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Abstract

Background The mucopolysaccharide disorders (MPS) are
a group of recessively inherited metabolic disorders result-
ing in progressive physical and cognitive decline.
Materials and methods MEDLINE, PsycINFO and Embase
databases were searched, alongside manual screening, to
identify relevant literature. Papers were included in the
review if they were published in a peer reviewed journal
and conducted empirical research into cognitive, motor,
social or linguistic development or behaviour in one or more
MPS disorders.

Results Twenty-five papers were reviewed. Two papers used
methodology of a sufficiently high standard to demonstrate a
behavioural phenotype; both found sleep disturbance to be
part of the phenotype of MPS III. Fearfulness and sleep
disturbance were frequently observed in people with MPS 1
and II. Cognitive and motor impairment and decline, and
challenging behaviour were highly prevalent in the severe
form of MPS II. Cognitive decline and severe behavioural
problems relating to aggression, hyperactivity, orality, unusual
affect and temper tantrums were seen in MPS TII.
Conclusions Sleep disturbance is part of the behavioural
phenotype of MPS III, and challenging behaviour is highly
prevalent in MPS II and MPS III, therefore the efficacy of
behavioural interventions for these populations should be
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investigated. Further research into the behaviour and adap-
tive skills of children with MPS III and MPS IV is required.

Introduction

The mucopolysaccharide (MPS) disorders are a group of lyso-
somal storage disorders in which specific enzymes responsible
for the catabolism of glycosaminoglycans (GAGs) are deficient
(Lakhotia et al 2004). The deficiency results in accumulation of
GAGs in the cells, blood and connective tissue of the body and
brain; a period of normal development is usually followed by
physical and/or cognitive decline and premature death (Udwin
and Dennis 1995). Seven distinct types of MPS disorder have
been identified, associated with different enzyme deficiencies.

MPS I includes Hurler syndrome and the less severe var-
iants; Scheie and Hurler-Scheie syndromes. It is particularly
associated with skeletal abnormalities (dysostosis multiplex)
and motor and cognitive delay. Prevalence is approximately 1
in 100,000 live births although, as with all the MPS disorders,
international variation exists (Brown and Trivette 1998). MPS
II, Hunter syndrome, occurs in approximately 1 in 170,000
live births, almost exclusively in males and results in a wide
spectrum of cognitive and physical disability (Martin et al
2008). MPS 111, Sanfilippo Syndrome, is the most common
MPS disorder with an estimated incidence of 1 in 24,000 live
births. It has four genetically distinct subtypes A-D; each
associated with a deficiency in a different enzyme responsible
for the breakdown of heparan sulphate. MPS III causes fewer
physical abnormalities than the other MPS disorders but is
associated with behavioural disturbance (Jacob-Timm and
Daniels 1998). MPS IV, Morquio syndrome, has a prevalence
rate of approximately 1 in 1,000,000 live births and primary
features including skeletal abnormalities and ‘near normal’
intellectual abilities (Brown and Trivette 1998). MPS VI
(Maroteaux-Lamy syndrome) is characterised by relatively
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normal intellectual abilities, valvular heart disease, corneal
clouding, dysostosis multiplex and distinctive facial features
(Lakhotia et al 2004). MPS VII (Sly syndrome) and IX
(Natowicz syndrome) are extremely rare and result in short
stature and skeletal and joint abnormalities (Udwin and
Dennis 1995).

Previous literature reviews have been conducted into the
MPS disorders, however, a review of MEDLINE and
Google Scholar databases found none which focused pri-
marily on behaviour. Further, none employed systematic
methodology, which aims to be replicable, thorough and
unbiased (Jesson et al 2011). A book chapter reviewing
research on the psychological and behavioural phenotypes
of the MPS disorders was published in 1995, however this
was not systematic and does not include the research pub-
lished in the last 17 years (Udwin and Dennis 1995).

Rationale and review aim

A ‘behavioural phenotype’ (BP) is defined as ‘a character-
istic pattern of motor, cognitive, linguistic and social abili-
ties which is consistently associated with a biological
disorder’ (Flint and Yule 1994). A description of phenotypic
behaviour is beneficial to aid recognition, early diagnosis
and intervention monitoring in genetic syndromes. It can
help families prepare and plan the future care of their child
(van Balkom 2012). The study of behavioural phenotypes
contributes to the understanding of genotype-phenotype
relationships and behaviour and development in typically
developing children (Lloyd and Valles 2010).

This systematic review will identify the extant literature on
behaviour in the mucopolysaccharide disorders, assess the
quality of empirical studies and report behaviours consistently
associated with each syndrome. This review aims to identify
studies that demonstrate BPs in any of the syndromes.

Method
Search strategy

MEDLINE (1946-), PsycINFO (1806-) and Embase (1980-)
databases were searched for relevant articles on February 1st
2012. The following search terms were used:

In title or abstract One of: Mucopolysaccharid*, Hunter
syndrome, Hurler, Sanfilippo, Morquio, Maroteaux-
Lamy, Sly syndrome, Natowicz

And
In all fields One of: behaviour*, motor, linguistic,
speech, cognitive, intellectual, intelligence, social
Limited to: Journal article, English language, Empirical
study, human

@ Springer

Selection criteria

For inclusion studies had to be : (1) investigations of motor,
linguistic, cognitive or social development or behaviour in
one or all of the MPS disorders (2) empirical research (3)
published in peer reviewed journals. Studies were excluded
if they: (1) investigated animal behaviour, (2) had < 4
participants, (3) were intervention studies, (4) primarily
investigated physical features and/or biological and genetic
mechanisms.

Search results

With duplicates removed, 335 papers were identified, with
305 being subsequently excluded on the basis of their title
and abstract indicating: single case studies, mouse model
studies, literature reviews, physical health studies, gene and
enzyme studies or intervention studies. Ten studies were
then excluded after review of the whole article. Reference
sections were screened for relevant articles, identifying five
further papers. Therefore, 25 papers were included in the
current review.

Data extraction and scoring

No tool for assessing the methodology of research into BPs
currently exists. Data were extracted and scored, based on
principles of best practice described in literature on BP
methodology.

1. Control group (Flint and Yule 1994; Hodapp and
Dykens 2001). Papers will score: 0 = no control group,
1 = comparisons between non-genetically distinct
groups or utilise standardised assessment tools, 2 =
genetically distinct control group.

2. Sample size. Papers will score: 0 = fewer than 15
participants, 1=15+, 2=30+.

3. Recruitment (O’Brien and Yule 1995). Papers will
score: 0 = participants selected by clinician(s), 1 =
participants recruited either through charity or medical
clinic, and 2 = multiple methods, multiple clinics or
multiple charities are used for recruitment.

4. Syndrome diagnosis (Lloyd and Valles 2010). Papers
will score: 0 = syndrome diagnosis based on self-report,
1 = diagnosis based on physical features or sibling
diagnosis, 2 = diagnosis based on appropriate genetic/
enzyme testing.

5. Methodology (Lloyd and Valles 2010; Flint and Yule
1994; Einfeld and Hall 1994). Papers will score: 0 = no
validated measures are used, 1 = use validated and/or
standardised assessment tools, 2 = validated and/or
standardised measures are used alongside new measures,
observations or other methodology.
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6. Considerations for development (Hodapp and Dykens
2001; Karmiloff-Smith 1998). Papers will score: 0 =
participants are compared ‘en mass’, 1 = the study
considers age as a variable for at least one aspect of
development or behaviour, 2=age is considered as a
variable in relation to development and behaviour (or
all areas investigated).

7. Appropriate statistics/ comparisons. A paper will
score: 0 = data not analysed, 1 = descriptive statistics
are used, 2 = appropriate comparative/correlative statis-
tics are reported.

Papers scoring in the upper tertile of possible scores
(9+) were deemed to be of reasonable methodological
quality and to contribute to the understanding of behav-
iour in the MPS disorders (Barley et al 2011). If any of
these studies utilised validated measurements, was case
controlled and demonstrated a significant difference in
behaviour between the syndrome group and a suitable
control group then it was considered to have identified
phenotypic behaviour (Dykens 1995; Einfeld and Hall
1994). Studies scoring below nine were not excluded from
the review but were discussed separately from higher
scoring papers.

Results
Methodology and findings (Table 1)
MPS I

Four studies investigated MPS 1, two exclusively. Papers
24 and 25 included participants with MPS I and scored 10
and 11 with large sample sizes, recruitment through multi-
ple agencies and making developmental considerations of
behaviour. Weaknesses of these studies were unconfirmed
diagnoses, unvalidated measures and no tests for statisti-
cally significant differences between MPS syndromes.
Therefore, these studies did not identify phenotypic behav-
iour but contribute to our understanding of behaviour in
MPS 1. They found that ‘first concerns’ related to physical
appearance and were raised at a mean age of 13 months
(24). Behaviours reported as being present in over half the
sample were sleep problems (59 %) and fearfulness (65 %)
(25).

The two papers that exclusively investigated MPS 1
(1, 2) received scores of 4 and 5, suggesting lower
quality methodology; being limited by small sample sizes
(n=10 and n=4) and no control group (2). Recruitment
methods were not specified. These studies indicate that
motor skills are below average in children with MPS I
and diminish with age.

MPS 11

Six papers investigated MPS II and two included it.
Collectively these papers investigate cognitive, behavioural,
linguistic, and motor development and degeneration. All
studies had sample sizes of N>15 with seven of N>30. Six
papers received methodology scores of 9 or above (5, 6, 7, 8,
24, 25). Three of these were limited by not specifying MPS 11
diagnosis confirmation (8, 24, 25) and four did not have a
genetically distinct control group (5, 6, 7, 8). Two studies had
genetically distinct contrast groups but made no statistical
comparisons (24, 25). No papers utilised methodology that
could demonstrate phenotypic behaviour in MPS II.

Three high scoring studies compared severe and mild phe-
notypes (5, 6, 7). However, while two (6, 7) defined the severe
type as including cognitive impairment, one study (5) reported
that 11.7 % participants with mild type had cognitive impair-
ment, suggesting that differentiation between types was not
clear. The utility of comparing severe and mild type, which are
defined by presentation not genetic differentiation (Wraith et
al 2008), is of limited value in the study of behavioural
phenotypes, although is prognostically useful for patients.
These studies found that patients with the mild form had
relatively normal development while children with the severe
form reached a developmental plateau and declined at 48—
60 months (7). Of children with the severe form of MPS II 85—
90.9 % had delayed speech of two years or more, while those
with the mild form had little or no speech delay (5, 6, 7). One
study identified motor impairment in 75 % of patients (5)
while another found a plateau of motor development at
48 months and decline thereafter in all patients (7). Given
the age of participants in each study, these two findings are not
contradictory. Of children with the severe form 100 % showed
behavioural disturbance compared to 0 % in the mild group
(5). Concerns about the child were first raised at a mean age of
21 months and first signs were developmental and speech
delay, hearing problems and atypical appearance (24); 63 %
had sleep problems, 69 % could not settle, 73 % were fearful
and 42 % destructive (25).

Two studies (3, 4) scored 5 and 8 respectively. One gave
no information about recruitment or syndrome diagnosis
and used no standardised measures (3). These studies found
that behavioural problems in MPS II included over-activity
(76 %), obstinacy (47 %) and aggression (42 %).

MPS 1T

Fifteen papers investigated and two included MPS III. Of
those, three papers primarily investigated MPSIII type A,
four type B and one type C. The papers spanned eight
countries and 11 studies scored nine or above (13-15, 17,
19-25). Nine of these had sample sizes over 30, the largest
being 274; including participants from three countries (21).

@ Springer



189-200

J Inherit Metab Dis (2013) 36

192

4 I 4 4 I C I [1=231055
“20UBUNUOdUT AqNOP
PUE INOIABYD] SUIMID “MOTALTAq NI SJUSWISSISSE
QINZIdS ‘SANNOLJIP INOIABYAq AANOR uonejudsad pue PpasIpIepuUE)S
pesearout ‘douegInisip dodys :uondunysAp JUSWIIA[OAUT JATTUS0O [eINOTABYDQ JUSUWIOA[OAUL 11 SAIA Ul JUSWISAJOAUT
2ANIUS09 ANy 0} PAJR[aALId I10JB] pUB SIONIEW -0IN3U JO S} NSaI SND moyim pue srSojoInau Jo Sy vsn
A[Suons a1om sixpewt [ Area £ (%) INY OM ‘SA [eatur]o A[1ea SOJE[OLI0D) Surpnjouy 4y 14 OS (SKSTDUSINGy yna sdid saredwo)  [eorunpd Alies Apuopt o, T[0T [81° VOH "L
'sdnoid om) o) usamiaq 4 0 T T 1 1 1 6=21008
JUIRYJIP APuedljIuSIS sem ploysauy} “doudgiur
SuLIedH "20URQIMSIP A[1}I] PeY WLIOJ -INA/S 'S189) 'sadKy
PIIUW (1M 9S0Y) ‘SIBIA 7 UBY) 210U JO yooads pue SyeIpauLIdul
Kejop yo9ads 219AS PEY ULIOJ Q10AJS s130[01per pue prw II SAIAL Ut yodads BII0Y] (INOS
10 QJRIPAULIdIUL YIA UIP[IYD /T X oM ON ‘Buweay 1 14 OS (SKYI-©) I SIN 61 “010Ass saredwo)  pue SuLieay sSIsse O, 800C [ 12 04D 9
"% €'GE -PArenuane ‘o, 6°06-0I9AS
:Kejop juowidojoadp o3engue]
‘0% 1" [H-PAIBNUYE ‘0 G/-01AdS
:Aejop JudwdoaAap I0JOJA S99
-URIRJJIP JULOIUBIS-UON “(JIp ‘5IS)
% (-Pajenuane ‘o () [-2I9AdS :0uULq C 1 0 T 4 [ 1 0] =9100§
-ISIp [eINOtARYdE (TP ‘51S) % Y ssyuened
L 11-paenuane ‘o, 00 -1 :qd] *SOUO0ISIIUL DANRIUITIP Paseaddd 1D *SULIO) BOLIOWY INOS
‘SYJUOW ¢ -ULIOJ PAJENULYE ‘Syjuou pue [pyuswdo[aasp pue 40 WA parenuape pue 11 SdIA Jo sarnjeay L00T
$-UWI0J 0IOAJS }OSUO JO 93€ URIPI]A! (X) DM ‘sa 10] UAI3 08y :spuoned SuiAr 1q OIN  (SIK€5-7) T SAN LL 210A9s saredwo)) [BOTUI]D AU} SSISSE O], |CRER AT INY
‘Qoueraqnxe [njkerd,, pue
uossa13de ‘Aoeunsqo ‘AIANOR-IOAO0
Surpnpour ‘swojqoid Imoraeyeq
juonbar] ‘sieek ¢'9 ueow
JB JOSUO UOISSAITAY “1Sa1 2 10J
sqjuow /] sem yodads [njSurueswr
sy Jo o3e oSeroAe ‘oyods Ioaou
9¢/g "ooudunuUod Y3 pue Aep
paAdIYOE GE/61 "Squow £'G] oFe ! ! 0 ! < ¢ 0 L=21008
uedw payem Isiy ‘(g6—6 o3uer “UDAIS SOUO)SI[IW (s1k 11 SN Jo uwioy SN
Q1) 2ouddiour parredwr ‘Aejop JAIRIOUAZIp pue (schd ad €1-0) I SAN Q19A93S JO AI10)SIY| €861
[eyuowdo]oAop [8qO[S [WIOJ 0I0AdS (%) sa [eruowdojoAap 0] saSy Suial) 40 “UY €1 ‘1A 6€ OIN ULIOJ 19A3S 7§ QUON  [eIMJRU A dQUIDSOP O] JodieH pue Sunox ‘f
*28e yreap 29 19sU0 JuRIJIp SIS
Pey 2I9A3S 29 P[IAl INOIARYDQ [eULIOU
-qe OU pey ISOwW ‘90udSI[[IUl [RULIOU
Kjoanepar :adK) priA 01 93 £q S[IDs
118 150] PBY % (6 ‘19)JBaIaY) UOISSAIT
-a1 ‘g oFe nedjerd syrys quounred z 1 0 0 0 T 1 G§=2100g
-wi [eqoln (% 97) 2ULIQNXD pue *SOUO)SIIW JANRIDUITOP (SN 23e) 11 SAIN
(9% ) uoissaidde (o, L) Aoeuns pue [ejuawdojoAdp (schd PIIW [ € 9I9AJS ad£y 10A9s pue ad£) a10A9s pue pyrur N
-q0 ‘(% 91) A1ANIE-19A0 :2dK) 910A0S (X) SA ‘OM 10J U0AIS soSy Suian) 40 WA SN SN TS TI SN €8 priwr soreduro)  jo osmoo aredwiod of 7867 [ 10 Sunox ¢ 10Ny I SdN
‘uonout jo aguer dArssed payrur|
pey ‘suonisuen yim pa[3snns
9IS P[NOO [y "UIBWOP I0)OUW0I0] 0 0 4 4 0 0 I §=21098
oy ut skejop pey Ajrewrnd /¢ 0 SIPIS (sypuowr sanliqe vsn
*SANI[IqE J0JoW 9FBIIAE MO[2q PeY [V (x) auoN ON J010]A -INA/S 14 SN 91-§'6) (191ny) QS QuoN  Jojowr $s0IF oqLOSd  900T [B 10 Suisn( ‘7
“90URINPUD
pue uonounj 9] 10J SAI00S JOMO] k4 T 0 0 0 0 0 1 SdN $=02100§
pue ‘voueurroyiad [eorsAyd paysrurur (1eak 67—5) ur odueurioyod
-1p 0) paje[ar a3e Suisearou] “Fis-uou douewnioprad [eorsAyd (a1oyog-IaIny TearsAyd jo vSn Q19YOS-IAINH
SUONR[O1I00 ‘PaLIeA douruLIofrad [eorsAy g ) am M PIJB[OII0d 05y NI SN SN 6 “PUNH 1) 01 ouoN  omseow e dojoAdp O  (0(T e 10 sewn ‘[ /IOYdS/IdINH | SJIN
BY (o3uer Anunoo
sSurpur sonsneIS s1030e] [eyuawdororsg A3ojopoypojy  -ouSerq  JUSUNINIOSY o8e) ozis ojdureg dnoi3 jonuo) swre Apmg TR0k /10Ny

s3uipury pue ASO[OpPOIOW JO MIIADY [ J[qeL

pringer

Qs



193

189-200

J Inherit Metab Dis (2013) 36

“INOIABYAq
aAnoNNSap pue aAndnisip ‘Kynoyyip
100d ‘swnnuey 1odwd) 19, /(L
“INOIARYAq AIOJR[NWNS-J[S PUE
douerjdwoo-uou ‘uorssaidde jeorsAyd
‘swdqod sumpaq ‘fonuod asndur
Jood ‘ueds uonuaye 1ood :9, 98—/ /
moiaeyaq aandepe /jeroos /djay
-J]9s pue UONIuF09 ‘UONBOIUNWITIOD
ur $assoj Juedyrusis,
‘6 Ag 1s1 duI[odp Sy aFenSue|
pue AIOWRJN 'SIedk G'G duI[odp
ANIUS09 JO JOSUO ATRIAAY “p—¢

93 nun Jewrou redu, judwdoross

‘IJe ur uonouny
10)0W 210Joq JSO] sem yodadg
*D odky ur o, ¢¢ pue g odKy
ur 9, $ ‘9 98 210Joq BNUIWAP %,
€8 ‘v 2dA) up ‘surouoo Arewrd
QI10M BIUWIOSUI PUB SSAUSSI[ISOY
*oneweIp, a1om swa[qod
[emoraeyoqg “Aejop yooads pue
Aejop eyudwdororop A[Ied pamoys
1SOJN “uorssaifoid jsapjiwr oYy pey
¢ pue JI0AdS SSI| SeM ) ‘Yiedp
I91[1B PUB UONBISIJIUBL IOIOAIS
)oSU0 I9I[IBd pamoys y odA[

‘parednsaAul
JOU INOIABYIQ WIA[(OI] *,90UILINIO0
9)e[ JO, AIOM UONRIOLIANIP [BIUSW
pue oFen3ue| Jo SSOT "UOHOWOI0]
Ul SOOUBQINISIP M3, Jooyods Arewurid
WBAISUIBW PIPUINE JSOW * [BULIOU
Kjoanera1, sem juswdojossp yooadg
ELREN
AnIuS09 £q POmo[[0] ULIJO oIom
SONNOLJIP [BINOIABYDE “(Syjuowr
IS 10suo0 a3eroAe) uorssoi3de
PIMOYS % Sp pue (syiuow g
josuo dFeraAe) K)IAnde PIseardul
pamoys sjuoned Jo 9, ¢ ‘Ioye
-0I9Y) QUI[OP M SYIUOW 8 A]
-ojewrxoxdde je syrys Iojow ssoid
pue auy jo nedejd e pamoys
sjuaned [[y jou PIp SIOYIO A}
oym Tewkyoudied [emou pamoys
dnoi3 o10A0s oY “IoyeBAIAY)
QUI[OP QAN[AI PUE SYIUOW ()9—84
Je s[Iys Jo Jumeorerd -a1oA0g
owi 1940 dAoxdwil yorym uonouny
aandepe pue yooads ‘uopouny
9ANIUS00 9FeIoAR MO[/[EULIOU,
-pPIIAL :sadKyjouayd jounsip omJ,

‘SOUO)SIIUW ANEBIUITIP
pue [eyuowdojoadp
(0 sa

(seare [[e jou)
*SOUO)SIIU dANRIOUSTIP
pue [ejuawdojoAdp

x) sa

(seare [fe a1)

‘SOUO)SIIUW AANBIUITIP
/reruowdojoAsp

(%) duoN

S[opour paxIu
Ieaur] Suisn
passasse Juaned
[oed 10J 9SIN0D

Teyuowdooasq

“2U) 10A0
Pparopisuod doueuniopd
[eyuswdofoaapoInaN
*souoysafI [ejuatudoeasp

10} U0AIS so8y

10} U0AIS soSy

[

10J U0AIS so8y

C

10J UAIS $a8Y

NI

MY “orqrssod
arym gD

Rl

WA/S

pue g0 WI WA

SN

as ‘g

(0 as

(9) 18

sIsou
-3eip
[euLioy
pey

nq ‘SN

[4 4
(81K z2-11)
(pase202p ¢)
1T SdA tim

DN 1D USIPIYD 0¢

(SN) "D #1 pue
g 2dAgg ‘v 2dhy
SN 9¢ ‘syuoned ¢/

(SN (sdiysqrs
SN omy un) €111 SdIN 8

(L se schd oures,)
S (SIK6Z-0) 11 SdIN 08

I SdN
ur uoneIduaap
pue juowdo[oAp

"QUON. 9e3nsaAul of,

D pue
€V 111 SdN ut
Dpue g Amqeuea adKenur

‘y 2d£y soredwo)  pue 1opur oeSusoaur o

4l SdN
Jo uorssardxa
s1dKouayd

QUON. 9 9qLIOSIP O,

II SdIA ut aseasip
[es1So[oImnau Jo
uorssaigoid jemjeu

OS PuoN Ay 91e31SAAUI O],

Te 30 dwey] op uep ‘6

9=0100§
vsn

€861 Al1oM
pue IJJIPIN "[1

£ =9100S
SPUB[IDION

1861 [&
10 dwey] op uep ‘0]
£=2100§
SPUBLIAYION

9L61
oddiyues 111 SAN

01 =91008

vsn
qI10T [8 19 30H "8

sgurpury

sonsnelg

s1030ej [ejudwdojora

A3ojopoyloN

SIS
-ougelq

(o8uex

JUAUNINIIY a3e) oz1s ojdweg

dnoi3 jonuo) swre Apmg

Anunod
/Ieak /1oyny

(ponunuod) [ Aqqer,

pringer

As



189-200

J Inherit Metab Dis (2013) 36

194

61/T1

ur juosard swojqoid doafg
“INOIABYDQ 9AISSAISTe (7/8

SIy BuIIo 0g/6 “KRIxXuE (07/01
‘yono) 0 AyanisuasiadAy o0z/11
‘BUTIRAIOS ()7/7] ‘SSOUSSOISAI dIOA
-0 (07/t1 :swarqoid [einoiaeyaq
210A9s padojaadp 7 Inq [V ‘89
puE g7 U2IMIdQ SIOSN IIeYD[YM
Qweddq ] ‘yoeads ou pey SO

I I 0 4 I I 0 L=21008
‘Kejop [eyuowdororop punojord (sik ¢9
-010A9s pey syuedonied Surar *SOUOJSIIU AT)RIdUITP uonendod —81) (pasedoap 4111 SdN
¥1/€1 "S= Ae[op'asp jo jasuo pue [epuowdo[ordp 10j paydepe SP10931 pue Suralf) Jo K10ty [ernmjeu SpUBLIRION
a8e uBdIN "p9-[ sisouseip je o5y X) sa JO UaAIS 23y SINA/S 8Y 14c [ea1pN dIll SN 0T SUON oy 2eBnseAur o L00T [€ 12 SO0 ‘91
BRI
je swaqoid dogys pue Aep oy ur
InoIARYdq dAIsSaI3Se pue ssourdooys
usamiaq diysuonear e paprodar 4 z 1 0 z T 4 11=91008
SJudIRq "77—( JO ASUBI B )M S1eak ¢ (1K 72-0)
—¢ 195U0 93RIOAY "S3UI[qIS PIjoJjeun ‘s3urqrs
uey) Juonbaiy arowr Apuesyrusig uostiedwos ‘Apnys ayp 10y pajodeUN *s3urqis ‘T SJIAL ut swdjqoid eI[RNSNY VSN N
‘swdpqoxd dodys pey 111 SAN % §°16 (#)0d ‘'sa ut oqeneA se 98y pausisop WA/S SN N T SAN 171 Pjodge-UON doals apeBnsaAur O GO0T [ 12 H9SeI] G
‘porrad
INOY {7 © Ul Paplodal dIom
dooys jo soynumu moy e AJuo
juoned Juo uj "pjoep WIIAYL
URIPEOIIO ON ‘Pojuowdery
Ajowoanxo sem doofs ‘syuened z z 7 z I 0 T 11=21008
189P10 ¢ A1 Ul (§0°0>d) S[onuod (s18 02-L)
0) paredwoo uoneip daafs s3urpi0oar *S[01JU0D
dwmnAep ul dsedIoul pue uoneinp oryderd£jod Surdojaaop payojewr T SAN Aeyp
doors owm jyStu ur wononpar “BJep QuI0d)no 03 ‘D Inoy Aqreord&y 1opuas pue o8y ur o]04d axem /doays €007
1eqo[3 pamoys dnoi3 v SdN () Dd  uonejaI ur pardpisuod o8y gy ‘soueip doo[g 14 oS 9 ‘VIII SN 9  .S[onuo) AyjeaH, oy AeSnsoAur o, [ 39 IOLIBIA "¢
“(31p 318) VI SAN
uey) gl SJIN Ul juenbaiyy drow
a1om Jupjem Y3 pue Juruiouwr
Apeg S ay) ur SurySnep
10 SuiSurs ‘SulkIo ‘soylo[opaq
Summoyo 9uSw je dn Juikers
papnpoul sInoiaeyaq WmySIN
a8e ym Je[a110d Apuediiugis z z 0 0 I z z 6=21005
jou pip swojqord doog ‘worqord ‘so1prys snotaaxd
© Ud9q sKem[e pey J1 pres 08/6 (14 5T) woxy eep qdl
‘own swos Je swojqoid daafs pey awin I9A0 "ar pue 0T ‘4Ll 03 saredwo) 1T SdN 2N
PRY 9% T6 "219A3S, d1am A1 6T sa3ueyo douRqIMISIP uonemndod 1oy ‘VEb T SAN sadfiqns ur swejqoxd dogys uo 9661
ur ‘(% 8,) swojqoid doafs pey 08/79 (M sa‘og doo[s moy s1opIsuo)) paydepe-INA/S SN ) s opdoad g soredwo)  uonewLoyul IdYIeS O] [ 19 JIIA[0D "€
‘Jsow 10j S,Op pue s,0¢ oyl
Ul PALINdO0 BIJUAWIA(] "SSAUSSI[ISI 0 0 0 [4 0 0 0 {=21008
pue 90UBQINISIP [BINOIABYD] SPUB[IOYION
o1pourad pey [[e enULWAP 1861 dureyy
JO 13su0 Jy) 19y "doueqInISIp (SN) (SIK €p—¥€) BIHUIWP 9p UBA pUB Y[eA
doos ardass jo sporrad ] Ioje] ‘Apms 4 111 SdN PITIN Aprys Sunesnsaaug op-urasuaforyog
L/L “yuowdojorsp Ajres [ewrou //9 (x) duoN ur gIi1 SdIN s1eSnsoAuf RRRcie) 1 SNOIAdIJ s syuoned £ dn morjoy ‘ouoN ‘g Aprug 01 dn moj[o] ueA ‘71
SIS (o3uer Anunoo
sSurpur,j SONSIIRIS s10j0e] Teyuowdoforaq A3ojopoyiojy  -ouSelq  JUSUIINIINY 93e) ozis ojdueg dnoi3 jonuo) swire Apnyg Ik /101Ny

(ponunuos) 1 JqeL,

-~
)
o0
=

o=

=
o

%]
Sl



195

189-200

J Inherit Metab Dis (2013) 36

“PAjeNUANE PUE SJRIPIULIAUL “QIIA
-0S ‘suonEINW AUSS JUAIRYIP YIM PaLy
-nuapr sdnois ordKjousyd ¢ "uonouny
J10j0u1 popadaxd sAeme yooads Jo
SSO] PUE JUIBd] SPIOM MaJ & A[uQ "¢ o5e
a10Joq Ae[op Iojowr pamoys sjuned [z
‘04, G6 Ul G 9Fe 210Joq Aejop [eyuswdo
-[oA2( "Suryem [euanoou jusnbayy pue
dodyse Sur[ey sonNOUIIP (%, 96) SWI
-qoid doafs pey 6//9/, 'UOWIIOD d10M
AdK10219)s pue Karxuy “syy WA pue
swnnue) 1oduwe) ‘Ssaussa[)sal awan
-X9 19, L6 Ul swid[qoid [emoraeyog
183K 15T Ul Juswdo[oAdp [BULION- 08/6L
'S'Th upw Y[em 01 AJiiqe pue
G¢ upw yoaads Jo ssoT Juswdojorap
Jo uoneuSe)s, Aq pamo[[0} uoIssaIZar
JIomols yonur :9d£) pajenuapy
"1 upu )50 Sunyjjem G/ a3e
upu 3s0] Yoaads :(%, 17) edKouayd
919/ “Funyem jySiu /doojse
Sul[ey SONOLYIP %, €9 “MOIALYq
QATONIISIP PUB JAISSAISTE “S)f
Surk1o ‘sunnue) 1odwo) ‘ssaussafisar
Quanx2 ‘Jurpnour ‘g oSk uerpaw
pajou 351 ‘stwd[qoid [emorAryaq
pake[dsip o, ¢6 (1 05w uepou)
% S6 Ke[op [ejuswdojoadp :ugis sy

's1e0k [ €[ 350
Suny[eay “[[e Ul duI[ddp Iojow papadad
129ads Jo sso "Gz 93e punore
1SO[ PUB G"6—¢ PA}ILIS UOHBIOLIOP
“[Ie ur pajeniut yodadg ‘9, 98 Sunyem
S pue urwiowr A[1es ‘suwjqoid
Surmoas ‘eoueqimsip doo|s s[[rys
Jo ssof pue 5. s paur[oop swejqord
[emoIARYdg “Surueaios pue SwAI
‘swunnue) 1odwo) “IorAeyaq dnoeyd
pue ssopsal ‘Jurpnjout [[e ut swajqoid
InorAeyaq oAIssaISo1 “swajqoid
[emoiAeyaq pue judwidojeasp
1030woyoAsd pakejop ‘sreak
"¢ oSe ueow :SUFIS ISI1,] ‘TBAA ISIIY UL
[Ie Ul [ewLiou Juawdo[oAdp J0JOWOYIASJ
“IOMO[S SEM UOISSAIZAI g  Te[Ius,
sem gJ[] SJIA Ul UOISSaI3a1 JO 105U
‘'8 PUB ¢'¢ So3€ U0oMIOq OFRIOAE U0
paumndo AyanoeiodAH ‘ssardar 0 jsiy
o2adg 's1eak ¢*¢ sem uonounj d2ANIUZ0d
pue I0j0ur ‘Yoaads Jo uoissargor
JO 10SUO OFBIOAY "SSOURTEME JoFuEp
JO yoe] pue uorssaIs3e KnanoerodAy
‘swopqoad dogys :swordwiAs ajqeaonou
jsu1,] "s1edk Gy pasouSerp a3e aFeroAy
‘stpuowt /, swiopdwiAs jsny Jo 93w aFeroAy

‘UQAIS SOUOISa[IU
[euawdojossp
() om'sa

‘UQAIS

swajqold [emoraeyaq

JO 19SUO PUB SOUOISI[IW
TeyuowidoroAap

() sa

-o8e 0) parejar
1noiaeyag paddewr

(x) sa souoysoyiuu [eyuewdojordq

1900
SOUO)SI[IW [BINOIABYIQ

pue [eyuawdo[oAp

(%) sa

103 so3e oSeroAy

10J sage aFeroAy

yoIyMm Je oSk s0)ednsoAu]

0

'S9J0U [eIIpaut

JO M31AdI
:paseana(]

aneuuonsanb

pue g :BulAr]

Y :suened
paseadag
‘I pue 4D

:syuaned uiary

0
WY :syuened
paseaoa
NI HD
:syuaned Surary

NI

(s1K
96-8) (paseaoap
pue SuiAlp)

13 O VI SdA 01T

(SN) (paseadop
pue SuIAl])

13 O dlll SdN 7+

(s1k
1q O 8t—) DIII SAA 6T

(s1£ ze-1)
DIl SAN

t Il SdN
1 =s[0nuo)

13 OS ‘U VI SdA 1L

*SULIOJ PJiw pue

VIII SN

ul UONe[oLI00
adKyouoyd-odiouad
pue wnnoads

2I10A0S soredwio)  [eOTUI[O AeSNSIAUL O,

‘paredwos adKy
parenuane pue
[BOISSB]D) "QUON

411 SdN
JO 0SIN0D [eIjeU
oty dreSysoAur o,

OIII SdN
Jo wnnoads
o1ouas pue [edIUId

01 =9100§

SpUB[IOYION
q010T
T 10 IeIS[eA "0T

01 =21008

SPUB[IAION
BO10T
[ 19 Ies[eA 61

8=0100S

NULEREIIEING

QUON ot 21eSyseAUr 0 £00T [B 10 1y 8]

VI SdN
Jo K10js1y [ernjeu

O+d 1T SdN

71 =21008

Aueurion

o) 23eSNSAAUT O], £00T [ 10 TAIN "L

sgurpury

SONSIIRIS

s10108] [eyuawdo[oAsq

A3ojopoyioN

.o:wm_.ﬂ

SIS (o3uer
JUSUIININNY 93e) ozis ojdueg

dnoi3 jonuo) swire Apnyg

Anjunoo
Ik /101Ny

(ponunuos) 1 JqeL,

pringer

As



189-200

J Inherit Metab Dis (2013) 36

196

% LS ‘9AIssaId3e ‘o[qejorpaidun fswop
-qoid moiaetyaq Jo doudeadrd 3say3iy
“ddusunuoour ‘0] oSe Jopun Ajjiqou
Poo3 ‘suody Apres £q Appuanyy oayods
% 01 ‘uawdo[oAdp AJIEd [BULION

“II1 SAIL T8} % € *3[1IS JOUULD 0 I [4 0 0 C 4 C 6=2100§
69 “0AIINNSIP 9, 7§ ‘Swojqoid doays ‘owios
9% €9 ‘saoudjuds Ul eads 03 9[qe %, t 0] JISIA dWOY (y7 se
rem 0} dqe %, 76 - I1 SAIA ‘Tensnun + (1e150g) sdyd swreg,,) (s1£
sI ()] paSe puokaq [BAIAING "9[NAS saInseawr +1-0) ‘TII SdA
JOUURD % [ ‘[IJIBIY % G9 ‘SAOUNUIS ‘Y1-01 PU® 65 ‘40 parepijea 96 ‘Il SAN siapiostp p(8}
ur yeads 03 9[qe 9, ¢¢ ‘swjqoid ‘suostredwos 10§ sdnoid pasipIepue)s 8 ‘I SAN ‘SIOPIOSIP SdIA Ul INOIABYDq S661
doays 9% 6 MM 01 d[qe %, LS-T SIIN (X) S 93e ojut uAIP[IYO SAPIAI uo paseq NI SN YO 6 UIPIIYD 8ST S saredwio) QJEBNSOAUT O J[[IA[0D) Pue Xeg "$T
“(sypuows 61)
souereaddy -AT SN “(Sypuow
L) S9Bud[[eYd [eINOIARYSQ puB KB
-op [eudwdojoaap pue oenduey -[1f 1 z 0 0 T T 4 6=2100§
SN “(syuowr [7) oouereadde pue S(SIK $1-0)
swayqoxd Surreay ‘Aejop [ejudwdojos Al S€ “TII SdN SI10pIOSIp SN
-op pue a3en3ue] -] SN (Syruow swoydwAs pue 901 ‘Il SAN 'S19p1OSIP SN Ut uoneuasald S661
€1) oouereadde - SN — SUSIS 1SIL{ (X) sa Susis AJ1ed sojesnsoAu] (e1s0d) I SN UDN ¥S ‘T SAN €9 SN seredwo) ALred 2)eBnsoau] - Xeq pue AIIAI0) 'vT Al PUe III ‘I ‘T SN
‘01 oSe
reyuswdororop wnuixey ANjiqe
aAnuS0d Jo wnioads 1opim
pamoys adKjouoyd pojenuony
p—¢ Jo a3e [eyuowdojoaap 1 0 1 T z 4 1 6=21005
wnwixew e payoeal (89—1)passay 111 SdN
Arerouas,, adKjouoyd oronsg yuotdoroAdp 6€ ‘paNNIoaI ur juowrdojosop SPUB[IOUION.
"I Ul uoneLeA J]qed By, (X) sa ON  9ADIUZ0O -NA/S 14 O 1T SdIN69 OS PUON  2ANIUFOD $IETNSIAUL  [[OT [€ 10 TBIS[EA "€T
'SIBOK G'¢ Sem SUIOdUO0d
[eInoIARY2q pue [RUdWdo[oAdp YIm
PAIBIOOSSE UOTIBI[NSUOD [BIIPAW ISIL]
10 o5 uerpajy ‘81/L1 10J 23e [o0yds
910J0q opewr (] JO sisoudel
'SIBOA / SeM SPIOM JUIBI] JO SSO|
10J 95® UBIPIJA| "SIUAUSS PIOM €—T
UL} 2I0UI 35N 0] UO JUOM IOAJU pUB 1 1 0 T T 1 T 6=2100§
sypuowr g 210J9q piom d[Juls e Aes (1K 67-6'1)
J0U P[nod (O7/1 [ “Syiuow g 210§oq “UQAIS souo)safI ‘pauruLIR}ep D pue g ‘v 11 SdN uopamg
[eM PINod 0Z/61 9'T1-6'1=D ‘€'¢ 9ANBIOUAS0p puE 00T ou T D¢ ‘dl sodfiqns JO 9sImod Tesrur[d 010C uossuey
=¢ ‘8’9 ueIpow=Y :SISOUTeEIp 10} 3Ty (X)sa  [mudwdo[asdp 10 safY IO pue ¥y 14 —SL6I DN “VSI-III SdA 7T saredwo) ) 2)e3NsaAUL O, pue Wiep ‘7T
‘uorssargord
JIOMO[S B PRy pue I9je| pasouserp
sem D) odA] g uey) v ur ssaidoxd
U_Q.m\— SIoW I0J puag) JUd)SISUOD
INQ ‘puNOJ SOIUAIJIP JuLdIUSIS
ON'd¥LDISd8S VY
LINOIABYQ [BULIOUQE JO 13SUQ) " 99
D €64 Lg 'VTe Keop oanu50o z z 0 z z z z 71=21008
JORSuO'AECTDETATT VI (SN) 200010
‘Bupj[esm 10§ o8e UL " % €8 ‘O *(0T 999210 pue “oouel I SdN
% LL ‘D % 69 V % SL :ANOIARYaq *SQUO)SI[IL [EINOIABYAq 971 3N ‘8T -IeA JEUONRU PUE Jo A10)81Y JRINMEU AN
[ewrouqy, ‘d % 99 D % 6 ‘d % pue [eyuawdojoAdp douel] :ul [| 111 SdIN Jo sadAy pue aouaproul Jouel]
88 ‘V % €6 :Aejop a3en3ueT :00uer] uf X) D9OM ‘Sa 10J UOAIS soSe o9FeIoAy NI 14q yD DN SdIN YiM sjuaned -qns soredwo)) Q)eINSOAUT O],  ()[(T [ 19 ‘UOIdH "7
SIS (o3uer Anunoo
sSurpur,j SONSIIRIS s10j0e] Teyuowdoforaq A3ojopoyiojy  -ouSelq  JUSUIINIINY 93e) ozis ojdueg dnoi3 jonuo) swire Apnyg Ik /101Ny

(ponunuos) 1 JqeL,

-~
)
o0
=

o=

=
o

%]
Sl



197

J Inherit Metab Dis (2013) 36:189-200

(ou 10 $9K) [01U0D JoUnSIP AJ[BO1OUSS WO PUNoy “JIp "Sis=(x 10 A) ‘poIeaId [dpowl UuoIssaIsa pyy ‘dnoid
[01U09N JOUNSIP AJ[eoNUSS puB AUWIOIPUAS UIOMIOq SINSHE)S dANRIRdWO0d Hg ‘SUONEB[AII0D SWIOIPUAS UM Y4 ‘Sonsiels Aneredwod swoIpuks urm 4 ‘sofejuadrod/sonsnels oandiosop g

sonspeg

SOINSBAW PIJEPI[BA/PISIPIEPURIS J4/4/S ‘MIIAIIUL [BIIUI[D 7)) ‘Sl APNIs AY) SSQIPpe 0} PouSIsap Ireuuor}sanb o1eIouAsoIpr j7 ‘SpI0odl [BIIUI[O JO MIIARI Yy ‘UONBUIUEXD [BOIUI[O 7))
:A3010pOYIdIA

sisougerp Surqrs (7§ ‘sermyedy ordKjoudyd/eorsAyd 77 ‘Sunss) onouasd 10 SWAZUD [

U0 PIseq SISOUSBIP dWOIPUAS

sonueyd ddnnw yHpy ‘Aurey) yH ‘sorurd djdnnur 1o Sanuad d1ISOUSEIP Urew Dy 9Nudd dsousderp 1o Julld d[3uls Hg
JUAUNINIINY

‘uaIp[Iyd Surdofosp AJreord4) uo pasiprepuels ameuuonsanb Gg

:dnoas jonuo)

X9} Ul paly1oads A[1es[o j0u SN

:91qe) 03 Aoy]

siuedionted sweg ,

'sqoad dag[s o 1 “+G swajqord
INOIABYRQ M3, "Appuanyy aods 9,

96 2I[em 03 9[qe 9% 8 -Al SdIN "SI0y
[rews oy ur Surydney 9, ¢ ‘Osnoy oy
Suropuem 9, g¢ W3 e dn Suikeys
% St sworqord doays 9, 98 “quinyy
payons o, /£ Suniq pue Surynowr ‘[ny
-IBJJ % GG ‘SSO[ISAL 9 (9 “VANONUSIP

SIS (o3uer Anunoo
sSurpur,j SONSIIRIS s10j0e] Teyuowdoforaq A3ojopoyiojy  -ouSelq  JUSUIINIINY 93e) ozis ojdueg dnoi3 jonuo) swire Apnyg Ik /101Ny

(ponunuos) 1 JqeL,

pringer

As



198

J Inherit Metab Dis (2013) 36:189-200

These sample sizes are large for such a rare genetic disorder
and suggest a good representation of the MPS III population.

Two studies, both scoring 11, utilised validated method-
ology and demonstrated a statistically significant difference
between syndrome and genetically distinct control groups
and therefore identified phenotypic behaviour (14, 15). One
study utilised age and gender matched controls (14) and the
other sibling controls, thus controlling for physical and
social environmental factors (15). One study (N=6 MPS
IITA) utilised electroencephalogram (EEG) and polygraphic
recording (14), while the other had a large sample size (N=
141 MPSII (mixed)) and utilised validated questionnaires
(15). Both studies demonstrated that children with MPS III
experience significantly more sleep problems than controls,
with one identifying no circadian rhythm in children with
MPS III A (14). Therefore, sleep disturbance can be said to
be part of the behavioural phenotype of MPS III. Five other
high quality studies identified sleep as a major problem,
with prevalence rates between 78 and 96 % (13, 17, 19,
20, 25) and included difficulty settling, early waking, night
waking, staying up at night, chewing bedclothes, crying,
singing or laughing in the night (13). Sleep problems corre-
lated positively with challenging behaviours in the daytime
(15).

Six additional studies utilised genetically distinct com-
parison groups; four comparing MPSIII subtypes A-C (13,
17, 21, 22) and two comparing MPS types I-IV (24, 25).
However only two made statistical comparisons between
sample and control groups (13, 21); one finding no signif-
icant difference in the overall occurrence of sleep problems
between MPS III subtypes and the other more early morning
and night waking in MPS III type B than type A (13). This
cannot be said to be part of the MPS IIIB phenotype as the
study did not use validated methodology. A trend for earlier
onset and faster decline was identified in type A than B and
C (21). Age of onset of cognitive delay increased across
types A-D respectively (21). One study compared results to
findings from previous studies in an ID population (13)
which is less useful, as methodology and definition of ‘sleep
problems’ may be different.

High quality studies with no genetically distinct compar-
ison group found linguistic and motor development ‘nor-
mal’ in most children for at least the first year. Mean/median
age for first signs and symptoms differed between subtypes,
from 2 years 3 months to 5 years, with some cases not
diagnosed until their third decade and one person diagnosed
aged 66 years (19, 24). Initial concerns related to language
and developmental delay and sometimes behavioural prob-
lems (24). Rates of decline varied throughout the studies,
although cognitive and linguistic skills consistently declined
in advance of motor skills (17, 20). MPS III had higher rates
of behavioural problems than the other MPS disorders (25),
with prevalence rates varying across studies (69-97 %)

@ Springer

possibly due to the age of participants and the criteria for
‘behavioural problems’ or ‘abnormal behaviour’ (20, 21).
Behavioural concerns were consistent across high and low
scoring papers and related to restlessness and hyperactivity
(10-12, 1620, 25), aggression (11, 15-17, 19, 25), temper
tantrums (11, 18, 19, 20), unusual affect, i.e. laughing /
screaming/ crying (13, 16, 18, 19, 20, 25) and orality (13, 25).

Six studies scored below nine (9, 10, 11, 12, 16, 18).
These studies also identified sleep as a major problem in
MPS III, with prevalence of 63 %—100 % (10, 12, 16, 18).
One study found behaviour problems beginning between 5
and 7 years and declining with age (18).

MPS IV

No studies investigated MPS IV exclusively, but it was
included in two high scoring studies, which found concerns
were first raised at a mean age of 19 months and were
primarily associated with the child’s appearance (24).
Children with MPS IV had good mobility, few behavioural
problems past age five, and 96 % spoke fluently (25). Some
sleep problems were observed and many were incontinent
before age ten.

Discussion

Two studies clearly contribute towards the understanding of
the behavioural phenotypes of the MPS disorders (14, 15);
demonstrating that sleep and circadian rhythms in children
with MPS III are significantly different to matched controls.
Sleep disturbance can therefore be considered part of the
behavioural phenotype of MPS III. Several studies investi-
gating MPS I-IV received methodology scores high enough
to be considered to contribute towards the understanding of
the behavioural profile of each syndrome. In MPS I and I,
fearfulness and sleep problems occurred in most cases. In
MPS 1I participants with the mild form were found to have
relatively normal development and few or no behavioural
problems, while those with the severe form had behavioural
problems, delayed speech, delayed development and limited
motor function. In MPS III sleep disturbance and frequent
behavioural problems relating to; aggression, hyperactivity,
orality, unusual affect and temper tantrums were identified
in a number of high quality studies. Children with MPS IV
had good mobility and speech and few behaviour problems
but distinct physical features.

Review limitations
Search terms were selected to target all seven MPS

disorders, but 15/25 solely investigated MPS III, probably
due to prevalence and challenging behaviour being more
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problematic in MPS III. The review exclusion of studies
examining physical and medical features meant that the
number of papers examining MPS 1, II, and IV, where these
are primary features, was lower. No papers investigating
MPS VI, VII or IX were found given the extreme rarity of
these disorders and the review inclusion criteria of n>4.
Papers were scored based on the contribution they made to
the phenotypic understanding, rather than simply the quality
of the paper, even though none explicitly investigated BPs.
The scoring system utilised was based on the extant litera-
ture on methodology in BP research and may have further
utility with further refinement.

A difficulty in describing the behavioural phenotypes of
the MPS disorders is the degree of phenotypic variance. In
MPS 11, this has resulted in the subtypes ‘mild’ and ‘severe’,
but variance is high in all the disorders (e.g. age of diagnosis
in MPS III was found to range between 1 and 64 (16)),
which makes it difficult to define a single phenotype and to
identify statistically significant differences in future con-
trolled studies.

Research implications

Obtaining sample sizes sufficient for inferential statistical
analysis is problematic in rare disorders (Flint 1996) and a
limiting factor in many of the studies in this review. Limited
participants should not preclude research into rare disorders
and sample sizes should be considered with regard to epi-
demiology of the syndrome. Further, small sample sizes
often result in syndrome populations being considered as a
whole, rather than divided into age groups and future
research should consider age and adopt a developmental
perspective (Karmiloff-Smith 1998).

Best practice in BP research involves the use of stand-
ardised measures, but phenotypic behaviours are often un-
usual and not measured by existing tools (Flint 1996).
Future research should use existing validated tools along-
side idiosyncratic measures or new measures designed and
validated for specific syndrome populations. Identifying a
suitable control group is problematic in BP research,
especially the MPS disorders; as few other populations
combine such a degree of physical and intellectual dis-
ability. Many studies in this review were uncontrolled,
however, using age and cognitive functioning matched
controls could identify behaviour specifically associated
with the syndromes.

A limitation of the studies reviewed was the imprecise
terminology such as ‘behavioural problems’, ‘playful exu-
berance’, ‘faddy’ and ‘temper tantrums’. Further detail
about type of behaviour, frequency and intensity and the
developmental and environmental context in which it occurs
is necessary to map MPS behavioural phenotypes (Arron et
al 2011).

Bone marrow transplants and Enzyme Replacement
Therapies (ERTs) have been found to be effective for MPS 1
(Dumas et al 2004) and ERTs have reduced symptoms in MPS
II. These treatments are widely used, thus limiting the feasi-
bility of further natural history or BP studies in these disor-
ders. Treatments are currently in development for both MPS
[T and MPS 1V, but are not yet widely used, which means that
conducting natural history and BP research in these two
syndromes should be a priority.

Clinical implications and conclusions

Phenotypic behaviour can be mediated by the physical and
social milieu (Oliver 1995; Hanley et al 2003). Therefore,
once a BP is identified, clinicians should plan and evaluate
early interventions for anticipated difficulties in the popula-
tion. Families with a child who has MPS III may benefit
from education about sleep hygiene early in their child’s life
to reduce the impact of sleep disturbance on their child and
family. Both melatonin and behavioural interventions have
been found to improve sleep for some individuals in this
population but require further research (Fraser et al 2005).
Families with a child with MPS 1I or Il may require early
access to appropriate clinical services for support in manag-
ing challenging behaviour and paediatricians should consid-
er making such referrals. Clinicians working in community
services should be aware of the early signs of MPS II and III
to improve early identification and diagnosis. Efficacy of
behavioural interventions should be tested for these small
but important populations.

Conflict of interest None.
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