'¢
a3e-a1d) Juowdoreasp
yo9ads 100d pue mo[s

Jlewsf 9¢
Jrew O
SIeak §°§ 95® UBSA

pIO s1eak £
o[ewoy UeIqeIy IpNes

Jrew 4]

olewoy 9T
sIeak ()] 93e ueo

aAIe sjuedronted ¢

paseadap sjuedronted g1
sdrysqrs

WOl 2I0M €/ 93 JO [§

%901 14
a

I €

%0€ C
Y1I—0
cc—d
9¢—V

€L I

2100s 3umer Ayend) s3urpury

dsyV Jjo sisouserp
IO SV 0] 90UIJoy

POYIOW JUSWISSISSY

asy jo swoydwAg

soryderSowop pue a3y

IIT SAA Jo 2d4)y
-qns pue az1s o[dwreg 1oqunu rodeq

sSuipuy pue SV Jo swoldwAs ‘soryderSowap pajiodoy ¢ dqel,

pringer

Qs



3625

J Autism Dev Disord (2017) 47:3620-3633

s1eak

LG 93¢ je s1souerp

Ul PIJ[NSAI SANSST

(PooD) %96

dHav o
wisnne aq 0) peyoadsns

swio[qoid Imoraeyeg

[eINOTABY2Q UO SN0,

pasou3erp A[[ewriof Jo0N
SaInyeay oY1
S1SNNE,, 0] AOUAIYAY

10B3U09 [eoIsAyd
0} AyanisuasiodA
elR[oyoq

Fhlali (5]
[eorsAyd paisisoy
aannadoy

Pajels 10U — Iea[ouf) suonoeIoul 193d oN

Arurey
SNOAUINSUBSUOI-UON
plo s1eak /6

oTeWR MY

UQIP[IYO Juerd

EN==N 1) pauyep jou -tww—sjuedionaed g
aa1ssar3oid e jo uorord pIO s1eak swa[qoid [enoraeyeg (paseadap
-Sns Aue Jo2IIpSIul pue 1 10 9 Aq uorjeprejar ordures oy G ‘OAI[E ) O[BWIRJ [—PAUIULIANAP Jou AdAy
juowdo[oap [eurIou [euauW jo sasouder(q Jo jrey ur juowdororap (paseadap —D
A[Ie9 UB I9A0D P[NOd pasou3erp A[jewiof J0N yodads Apres pakeroq L ‘9AI[® Q) JeW ¢ 1—9g
Kerop Tejuowdoforop  wispne 9q 0) pajoadsns uorssardw [euoIssoy spIom s1eak 67 SI—V
(91eI9POIA) %9¥ pue AyanoerodA  swio[qoid [enoraeyeg -o1d pue j10do1 juared MJ ‘UOTIBOIUNWIWIOD ON PUEB 7’| U9MIdq PIguey] w 9
s30eU00 TeuosIad
Sunyew ur swo[qoIig
ayods
IaAau Juedronaed suQ
armeroduwo)
MOS ST 0] 9ANISUQS pUE Yono}
uorssar3oxd asneoaq A[rurey pue 0) AyanisuasiodAg
pue adKjousyd [euwrrou SIOTED )M SMITAIU] yovads o1qI31g (paseadop 9) orewdy 7|
® 0) onp 1] UI J9Je[ sjuored -[urun Jo yoads oN (pasea02p 7) orewr §
pasou3erp 2q Aew gJJ[ Jo/pue s1opraoid s10ad jo A[rurey
sV Jjo uoroidsns e ared ym pajordwoo  ooed dn dooy 03 AjIqeu]  snoduINSuBSUOD WOIJ 9
Jo asneoaq paurioyrod ased ANqIqesi(q [en3o9] yodads o1dAj0a191g  syuedronaed aarfe 1oy
sem SUIU2AIIS 21[0q Quo UI SV 03 SI9jar -ToIUT YIIM SJUIPISAT juawdoparap yooads S1e9A € JO 93 UBQN 0—4d
(918I9POIN) % €€ -eyow Juoned ouo up  pue swoldwiAs sy10doy  A[IOp[e Jo suonealesqQ)  pue 98enSue| pake[og yong 0C S
dsV jo sisouderp 11 Sd Jo 2dKy
2100s 3umer Ayend) s3urpury 10 (JSV 01 20uaIajay POYIOW JUSWSSISS Y asy jo swoydwAs  sormgderSowop pue a3y -qns pue az1s o[dwreg 1oqunu 1odeq

(ponunuod) g dqel,

pringer

a's



J Autism Dev Disord (2017) 47:3620-3633

3626

Kde1oyy yjuowaoedar
qwiAzuo pue Adeioy
Quag ‘3o Jurfesunod
onoua3d A[rurey 1oy
SIsou3eIp A[1es 10J poaN
OIII SdIAL Ut A[rerd
-adsa ‘sadK1ouayd poje
-nuaye 10 uorssargord
MO[S B Im sjuoned ur
Aprernoned ‘uowriod

(PooD) %09 sem Ae[op onsouder(q

sIeak 9z a3k e gII1
SdIA Jo sisouSerp e
QUITO9p 2ANTUS00
paure[dxoun oA1SSaI3
-o1d £q pamorjoj 2dK)
-ouayd ornernyoAsd pue
[eInoIAeYaq A[1ed ue
yim sjudnjed Jo sisou
-SeIp [enuaIolIp oY)
ul paIapIsuod Aj3uons

(PooD) %8¢ 9q prnoys dI1I SdIN

JIqe
-[TeA® UQUM JUSW)EAI)
KJTea AQ pamoj[oj 2q

(pooD) %0S  PInoys stsouserp Aley

SV 01 90UaI19ja1 ou
nq swoydwAs syroday]

s1eak § oFe Je Iop
-10s1p [eyuawdoraAap
aarseatad [yim pasou
-3erp sem 1 juedronied
SV 03 20UaIJaI ou
nq swojdwAs syroday

pesougerp

\m:ﬁEHOw jounq dSv

0 90UAIJAI JOAI(

(poyroads
jou) arreuuonsang)

PajeIs JouU—IB3[OUN)

sarreu
-uonsanb uo syrodax
pue uorssaxduwir [ejuareq

juowdoroadp 25en3
-ue[ QATSSaIdxa Jo yoerT
sIeok ¢ 9Fe ueowr

e 9,69 ur AyanoeradAH

syjuowr 87 a8e £q
968 ul yooads pakeroq

Jnu—ry juedonreq
BI[E[OYdH
(Tooyos
-a1d) KyanoerodAH
Aymyewrwur
[eroos—T juedronred

pajess
jou—o[duwres 929210)
K30
-fowoidwis ASY %99
pue Ke[op o5en3ue|
pey %c8—a[dwes 3
%L1—dlII
%8—OIIL
%61—4dIl
%6C—VIII
:ut A3ojowoydwAs
SV pue Aeop o3en3

-ue[—ordures aouel

sIeak ¢ o3k ueIpajy
Jrewt /g

Slewsy 8¢

ystuedg

syuared
SNOAUINSUBSUOI-UON
SIeA [¢ 29 SIeak 97
so[ewa]
AMYM

Soljrurey
xordnnu ou Y2210 (g
sorrurey xordnnux
woly o ysnug 921
sarqrurey xodnnuw
Wwoly O¢ Youal 111

0I—>
1n—4g
ye—V
SS 01
—4
C 6
[—PAUIWLIAP JON
€D
91—4d

0g—>ordwes o210
Q—PoUTWLISNAP JON

—da

L—D

c—d

68—V

9g1—ordues 3
9—a

LI—D

81—d

L8—V

gz 1—ordwes youai 8

2100s 3umer Ayend) s3urpury

dsYV jo sisouSerp
JO SV 0] 90UIJoy

POYIoU JUSWSSISSY

asy jo swoydwAsg

soryderSowop pue a3y

IIT SAN Jo 2d4)y
-qns pue az1s o[dwreg 1oqunu 1odeq

pringer

Qs

(ponunuod) g dqel,



3627

J Autism Dev Disord (2017) 47:3620-3633

SOIN)B9J JE[IWIS YIIM
Sunjuasaxd J1 Sunso)
o1jouas 10§ A[301Ip
03 prnoys syuaned

(sypuowr g1 o3e)  soIn)

A[rurey uerun

punoy orom sasouSerp -B9J O1SHNE,, pue 7 -s9[ed snoauInSuesuo))
SQINJe9J AYI[ ONSNNY  [ewIo} ou Inq syuedron juoned ur Aefop yosadg plo s1eak ] pue ¢
SINJ00 -1ed yyoq ur , seInjedy uorssarduur 1 Juoned so[ewo —V
(e1e13POIN) %t U0)JO SISOUSEIPSTIA onsnne,, 0) SIYAY UBIOTUI[O pUE JuaIeq ur _SOINJesJ oNsnny,, uerunsared C €1
Ke[op
[eyuowdo[oadp pue
SsonIewIOUqE [eINOT
-ABYQQ [JIM UDIP[IYD syuowt sjuored
ur [T SN 10} uaa10s Q] 93e Je SpIoMm IS| SNOAUINFUBSUOI-UON
INd00 ued SISOU3eIp [eWIO] s1eak G o3e Je pIo s1eak ¢ v
(1RISPOIN) %L  WSHNE JO SISOUSEIPSIAl  OU JNq WSHNE 0) SIYY ylodorjuareq  o[qejou yosads jo yoe] RN I 1
Juasqe
sinoraeyaq 2Annador
PUE $)SOIUI PAIOLISIY
UONEIIUNWWOD
[eI00S UT 9S8I09p
e opnpour swojdwAg
uorssar3ord aseasip
JO ONSLIORIRYD T8
wisnne jo swoydwAg BLIOILID JOW SIBOA
srsougerp fenuo §'¢ Jopun paSe ¢ pue
~IJJIp Ul VIII SdIN 10} BLIOLIO 1O SIROK §°¢
Sey pa1 e osrel p[noys I9A0 Page uIp[IyY [V
SINOTABYQQ [BID0S Y] asv SPIOM OU 10 M3
onsnne yim pardnoo JO sIsougeIp [euLIOf SIBA § PUB € U9MIOq
uonu3oo 3urseadap 10 J10J BLIOILID JoW [ /€] Surdrows sInorAeyaq SIeaK G'f 938 UBOIA
ure3 [eyuowdoraasp jo SINOTABYQQ [BIO0S Y] [e100S 9YI] onsSHNE JO Jrewdy £ 17—V
(P00D) %79 or[ € SUNIQIYXD Py ¥ Jnsnne 0} 3dUIRYY soav S0USPISUT paseaIdu] oew 7| IC !
dsV jo sisouderp 11 Sd Jo 2dKy
2100s 3umer Ayend) s3urpury 10 (JSV 01 20uaIajay POYIOW JUSWSSISS Y asy jo swoydwAs  sormgderSowop pue a3y -qns pue az1s o[dwreg 1oqunu 1odeq

(ponunuod) g dqel,

pringer

a's



J Autism Dev Disord (2017) 47:3620-3633

3628

payrodar jou sem 2dAigns Jey) SAJBIIPUL,,

Kerop reyuawdoroaap

JO s1souSerp [enuaIay

-J1p 2y} ut pspnjout
29 p[noys I11 SdIN

paroenoid usijo (s1eak ¢ o3e woIy) syuared
pue Surdus[eyo 2q KynanoeradAy woiy SNOJUINSUBSUOI-UON
ued ssa001d onsouderq apise (payroads jou) s1edk /
aHav SV 0} 90UaIdJaI Ou jlodorjuorey  swojqoid [eioraeyeg BN
(100d) %z yum pasouderp A[eniu]  Ingq swoldwAs sprodoy uorssaxdwr uerorur) yovads pakeaq ysong, v 91
111
SJIN 103 9yerrdordde
9q 1ySTw SISPIOSIP
dsy 1oy ajerrdoidde
sanbruyoe) JuswaSeuey
UONEeOTUNWWOd
[eroos pairedwr
—wspne yIm paje (s1eak 9
-100sse swojdwAs 93k 10A0) SINOIABYQQ
qensuowdp g 11 SN aannedar 10 payoLsal
sIsouSeIpsiur ur Jynsax uey) pajoagJe a1ow ST 91 oS uBoI
Aew g pue 1T SN soav UTBLOP 9ANIO9YR/[B100S So[eW™y ¢
10q JO SINOIABYDQ uo (JSV 10j BLIAILID uopedIuNw so[ew 9
(pooD) %L a1 dusnne ordAoudyd row syuedonred 01/6 soav -Loo [eroos paireduwy AMYM olI—4 SI
[ewrouqns
A[remooqeiut sreadde
oym ‘swa[qoid [eInor
-Aeyeq im Junuoasard (s1eak 7 93e woiy)
PIIYO B UI PAIDPISUOD SUOTIORIUI [BIDOS
9q pInoys 11 SdIN ounnor ur o5eSus pue
sjuoujean puejsiopun o) A)[iqeu]
IOMAU JO SSQUDATIOIYD (sreak 7 o3e woiy)
Jo sooueyd daoxdwr IopIOSIp peay 31y pue spuey
ued sisougeIp Apreg  [ejuowdo[oAdp aAIsBA paddero A[pareadoy
SINDJ0 SISOUSRIP Jopu[) -1od yjim pasougerp (s1eak g a3e) yooads
q111 Aqrentur juedronieq puejsiapun o3 Ajjiqeuy
SdIN PIM Uowwod SISOUZEIp [BUWLIO} uorssaxdwr (s1eak g a3e) suon pIo s1eak £
(91BI9POIA) %9€ QI saIMe) dNsSNNY ou nq SV 03 sIojoy UBIOIUI[D pUB JUIRd  -ORIOUI [BIO0S PIoNpay] Jrewa,] ol i
dsy jo sisouserp I SN Jo 2dKy
2109s Sunel Afen) sSurpurg 10 SV 01 20ua19)oy POYIOW JUSWISSISSY dsy jo swoydwAg  sorydersSowap pue a3y -qns pue azis o[dweg Joquinu roded

(ponunuod) 7 AqeL

pringer

Qs



3629

J Autism Dev Disord (2017) 47:3620-3633

PIssNoSIp A[[eoNLId SUoeIIWI| pue SYISUaNS—9| W)y

USTSOp UT JUSWIOAJOAUT JOSN JTAIIS JO QOUIPIAT—G W]

(ATuo aaneyENn()) ssedo01d [eonATeue Jo AII[IQRI[AI JO JUSWSSISSY— | W]
Pa309[as poyew [eonA[eue 10 uoneoynsnf poon—g¢| Wy

sisA[eue jo poyjouwl pue uonsanb yoreasar usomiaq 1J—g| W
(eATe3ITENQ)) UOTOJT[O0D BIRP JO JUSJUOD pue uonsanb yoreasar pajess usomiaq J{—rj ] Wwolf
sIsA[eue Jo poyiowl pue uorsanb yo1easar parels ueamiaq IJ—QO] WL
(A[uo sanEInUENQ)) A)IPI[RA PUR AJI[IQRI[QT JO JUSWISSASSE [BO1ISTIE)S—¢ W]
BIEP JUSUIINIII PI[IeI[—§ W]

S[00} UOTIOJ[0D BIEP JO AOI0YD JOJ O[eUOTIEY—/ W]

2mnpas01d uonosd[0d BIep Jo uondLdsIq—9 W]

9z1s 9[qeuosear e Jo dnoi3 ja31e) Jo ojdwes aAanejuasardoy—g¢ waly
SISA[eUR JO SULID) Ul PAIAPISUOD 9ZIs d[dures Jo dOUPIAg— W]

Sumes yoreasar Jo uondrosep Iea[D—¢ Wl

S9AN92[qO/SWIe JO JUIWRIRIS—7 W]

SIomourely [eona1ody) Jordxg—r1 weyy

(9191dwoo—¢ ‘A[oreIopow—yg ‘A[IYSI[S AIA—T] ‘[[e J& J0U—()

(T 90°8 0 0 VIN VIN I I 0 VIN I 0 I I VN I I [ 91 1odeq
WL TT 1€ 4 0 VIN € € VIN 4 I € € 4 I 4 € € ¢ ¢ Joded
(CIR R 0 0 VIN VIN I I 0 VIN I 0 (4 I VN € T T 1 1edeq
) €191 0 0 VIN VIN 4 T I VN 4 0 I I VN € I ¢ €[ Jodeq
U YT LT I 0 VIN VIN I 4 7 VN I 0 I I VIN € € T C1Jedeq
(T9) 61 ‘9T 4 0 VIN I € VIN € I I € I 4 I T € ¢ 11 Iedeq
(09) 81 ‘ST I 0 VIN I € VIN 4 I € I 4 4 4 I € ¢ 0r Jodeq
(89) 81 ‘It 0 0 VIN VIN 4 4 € VNN I I (4 I VN € € ¢ 6Jodeq
09) ST 1T I 0 VIN 0 4 VIN 4 0 (4 0 I € (4 4 € ¢ gladeq
(99)9°1 ‘0T 0 0 VIN VIN T 4 T VN € I I T VN 4 € T LIdeq
O ¥'1 e I 0 0 0 4 4 4 0 I I 4 4 4 T € T 9edeq
(€)1 vI 0 0 VIN 0 I VIN 4 I I I 4 0 I I 4 T Gadeq
09) ST 1T 4 0 VIN 0 4 VIN 4 I I I I 4 I 4 € ¢ lodeq
) €191 0 0 VIN VIN 0 4 € VNN I I 4 I VIN (4 € [ ¢lodeq
(69) T ‘6T 4 0 VIN I (4 VIN € (4 € € (4 4 I 4 € ¢ ¢lodeq
ey et I 0 VIN I I VN 0 0 I 0 I € I I I T 1 edeq
(21008

Jrqrssod 1soy31y Jo 9, pue)

Q1005 93BIAR Q100S MBI [BI0], Q] W) GJWo)] 4] W)

gl way ¢J Wy

[TWa QWA WA WA LW QWA CWI HwWA W 7wy [wdy

sSuner Ayend) € dqe],

pringer

a's



3630

J Autism Dev Disord (2017) 47:3620-3633

Repetitive and restricted behaviour Two case reports
reported repetitive and restricted behaviours. Paper 7
described a female participant (aged 57 years) with MPS
IIIB who exhibited repetitive behaviour during adulthood,
whereas Paper 14 described a 7-year-old girl (sub-type of
MPS III not determined), presenting with repetitive hand
clapping and head banging from the age of 2 years. How-
ever, neither study used standardised assessment tools. Two
larger studies with sample sizes of 21 (Paper 11) and ten
(Paper 15) utilised the ADOS, but reported little repetitive
or restricted behaviour.

Social difficulties Ten studies observed social difficulties
typical of an ASD presentation and these included aggres-
sion in social situations, peer difficulties and difficulties
making personal contacts, social immaturity and impaired
social interaction (Papers 1, 2, 3,4, 5,7, 8,9, 11 and 14).
As previously noted, not all studies adequately identified
the age of the emergence of these behaviours, but those that
did highlighted that these behaviours were evident from the
age of 3 years. Four of the ten studies (Papers 2, 4, 11 and
15) used standardised assessment tools, such as the ADOS
and Rutter’s parent checklist (Rutter et al. 1970), to formally
assess for such behaviours, but the remaining six studies
(a) failed to identify how behaviours were assessed and (b)
failed to identify the assessment tool or (c) relied on profes-
sional or parent impression.

Diagnosis of ASD

As previously mentioned, two studies (Papers 11 and 15)
utilised the ADOS to assess behaviours of children with con-
firmed diagnoses of MPS IIIA and MPS IIIB; both studies
were rated as having good methodological quality. Paper 11
concluded that 13 of the 21 children aged between 1.8 and
8.8 years with MPS IITA met diagnostic criteria for ASD
(as measured by module 1 of the ADOS) and that this was
strongly associated with age; 11 children aged over 3.8 years
met ADOS diagnostic criteria, compared with only two of
ten children aged less than 3.8 years meeting ADOS diag-
nostic criteria. Paper 15 examined ASD in children with
MPS IIIB and concluded that nine of their ten participants
met ADOS criteria for ASD between the ages of 6 and 24
years. Both studies reported increased incidences of social/
affective behaviour than restricted or repetitive behaviour.
As part of their case reports, Paper 9 and Paper 15 described
participants who presented with hyperactivity, poor social
interactions and repetitive behaviour who consequently
received diagnoses of pervasive developmental disorder
prior to receiving a diagnosis of MPS III. In a large study of
MPS III participants, Paper 8 noted “autism related symp-
toms” at time of diagnosis of MPS III in 66% of the UK
MPS III population (n=126) and in 76% of the French MPS

@ Springer

III population (n=128), but did not state whether any formal
diagnoses of ASD had been made.

Method of Behavioural Assessment

Studies that obtained higher scores on the QATSDD were
noted to utilise formal questionnaires, standardised assess-
ment tools and reported reliability and validity. Only two of
the studies (Papers 11 and 15) assessed symptoms of ASD
formally using the Autism Diagnostic Observation Schedule
(ADOS) which was a strength of these studies. These stud-
ies more reliably and validly identified symptoms of ASD
in individuals with MPS III. Paper 2 reported on the use
of several validated and reliable assessment tools, includ-
ing the Bayley Scale of Infant Development (Bayley 1969),
the Stanford-Binet Intelligence Scale (Terman and Merrill
1973) and the Vineland Social Maturity Scale (Doll 1965).
The findings of this paper suggested that children with MPS
III begin to deteriorate cognitively between the ages of 3.5
and 6.5 years, lose language by age 8 years and demonstrate
self-stimulatory behaviour and experience peer difficulties
(Nidiffer and Kelly 1983). Whilst these tools do not specifi-
cally assess for ASD or repetitive behaviour and restricted
interests, they do examine behaviours, such as language
and social difficulties. A significant weakness of some stud-
ies (Papers 7 and 9) was failing to identify how behaviours
were assessed at all, whereas other studies (Papers 6, 12,
13, 14 and 16), often of lesser quality (as assessed by the
QATSDD) than the above-mentioned studies, referred to
clinician and parent observation, impression and reports,
which resulted in less valid conclusions and less robust study
designs.

Implications of Symptoms of ASD
Misdiagnosis

Seven of the 16 studies (Papers 3, 5, 6, 9, 12, 13 and 16)
reported initial misdiagnosis (Table 2) including misdiag-
noses of ASD, Attention Deficit Hyperactivity Disorder
(ADHD), acquired language disorder and intellectual dis-
ability (reported as ‘mental retardation’). Such misdiag-
noses were primarily observed in single-case reports and
illustrated the phenomenological overlap between the behav-
ioural phenotype of these disorders and MPS III.

Late Diagnosis

Seven of the 16 studies (Papers 2, 4, 5, 6, 7, 9 and 10) noted
that a possible initial focus on problematic behaviour and
developmental delay resulted in late diagnoses of MPS III.
The larger sample sizes in five of these seven studies (Papers
2,4, 5 and 6) suggest that this can be taken as a relatively
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reliable and consistent finding across presentations of MPS
III. Three of the seven studies (Papers 5, 10 and 15) noted
that sub-types MPS IIIB and IIIC were prone to late diag-
nosis owing to slow progression and attenuated phenotypes.

Discussion

Previous reviews have identified the risk of symptoms of
ASD in genetic syndromes (e.g., Moss and Howlin 2009;
Richards et al. 2016). Despite the varying methodological
quality of some of the studies included in this review, the
current systematic review expands on Moss and Howlin’s
(2009) review of seven other genetic syndromes by also
noting the presence of symptoms of ASD in individuals
with MPS III. Ten of the 16 studies reviewed made specific
references to ASD in MPS III, referring broadly to “autis-
tic features”, specifically to assessment of ASD and noting
incidences of its diagnosis prior to diagnoses of MPS III.
Speech, language and communication difficulties were con-
sistently reported in all of the studies under review, repeti-
tive and restricted behaviour less so. According to Rumsey
et al. (2014), symptoms of ASD are acquired in MPS III and
evidence from this review is suggestive of an atypical profile
of ASD-like symptoms in MPS III yet cannot be concluded
given the varying levels of detail reported in included stud-
ies, small sample sizes and varying methods of behavioural
assessment. There was no consistent reporting of the onset
of these speech, language and communication difficulties,
but in line with a recent review that examined and reviewed
the behaviours of 46 children with MPS IIIA (Buhrman et al.
2013), there was some indication that these difficulties were
observed from 18 to 24 months.

Studies varied in their methodology surrounding the
assessment of behaviours considered to be ASD and only
two studies used a ‘gold-standard’ tool for assessing ASD,
the ADOS. When this was used, 13 of 21 participants with
MPS IIIA and nine of ten participants with MPS IIIB met
ADOS diagnostic criteria for ASD. Similarly to Wijburg
and colleagues (2013), this review highlighted the implica-
tions of misdiagnosis and late diagnosis of MPS III. Early
diagnosis of MPS III can be challenging (Bodamer et al.
2014), partly as the result of the wide clinical variability
in MPS III but also because clinicians tend to focus on the
behavioural and developmental issues that are the initial pre-
senting symptoms of MPS III.

Clinical Implications

There is overlap between the behavioural phenotypes of both
ASD and MPS 111, particularly in the domains of speech,
language, communication and social difficulties. When these
behaviours occur alongside other physical or developmental

abnormalities, clinicians should consider screening for MPS
IIT to allow for early identification and diagnosis. In addition,
clinicians should pay attention to the presence of sleep dif-
ficulties, especially complete reversals of day-night rhythms
and impaired circadian functioning, facial dysmorphisms
and recurrent ear, nose and throat infections (Mahon et al.
2014; Valstar et al. 2008). Benefits of earlier recognition
and diagnosis of MPS III include genetic counselling for the
family (Nidiffer and Kelly 1983), increased eligibility for
effective treatments to take place (Wijburg et al. 2013) and
potentially improved quality of life. Recognition of ASD-
like symptoms, whether idiopathic or associated with genetic
disorders of known aetiology, warrants the provision of tai-
lored and evidenced behavioural support for individuals with
MPS 111, including interventions that support communica-
tion and social skills (see Hare 2015).

Limitations

To ensure that all eligible and relevant studies were included
in the current review, the initial search terms were deliber-
ately kept broad. This strategy was successful in identify-
ing 250 studies that were subsequently checked against the
specific inclusion and exclusion criteria. As it was expected
that the resultant selection would use a variety of methodolo-
gies, the quality assessment was undertaken using a measure
(the QATSDD) specifically designed for assessing diverse
designs. The QATSDD was useful in guiding both raters
in the assessment of included papers but limitations of the
tool were noted. The QATSDD does not include a quality
assessment indicator for bias, and some indicators for the
quality assessment lack detail, thus raters can apply them
in different ways (Fenton et al. 2015). Collaborative quality
assessment was useful in managing this because discrepan-
cies could be discussed. To account for some of the limita-
tions of the QATSDD, some adjustments were made to the
calculation of the overall quality score to allow for better
comparisons between studies, but this also means that these
scores should be viewed with some caution.

Many of the studies included in this review had small
sample sizes and lacked detail regarding symptoms and
behaviours characteristic of ASD. Furthermore, almost half
of the studies included were case reports and given the bias
inherent in case study designs, readers are encouraged to
consider all information and conclusions drawn from these
studies carefully. Although this approach limits the strength
of the conclusions drawn from the studies, it was necessary
to include these because they are reflective of the current
research and literature within MPS III.

Individuals with MPS III experience deteriorations in
intellectual functioning (Grant et al. 2012) and there is an
increased risk of co-occurring ASD in individuals with intel-
lectual disability (Schieve et al. 2015). The studies cited in
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this review did not explicitly report on levels of intellectual
functioning which should be an important consideration
when assessing for and diagnosing ASD and consequently
this should be considered a limitation of this review.

Future Directions

A key limitation of many of the studies reviewed was the
small sample sizes which is necessarily problematic for
inferential statistical analysis, but also common in studies of
rare disorders (De la Paz et al. 2010). However, this should
not prevent research into rare disorders, such as MPS III,
and sample sizes should be considered with regard to epi-
demiology of the syndrome. Further research could consider
the use of a Bayesian approach (Howson and Urbach 2005)
to statistical inferences in the study design of rare diseases
(Billingham et al. 2011), because this enables information
gathered from previous studies (particularly case studies) to
contribute to estimation processes as opposed to the tradi-
tional hypothesis testing observed in larger samples.

All of the studies in the review made reference to behav-
iour that was typical of ASD but not all recognised this and
some did not provide further details. Future research should
detail more robustly the profile of symptoms of ASD in MPS
III to understand whether it features as idiopathic ASD or
simply symptoms of ASD. So far, the evidence suggests that
the profile of ASD is largely compiled of speech, language,
communication and social difficulties with little evidence of
restricted or repetitive behaviour.

Only one of the 16 studies in this review (Shapiro et al.
2016) compared the assessment of symptoms of ASD in
MPS 1II with a control group of another syndrome. The
gold-standard assessments of symptoms of ASD should
always include comparison to another syndrome to assess
the degree of difficulty and comparisons to idiopathic ASD
to evaluate the similarities and the differences in the profile
of behaviour. Future research including this could improve
our understanding of the psychological constructs associated
to ASD in MPS III and their developmental trajectory.

Conclusions

While the evidence base is neither large nor methodologi-
cally robust, this review finds evidence that symptoms of
ASD are present in individuals with MPS III, specifically
within the domains of speech, language and communication.
Such symptoms can prevent and forestall clinical diagnosis
of MPS III, resulting in reduced opportunities for genetic
counselling and effective treatments. As MPS III is a rare
disorder, the recommendations arising from this review
are particularly important because they aim to support the
growth of its emerging research literature to inform clinical

@ Springer

practice. Understanding the development of ASD in MPS
III could lead to the improved understanding of the neuropa-
thology of MPS III and furthermore, a greater understanding
of how the related emergence of both ASD and neurocogni-
tive decline associated with MPS III could clarify disease
progression and the neural substrate associated with both.
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