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ORIGINAL RESEARCH

Determinants of quality of life in Rett syndrome: new
findings on associations with genotype

Jonathan Mendoza, ' Jenny Downs

ABSTRACT

Background Rett syndrome is a genetically caused
neurodevelopmental disorder associated with functional
deficits and comorbidities. This study investigated
relationships between genotype, functional abilities and
comorbidities and quality of life in Rett syndrome.
Methods The International Rett Syndrome Database,
InterRett, was used as a sampling frame for this
observational study. Information was collected to
describe functional abilities (walking and feeding), health
(Sleep Disorder Scale for Children, the Rett Syndrome
Behavioural Questionnaire), parental health (12-item
Short Form Health Survey) sociodemographic factors
(parental employment and education) and quality of life
(Quality of Life Inventory-Disability) for 210 individuals
with Rett syndrome. Univariate and multivariate
regressions were used to analyse the relationships
between the independent variables and quality of life.
Results Compared with individuals with the p.Arg270*
mutation, those with the p.Arg294* mutation type had
the poorest quality of life (coeff —12.81, 95% Cl -23.49
to 2.12), despite this being recognised as a clinically
milder genotype. Overall better walking and feeding skills
and seizure parameters were more associated with better
quality of life and poor sleep and behavioural difficulties
with poorer quality of life.

Conclusions These findings suggest that genotype,
functioning and health each have implications for quality
of life and should be considered when counselling
families and planning clinical and support management
strategies.

INTRODUCTION

Rett syndrome (MIM:312750) is a rare neurode-
velopmental disorder affecting approximately 1 in
9000 live female births.' The condition is character-
ised by largely normal early development followed
by a regression of acquired hand and communica-
tion skills. It is defined by four main criteria: loss
of hand skills, loss of communication skills, hand
stereotypies and gait abnormalities.?

Caused by a mutation in the X-linked MECP2
gene,” Rett syndrome is a severe life-limiting
disorder* with impacts on multiple body systems®™’
as well as being associated with severe functional
impairment. The clinical spectrum is broad and
varied and closely linked to the underlying geno-
type.> ' Those with the p.Arg133Cys, p.Arg306Cys
and p.Arg294* mutations or C-terminal deletions
are generally milder in severity than those with the
p.Argl06Trp, p.Argl68*, p.Arg255%, p.Arg270*
mutations.® ° Individuals with milder mutations

,"* Kingsley Wong," Helen Leonard

1

generally perform better in terms of functional
outcomes such as hand use and mobility® and those
with the p.Arg133Cys mutation are most likely to
have verbal skills."!

Epilepsy is diagnosed in around 80% of indi-
viduals and can range in severity according to age
of onset, drug responsiveness and seizure semi-
ology.®> 1*™** Sleep disturbances, with night waking,
night laughing and screaming being distinctive
features, also affect a similar proportion, though
in general the prevalence decreases with age.
Lower respiratory tract infection was identified as
the most common cause of death in our Australian
population-based longitudinal dataset* although in
an international sample, only one in five had been
admitted to hospital on this account in the previous
5 years.'® Growth retardation is a common feature
with one in three having a gastrostomy placement
usually because of feeding difficulties or inadequate
weight gain.'” Longitudinal data demonstrated that
nutritional status appears to improve postgastros-
tomy but there was no evidence of improvement
in other outcomes such as episodes of illness or
time spent in hospital or of any positive impact on
parental physical or mental well-being."”

Parental well-being has been investigated both
cross-sectionally'® and longitudinally® in Australia.
The child having frequent sleep or behavioural
disturbances, as measured by appropriate domains
of the Rett Syndrome Behaviour Questionnaire®
and the type of MECP2 gene mutation were each
associated with later poorer parental physical well-
being while the child having enteral feeding was
associated with later poorer emotional well-being. "’
Because of the multiple impacts of Rett syndrome
both on those affected and their family, the quality
of life (QOL) of both groups is a developing area
of research.”!

The WHO defines QOL as a “broad ranging
concept affected in a complex way by the person's
physical health, psychological state, personal beliefs,
social relationships and their relationship to salient
features of their environment”.?* Principles for the
measurement of QOL particularly in the context of
intellectual disability have indeed been proposed.*
These include the following: involving the degree
to which people have life experiences that they
value; reflecting domains that contribute to a full
and interconnected life; considering the context
of physical, social and cultural environments that
are important to people and including measured
experiences both common to all humans and those
unique to individuals.”® Based on extensive quali-
tative data, the Quality of Life Inventory-Disability
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(QI-Disability) comprises six domains that are consistent with
these principles.”’ These are physical health, positive emotions,
negative emotions, social interaction, leisure and the outdoors
and independence.”* Thus, this current study aimed to assess
QOL in Rett syndrome employing QI-Disability which has been
validated for children and adults affected by this disorder.**¢
Factors such as age, mutation type, health and functioning
were investigated for their impact on QOL, adjusting for family
factors including socioeconomic status.

METHODS

Data source

The International Rett Syndrome Phenotype Database (Inter-
Rett) was established in 2002 to create a central database for
Rett syndrome.”” Families of cases registered with the data-
base who had participated in a 2015 follow-up study’ ** which
required them to be English-speaking and for their child to have
a pathogenic MECP2 mutation, were telephoned and recruited
to a 2018 follow-up study. The questionnaire inquired about
aspects of health, QOL and parental well-being. The question-
naire was administered mainly online using REDCap (Research
Electronic Data Capture) software.”” Paper questionnaires were
administered to four families.

Independent variables

Mutations were grouped as C-terminal deletion, early trun-
cating, large deletion, p.Arg106Trp, p.Arg133Cys, p.Argl68%,
p.Arg255*,  p.Arg270*, p.Arg294*, p.Arg306Cys and
p-Thr158Met, and all other pathogenic mutations were grouped
as ‘other’. Current age was categorised as ‘younger than 12
years’, ‘12-18 years’, ‘19-28 years’ or ‘older than 28 years’.
Mobility was categorised as follows: ‘unable to walk’, ‘walks
with assistance” and ‘walks with no assistance on most surfaces’.
Feeding pattern was separated as: ‘full tube feeding’, ‘partial
oral and tube feeding’ and ‘full oral feeding’. Seizure frequency
over the previous 12 months was categorised as: ‘not controlled
(daily/more than once a day)’, ‘occasionally (once per month or
week)’, ‘completely under control (at most twice a year)’ and ‘no
epilepsy diagnosis’. Antibiotic use for respiratory infection over
the last 12 months was grouped by the responses: ‘2 or more
times’, ‘once’ and ‘not at all’.

The Sleep Disorder Scale for Children (SDSC) is a validated
measure for reporting sleep problems in children.’” The SDSC
comprises 26 items that are rated on a five-point Likert scale
and group into six subscales. The disorders of initiating and
maintaining sleep (DIMS) and the disorders of excessive somno-
lence (DOES) subscales were used for the current study. Each
subscale was scored through the summation of all the subscale
items. The scores were then compared with the normative data
reported in the initial validation paper®® as follows. Each score
was subtracted from the mean subscale score divided by the SD
of the normative DIMS or DOES dataset to calculate a z-score.
The z-score was then transformed to a t-score by multiplying
by 10 and adding 50. The t-score was dichotomised as: scores
within normal range (‘below 70’) and scores outside of normal
range (‘70 and above’).

The Rett Syndrome Behavioural Questionnaire (RSBQ)* was
included in the questionnaire. The RSBQ comprises 45 items
which are rated on a three-point Likert scale and group into eight
subscales. For the purposes of this study, general mood (eight
items, total possible score=16), breathing problems (five items,
total possible score=10), fear/anxiety (four items, total possible

score=8) and total score (45 items, total possible score=90)
were included in the analytic models.

Parental employment was grouped by the combined employ-
ment status of the mother and father. It was categorised as:
‘both full-time’, ‘one full-time one part-time’, ‘one full-time one
homemaker’, “at least one retired’ and the rest of combinations
were grouped as ‘other’. Highest education level achieved by the
mother was categorised as ‘university degree’, ‘trade/technical
certificate’ or ‘secondary school and below’ and other responses
where the biological mother was not known were assigned to a
‘missing’ category.

The 12-item Short Form Health Survey (SF-12) was included
in the questionnaire to assess the health outcomes of the person
answering the questionnaire’’ The SF-12 has two subscales:
Physical Component Summary (PCS) and Mental Component
Summary (MCS) which assess the physical and mental well-
being, respectively, of the person answering the questionnaire.

Dependent variable

The domains of QOL for adults with Rett syndrome have been
found to be similar to those for children with Rett syndrome.?®
Therefore, QI-Disability, a validated measure for QOL in chil-
dren with intellectual disability including individuals with Rett
syndrome** was considered appropriate to assess QOL for all
individuals with Rett Syndrome in this study. The measure
comprises 32 items that are rated on a five-point Likert scale
and group into six subscales: physical health, positive emotions,
negative emotions, social interactions, independence and leisure
and outdoors. Following transformation to a 100-point scale,
item scores in each subscale were summed and divided by the
number of items to give a subscale score. The mean of the six
subscale scores was calculated to give the total QOL score.

Statistical analyses

Descriptive statistics were used to characterise the study vari-
ables and describe their distributions. Univariate and multivariate
linear regression models were used to estimate the relationship
between the dependent and independent variables. Three multi-
variate models were developed characterised by the inclusion of
(1) age, mutation types and socioeconomic variables, (2) age,
health, function and socioeconomic variables and (3) age, muta-
tion type, health, function and socioeconomic variables. Esti-
mates and their Cls were reported. Missing data were considered
to be missing at random. Data were analysed using Stata 15.1
(Stata, College Station, Texas, USA).

RESULTS

Child and family characteristics

Questionnaires were administered to families of 232 individ-
uals with a confirmed pathogenic MECP2 mutation with 215
returning a completed questionnaire. The 210 subjects whose
parents returned the questionnaire and for whom full mutation
details were available formed the study case group. The ques-
tionnaire was completed mostly by the natural mother (87.1%)
followed by the natural father (9.1%) and in a small minority by
other family members. Most (n=199, 94.8%) individuals lived
in the parental home and the remainder lived in a group home
or community residential unit.

Frequency distributions by age groups, mutation types,
mobility, feeding patterns, seizure frequency over the last 12
months, antibiotic use for respiratory infection over the last 12
months, parental employment, mother highest education, and
sleep t-scores are shown in table 1. The age of the individual
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Table 1 Characteristics of individuals with Rett syndrome (n=210)
Variable Level N (%)
Age groups 12 and younger 33(15.7)
12-18 years 87 (41.4)
19-28 years 52 (24.8)
28 and older 38 (18.1)
Mutation types p.Arg270* 11(5.2)
C-terminal deletion 19(9.1)
Early truncating 14 (6.7)
Large deletion 14 (6.7)
p.Arg106Trp 11(5.2)
p.Arg133Cys 16 (7.6)
p.Arg168* 26 (12.4)
p.Arg255* 29 (13.8)
p.Arg294* 14(6.7)
p.Arg306Cys 12 (5.7)
p.Thr158Met 22 (10.5)
Other 22 (10.5)
Mobility Unable to walk 71 (33.8)
Walks with assistance 65 (30.95)
Walks with no assistance on most 72 (34.3)
surfaces
Missing 2 (0.95)
Constipation Present with moderate or major 97 (46.2)
impact
Present with no or minor impact 86 (41.0)
Absent 26 (12.4)
Missing 1(0.5)
Feeding patterns Full tube feeding 41 (19.5)
Partial oral and tube feeding 60 (28.6)
Full oral feeding 108 (51.4)
Missing 1(0.5)
Seizure frequency over Not controlled (daily/more than 27 (12.9)
the last 12 months once a day)
Occasionally (once per monthor 68 (32.4)
week)
Completely under control (at most 55 (26.2)
twice a year)
No epilepsy 60 (28.6)
Antibiotic use frequency  Two or more times 29 (13.8)
for respiratory infection  opce 46 (21.9)
over the last 12 months Not at all 134 (63.9)
Missing 1(0.5)
DIMST t-score 70 and above 55(26.2)
Below 70 150 (71.4)
Missing 5(2.4)
DOES# t-score 70 and above 37 (17.6)
Below 70 164 (78.1)
Missing 9 (4.3)
Variable Mean (SD)
RSBQ§ (n=210) General mood 49(3.9)
Breathing problems 3.8(3.1)
Fear/anxiety 3.1(2.0)
Total score 32.8(13.6)
SF-129 (n=210) Physical Component Summary 50.1 (9.4)
Mental Component Summary 44.7 (9.0)
Variable Values N (%)

Continued

Table 1 Continued

Variable Level N (%)

Parental employment Both full-time employed 60 (28.6)
One full-time and one homemaker 60 (28.6)
One full-time and one part-time 37 (17.6)
Other 31(14.8)
At least one retired 22 (10.5)

Mother highest education University degree 130 (61.9)
Trade/Technical certificate 29 (13.8)
Secondary school 47 (23.4)
Missing 4(1.9)

*P-value < 0.05

tDisorders initiating and maintaining sleep
tDisorders of excessive somnolence

§Rett Syndrome Behavioural Questionnaire
9112-item Short Form Survey

with Rett syndrome at questionnaire completion range from 6
to 51 years (median 18 years and 2 months). About two fifths
(41.4%) were aged 12-18 years and a quarter (24.8%) in the
19-28 years group. Among the mutation types, the most prev-
alent were p.Arg255* (13.8%) and p.Arg168* (12.4%) while
the p.Argl06Trp (5.2%), p.Arg270* (5.2%) and p.Arg306Cys
(5.7%) were less frequent (table 1).

A third (34.3%) of the individuals could walk independently,
slightly fewer than a third (30.95%) could walk but only with
assistance, and the remainder (33.8%) could not walk. Just over
half (51.4%) were eating orally, more than quarter (28.6%) had
a combination of oral and enteral feeding and less than one-fifth
(19.5%) were completely reliant on enteral nutrition. Nearly
three quarters (71.5%) had a diagnosis of epilepsy, but of these,
only a few had very frequent seizures. More than a third (35.7%)
had been treated with antibiotics for a respiratory infection in
the past 12 months but only a small group (13.8%) had received
them two or more times and more than a fifth (21.9%) only once
in the past 12 months. For sleep disturbances, slightly more than
a quarter (26.29%) had a DIMS subscale t-score>70 and less than
one-fifth (17.6%) had a DOES subscale score >70, respectively,
indicating sleep dysfunction while just over two thirds (71.4%)
had a DIMS subscale t-score and 78.1% a DOES subscale score
below 70 within the normal range (table 1).

In more than one quarter (28.6%) of families, both parents
were working full-time and a similar proportion (28.6%) had
one full-time parent while the other was a homemaker. Less
than one-fifth (17.6%) had one parents working full-time and
the other part-time, 10.5% had at least one retired parent and in
14.8% there were other combinations of working arrangements.
More than half (61.9%) of the mothers had a university degree,
13.8% the equivalent of a trade/technical certificate and 23.4%
only completed high school (table 1).

The text below describes the final multivariate model unless
otherwise stated.

Associations between age group and QOL

Compared with children younger than 12 years, total QOL score
was lower for each of the older age groups: teenage children
(—6.38,95% CI —11.08 to 0.95), young adults (—6.46, 95% CI
—12.60 to —0.33) and adults 28 years and older (—6.62, 95%
CI —14.15 to 0.91) (table 2). Differences in QOL by age group
were not apparent for the physical health or positive emotions
domains (online supplementary tables 1 and 2). Compared with
children younger than 12 years, the negative emotion score was

Mendoza J, et al. ) Med Genet 2020;0:1-8. doi:10.1136/jmedgenet-2020-107120

3

1ybuAdoo

Aq pa193101d "BIOSUOD Areiqr HIN T8 020 ‘2 Jaquiaidas uo /wod:fwgBuilj/:dny wouy papeojumod "020z 1SnBNy Gz Uo 0ZT.0T-020Z-19UaBpawl/9eTT 0T Se paysyand 1s1l :18us9) PajN [


https://dx.doi.org/10.1136/jmedgenet-2020-107120
http://jmg.bmj.com/

J Med Genet: first published as 10.1136/jmedgenet-2020-107120 on 25 August 2020. Downloaded from http://jmg.bmj.com/ on September 7, 2020 at NIH Library Consortia. Protected by

wv
[ =
(=]
-
C
()]
S
S
o
o
(<]
o
>
-
(=]
[ =
)]
=
(=5
1
[+)]
(=5
>
-
(=]
=
v
O

copyright.

panunuo)
(rS'zL 0 8L'L) (16701 01 €1°0-) (9v'1 01 10°)
+810°0 98'9 €01 9500 6€'G +1000> vL'6 (Ve L1TL 801 Buipaay [eio ||ny
(€551 01 pL°€) (SreL o1 ELD) (€€71 01 06°€)
«200°0 796 sS «L00°0 6L'L +1000 16 (9£71) §§'LL 09 Buipaay agm pue eio eiued
L€ (vE'EL) v7'79 12 Buipaay aqny [n4 suseed buipasy
(65°L 01 9v'7-) (LzoviLy-) (€96 0151'2-)
609'0 95°L 14 689'0 o'l [424)] (243 (LL€1) 95'LL 9 Juasqy
(009 0 £0°'Z-) (€2°90159'L-)
LEED 161 08 [4340] 60T +SE0'0 (618 0167°0) YT (05'%1) 90°2L 88 1oeduw JoulL 10 OU YiIM Juasald
1edu
06 (¥S'zl) 28°19 /6 Jofew Jo 21eIapow YlM JUdsald uonednsuo)
(LG5°€1 01 8€°€) ez o y'e) (7911 01 58°7) S9DBAINS JS0W
«100°0 Lv'8 L9 £00°0 vEL +100'0 vTL (€1 9reL u° UO 9DUBISISSE OU YLIM SY[EM
(€611 039£°7) (5911 0309°7) (z50L 01 6t°L)
+2000 SEL 19 £200'0 4% +600°0 009 (2921) 15'1L 59 BDUBISISSE UM SH[eM
= (£€1) 1599 1L Jj[em o1 3jqeun
(0€'5 01 60°71-) (€5°01 03 86°8-) (LeTL08TL-)
LLED ov'y— 1z 980 X} 0190 194 (¢9€l) LLoL 144 WS LIYLd
(88701 10°61-) (9271 01 0€°6-) (oLyLor118-)
Ly10 108~ 4] 1510 74} 650 00°€ (€1°€1) 95°0L 4 sf90¢buv-d
(zizor6rer) (€07 0100°Z1-) (190 egLL-)
6100 1871~ €l 9220 89— €610 W= (S¥°21) 9709 4! Ryag
(Teso16e€L-) (958 01 57°01-) (L7601 1567)
S6E0 yor— 9 0980 80— SL60 S0 (evel) 1rL9 67 £S5Zbiyd
(v6°01 01 71'8-) (061 01 90°9-) (90°Z1 0 £0°L)
LLLo 'l 24 8L70 we 809'0 (44 (89'6) 90°0L 9 +891617°d
(ST901 1°51-) (0£°51 01 78'7-) (80°91 01 9/'7-)
S0r'0 85— sl 8670 €7'S 870 99°G (v1) €TeL 9l sfyge1buyd
(LzeLorzL6-) (L8'61 04 €£°7) (59°61 03 y0°€~)
090 8Ll 6 9€1'0 LS8 0510 0€'8 (S0'wl) L8'SL ) digo1bayd
(68°€ 01 pE'GL-) (8601 03 05°8-) (rT'11 01 1y'8-)
wz0 €5 w 1080 vTL LLL0 4 (85°11) 86'89 144 Yo
(956 01 17°Z1-) (09°21 01 £98-) (65°71 01 58'8-)
86L°0 wi- 1 [47A0] 66'L LELO 81 (9v°21) 769 vl uonajap abieq
(rrgorL1zI-) (12101 19°€-) (09'81 01 ¥8'2-)
9wL0 wi- vl 9610 S6'9 6710 88'L (6v°91) S¥'SL vl Buneouni Ajie3
(e8LO ELTL-) (20°€1 03 6€°L-) (61°51 01 £97-)
8€9'0 Sz 8l 1850 424 620 'S (8T'L1) L6'TL 6l UOBaJaP [euluLIRl-)
ot (6L71) 95'L9 I L0Lzbayd adfy uoneiny
(167001 §1'p1-) (vT'L o) Ly EL-) (867 01 10°01-) (81°€ 01 §9'6-)
780°0 99— €€ €010 19— 6050 15— 1Ze0 743 (SL'v1) 1589 8¢ 13pjo pue g7
(€€°00109'1) (81001 8€Z1-) (157 01 99'L-) (€v'y 01 85'L-)
+6€0°0 99~ 8y 7r0°0 879~ 7190 951~ 909'0 151 (eV) L1oL 143 sieak g7-61
(567001 08'L 1) (19003 £1'LLY) (0L'z 04 LE8-) (85°€ 01 Gv'L-)
£220°0 8€9- 18 «6200 68'G— €1E0 8- 68770 61— (SS°€1) 18'69 8 sieak g|-|
€€ (67'v1) SLLL €€ Jabunof pue z|, dnoib aby
anjen d (12 %S6) N anjen 4 (12 %S6) anjeAd (1D %S6) WaDYR0) anjea 4 (12 %S6) (as) ueay N
JUCITITELS] JUCIRIITELS] WapYE0)
£ 13PON T 19poN L [9po ajelieaun

31035 3}1] 0 Aujenb |e301 pue sajgenen Juapuadapul usamiag sdiysuonepy g djqeL

10.1136/jmedgenet-2020-107120

1-8. doi

0

i

Mendoza J, et al. / Med Genet 2020


http://jmg.bmj.com/

J Med Genet: first published as 10.1136/jmedgenet-2020-107120 on 25 August 2020. Downloaded from http://jmg.bmj.com/ on September 7, 2020 at NIH Library Consortia. Protected by

wv
=
(=]
-
3]
(]
S
S
o
o
[+
o
>
-
(=]
[ =
)]
=
(=5
1
[+
(=5
>
-
(=]
=
v
O

copyright.

*faning wio4 poys way-z |l
alleuuonsany [einoineyag awopuAs 119Y§
DUBJOULIOS BAISSAINS JO SIBPIOSIAE

(9051 01 6€°01-)

(PL€L 01 €6°01-)

(7591 01 0€°LL-)

(67°L1 01 €8'6-)

LLLO EET 14 [44:0] o7l 0LL0 (44 1850 €8¢ (rS'61) 60°7L 14 Buissiy
(0790 ze'€-) (90°G 01 Z€'p-) (SE'7 01 65'5-) (81'70186'9-)
550 wl 144 L18°0 LEO £08°0 90— €0€°0 o' (87°S1) 9829 Ly jooyps Aiepuodag
(0z60161'L-) (€8'801£5'L-) (1r'8 01 9£'7-) (6£'9 01 97%-)
0€L0 107 8T 9910 S9'€ 6LE0 £8'C 759°0 LTl (L8521 €S'1L 67 S1EDYIIR) [edIUYI3] /pelL
6lL (€1) 9z'0L 0€L 3a163p Aysianun
(197 0 Z€'0L-) (9£'5 0 v8'8-) (L6'7 01 6€701-) (ST'501p1'8-)
LS70 987~ 0z 8190 ySL= 8870 [Yiras 1190 L= (L°01) 1089 w painal auo 15e3| 1y
(67°€ 01 8£'8-) (LzyorLy'L-) (017 019.8-) (Ll'y0or9L'L-)
0LE'0 SLT- 0€¢ 650 09'L= SLY'0 €€ SYS°0 €81 (991) 2919 3 BLpo
(11'80168'7-) (96'8 01 95'L-) (66'6 01 05'L-) (856 01 59'L-)
6v€'0 19 143 910 0L'e El4N) 1474 s9lo 9%6'€ BLLL) LPEL L€ dwn-Jed auo pue aw-[|ny duQ
(legorzee-) (18901 0t'Z-) (85'9 01 6€7€-) (5£'50150'7-) Jaxewsuioy
07S'0 671 95 9rED 17z 8750 09°1 €ELO S8°0 (6T°€l) €0L 09 9UO pue awh-||ny dUQ
SS (67'11) 5769 09 pakojdwa awin-|ny yrog JuawAojdwa [e1uaieq
(8%°0 01 £0°0) (60 01 60°0) (29'0 01 07°0) (657001 61°0)
+800°0 870 S61 %7000 620 ¥100°0> 17’0 ¥100°0> 6€0 (70'6) SLVY 01z Krewwns uauodwo) [elusy
(61001 ¥Z'0-) (51001 £Z°0-) (627001 71°0-) (7€'0 01 50'0-)
0780 00— S61 6550 90°0— 8LV'0 800 9510 10 (2v°6) 60°05 01z Mewwns juauodwo) [edishyd bzl-4s
(5000 £9'0-) (00°0 01 19'0-) (81°0 0 yv'0-)
«€C00 9€'0— S6l €500 0€0— %1000> LE'0— (¥9€l) 8'2€ ole 8105 [ej0L
(€571 01 98'0-) (ozLopll-) (lroorETT-)
0850 vE0 S61 €96°0 €00 5000 4 (100 L'e 0Lz haxuyieay
(9r'L 01 1Z'0-) ('L 01 €2°0-) (1€00) 16'0-)
6€L0 €9°0 S6l €510 190 87€0 0€0— (90'¢) 8¢ ol swa|goud bureaig
(Sr0018lL-) (Sz001GE'L-) (9v'0 01 8€'L-)
wueo LE0— S6l 6L10 50— %1000> 60— (6'€) 687 0Lz poou! [eiausnH §08sYy
(ze'L 01 89'€-) (€0°L 01 19°€-) (99°€L 01 7T'h)
7150 @l ol L2580 (74" %100°0> 768 (sv'€l) 90°2L 9l 0 mojeg
133 (L1 z1e9 LE 9A0qe pue 0L 91035-} £§304
(26’501 ¥6'7-) (26'5018L°2-) (616 01 56°0)
£0S0 671 Svl LL¥0 1571 %9100 L0°S (€0'€1) 69'LL 0sl 0L mofeg
0S (S8°€1) 7999 SS 9n0qe pue 0/ 4810351 SIQ
(88901 £1'G-) (1901 1L'6-) (6€771 01 65°1)
1280 L0 9zl 6060 SE0 %1100 669 (€'€L)8L°LL veL Ile e 30N
(/9 01 77'9-) (88'S 01 7£'9-) (56'6 01 §5'2-) stuou 7} 152] o
(A0} Lo 134 €680 70— o 0L'€ (z0°z1) 6v°89 El4 NUo 130 U0yl Kioje
9z (29'S1) 6479 67 sawl} a1ow 1o om| oy Aouanbaiy asn dnoiqiuy
(6L'L1 01 06'0-) (9'LL 01 08'0-) (S6'€L 01 S9'1)
600 Sr's 9 £80°0 ws €100 08'L (LVEL) 6YLL 09 fsdayida oN
(€811 01 66°0-) (26’71 01 £€°0) (lr'yl 01 v6°1) (1eak & 221m3 350w
£60°0 ws 149 +6€0°0 £9°9 %0100 818 (6£°01) £8°LL SS 1e) |00 Japun Aja1aiduio)
(9201 0189'L-) (€8°LL 01 €T°0-) (76°LL O} 71'0-) (y23m 1o
[4140] 1424 79 6500 18'G §50°0 06'S (€0'S1) 6569 89 Lpuow Jad duo) fjjeuoiserng
(Kep e @duo syjuow 71 Ise|
24 (68'11) 69°€9 LT uey) asowyAjiep) pajjonuod 10N - ayl Jano fouanbaly ainziag
anjea d (12 %S6) N anjea d (12 %S6) anjeAd (1D %S6) a0 anjen d (13 %S6) (as) ueay N
JUCTRITTEL b} JUCTRIITELSY 1UBD10)
€ [9PON T I3POnN L I3pO djeueAlun

panunuo) a|qeL

10.1136/jmedgenet-2020-107120

1-8. do

0

i

Mendoza J, et al. ] Med Genet 2020


http://jmg.bmj.com/
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similar for teenagers and adults to 28 years old but scores were
higher indicating less challenging behaviours for adults older
than 28 years (6.74, 95% CI 0.02 to 13.46) (online supplemen-
tary table 3). Compared with those aged 12 years and younger,
scores for the independence domain were lower for each older
age group, particularly adults 28 years and older (—23.44, 95%
CI —35.82 to 11.06) (online supplementary table 4). Teenage
children scored the lowest in the leisure and outdoors domain
(—=10.10, 95% CI —20.08 to 1.94) and young adults scored
the lowest in the social interaction domain (—10.25, 95% CI
—20.50 to 0.0) (online supplementary tables 5 and 6).

Genotype on QOL

Relative to those with the p.Arg270* mutation, those with the
p-Arg294* group had the lowest total QOL score coefficient at
—12.81 (95% CI —23.49 to 2.12) with the p.Arg306Cys also
low (—8.07, 95% CI —19.01 to 2.88). For individuals with the
p-Arg294* mutation, this pattern was reflected across most of the
QOL domains with low scores in the physical health (—16.68,
95% CI —28.04 to 5.31) and positive emotions (—23.49, 95%
CI —40.11 to 6.87) domains (online supplementary tables
1 and 2). p.Arg294* scores for the negative emotion domain
were low in the univariate analysis (—13.92, 95% CI —25.9 to
1.94) but the effect reduced when adjusted for age, health func-
tioning and socioeconomic factors (—2.17, 95% CI —11.71 to
7.36) (online supplementary table 3). Independence (—12.24,
95% CI —29.81 to 5.33), leisure and outdoors (—10.21, 95%
CI —29.26 to 8.83) and social interactions (—11.89, 95% CI
—29.75 to 5.98) domains scores were also low compared with
the reference group which was those with the p.Arg270* muta-
tion (online supplementary table 4-6). Otherwise, those with
the p.Arg306Cys, p.Thr158Met and the p.Arg168* mutations
also had low scores for the positive emotions domain (online
supplementary table 2). We also observed that those with the
p-Arg270* had generally higher scores for the positive emotion
and leisure and outdoors domains.

Walking/feeding and QOL

Relative to those who were unable to walk, adjusted total QOL
scores were higher for those who could walk without (8.47, 95%
CI 3.38 to 13.57) or with (7.35, 95% CI 2.76 to 11.93) assis-
tance (table 2). For each domain, except for negative emotions,
the same pattern for each group was seen (online supplementary
tables 1-6). Those who could walk without assistance had better
scores for the physical health (6.17, 95% CI 0.75 to 11.59)
and independence (19.85, 95% CI 11.48 to 28.22) domains
compared those unable to walk.

Compared with the group receiving total enteral feeding,
those who feed entirely orally had higher total QOL scores
(6.86, 95% CI 1.18 to 12.54) and the group with combined
enteral and oral feeding had even higher total scores (9.64, 95%
CI 3.74 to 15.53) (table 2). Higher domain scores were also
found in the physical health (8.79, 95% CI 2.52 to 15.06), posi-
tive emotion (12.31, 95% CI 3.14 to 21.47) and independence
(10.65, 95% CI 0.97 to 20.34) domains for those using mixed
feeding methods. Leisure and outdoors domain scores were
higher for both oral feeding groups compared with those who
were fully enterally fed.

Comorbidities and QOL

Compared with the group who experienced uncontrolled
seizures, those who experienced occasional seizures had higher
total QOL scores (4.54, 95% CI —1.68 to 10.76) with slightly

higher scores again for those whose seizures were controlled
(5.42, 95% CI —0.99 to 11.83) and those with no diagnosis
of epilepsy (5.45, 95% CI —0.90 to 11.79). This same pattern
was reflected by each group in the physical health and positive
emotions domains (online supplementary tables 1 and 2). Those
with no epilepsy diagnosis had higher physical health (6.62, 95%
CI —0.12 to 13.37) and positive emotions (17.50, 95% CI 7.64
to 27.37) domain scores (online supplementary tables 1 and 2).

There were no remarkable differences in the groups according
to frequency of use of antibiotics for respiratory infection.
Compared with individuals with constipation that had moderate
to major impact, QOL scores were slightly higher for those with
constipation and less impact (1.97, 95% CI —2.07 to 6.00) and
those without constipation (1.56, 95% CI —4.46 to 7.59).

In the univariate analysis, total QOL scores were higher for
those with a t-score below 70 compared with those with a
t-score above 70 for the DIMS (5.07, 95% CI 0.95 to 9.19) and
DOES (8.94, 95% CI 4.22 to 13.66) sleep subscales (table 2).
These results were attenuated when age, mutation type, health,
functioning and socioeconomic variables were accounted
for (table 2). However, there were still higher physical health
domain scores for those with t-score below 70 in both the DIMS
(6.20, 95% CI 1.48 to 10.91) and DOES (10.66, 95% CI 4.81
to 16.51) subscales, after accounting for the effects of the other
covariates (online supplementary table 1).

For each point increase in the RSBQ indicating greater clinical
severity, total QOL scores reduced on average by 0.36 points
(95% CI-0.67 to 0.05). For every increase in point for the fear/
anxiety subscale, there was a 1.52 (95% CI -2.59 to 0.45) point
reduction in the negative emotions domain score but a 2.26
(95% CI 0.29 to 4.23) increase in the independence domain
score (online supplementary tables 3 and 4). For each increase
in the general mood subscale indicating poorer mood, there
was a —2.38 (95% CI -3.11 to 1.66) reduction in the negative
emotions domain score (online supplementary table 3).

Parental variables and child QOL

For the SF-12, each point increase in the MCS was associated
with a 0.28 (95% CI 0.07 to 0.48) point increase for the total
QOL score (table 2). This same pattern was found in the phys-
ical health (0.22, 95% CI 0.0 to 0.43), positive emotions (0.34,
95% CI 0.03 to 0.66), independence (0.33, 95% CI 0.0 to 0.66)
and leisure and outdoors (0.42, 95% CI 0.06 to 0.78) domains.
For the PCS subscale, there was a 0.14 (95% CI —0.08 to 0.37)
increase in the physical health domain and a 0.22 (95% CI
—0.57 to 0.13) decrease in the independence domain.

There were no remarkable differences between the groups of
combined parental employment status.

Relative to the children of mothers who had completed a
university degree, the children of those who have completed a
trade/technical certificate had a 4.01 (95% CI —1.19 to 9.20)
increase in the total QOL score. This same increase was seen in
the positive emotions (6.35, 95% CI —1.73 to 14.43) and inde-
pendence (8.46, 95% CI —0.08 to 17.0) domains for the trade/
technical certificate group.

DISCUSSION

The most striking finding in this study was that girls and women
with the p.Arg294* mutation tended to have the poorest QOL
overall and in each of the domains. QOL was also poorer in
those over 12 years relative to those under the age of 12 years.
Better health parameters in relation to epilepsy and sleep distur-
bance and functioning in relation to walking and eating ability
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were generally associated with better QOL outcomes. Higher
scores for parental mental well-being were associated with small
increases in QOL in some domains.

Given that those with the p.Arg294* mutation generally have
a relatively mild phenotype with an increased likelihood of inde-
pendent walking,® our genotype results might at first seem unex-
pected. Nevertheless, they are consistent with the findings from
a US health-related QOL study where this was the mutation
with the lowest psychosocial summary score.’® Also, in keeping
with our current findings, an earlier study using the Australian
population-based database found that mood disturbances and
night time behaviours were also most common in those with this
mutation.*® Two other studies supported the evidence for more
sleep disturbances including more problems initiating and main-
taining sleep in those with a p.Arg294* mutation."” ?* In our
current study, sleep disturbance was also associated with poorer
total QOL, an effect which was much attenuated, as might be
expected, after adjustment for genotype, although still associ-
ated with an effect in the physical health QOL domain. Overall
increased symptoms of mood disturbance, fear and anxiety, as
determined using the RSBQ,** were associated with poorer QOL
although this effect, as might be expected, were also attenuated
after adjustment for genotype. While depression is difficult to
measure and poorly understood in Rett syndrome, symptoms of
anxiety have sometimes been identified.>*® Taken in combina-
tion, these findings suggest that in contrast to the apparently
mild clinical severity, there is a behaviour phenotype which
includes sleep disturbance that is associated with poor QOL for
those with the p.Arg294* mutation.

Despite our findings relating to the p.Arg294* mutation, in
general, those unable to walk had poorer outcomes in most
domains relative to those who could walk independently or walk
with assistance. This would be consistent with previous relation-
ships seen with aspects of clinical severity'® as well as qualitative
research where parents reported that their daughters derived
pleasure from being ambulant.?® Similarly, those who were fully
dependent on enteral feeding had poorer QOL outcomes than
those who could eat orally. If feeding difficulties necessitate
gastrostomy insertion, encouraging oral feeding where there is
capacity to do so seems to be associated with greater child QOL
while still supporting the caregiver for the delivery of everyday
food, fluids and medications. Constipation occurs commonly in
conditions such as Rett syndrome®” ** but we did not find that its
presence or severity were related to QOL. We also found that a
lower seizure frequency was associated with better QOL in most
domains. Epilepsy is a common symptom of Rett syndrome and
is associated with clinical severity.*” Seizure onset and frequency
vary by age as well as by genotype.’ ¥ Over half of 200
French families with a child with Rett syndrome reported that
their daughter’s seizures were a major problem and a third a
moderate problem for their ‘health-related QOL.* Drug-
resistant epilepsy which can be problematic in Rett syndrome®
was also a concern for these families.* Thus, it will be important
to consider QOL in the evaluation of any new therapeutic
initiatives that are introduced, particularly for epilepsy. After
adjusting for genotype, functioning and health status still had
some important relationships with QOL.

Health-related QOL is a different but related concept to QOL*!
and focuses mainly on functional status and health outcomes
rather than aspects of social well-being and the individual’s envi-
ronment. However, there were some consistencies between the
findings from ours and a US study®* where a generic instrument
not specifically applicable to children with severe intellectual
disability.* The psychosocial summary scores were highest (best

QOL) for those with the most severe mutations like p.Arg270%,
p-Arg255% and p.Arg106Trp and lowest for p.Arg294* which is
comparatively a much milder mutation. Conversely for the phys-
ical summary scores, the effects were generally reversed with
mild mutations like p.Arg133Cys and Arg306Cys having higher
scores while p.Arg270* and p.Arg255* had much lower physical
summary scores. Their findings for the psychosocial summary
by genotype were similar to our fully adjusted results for total
QOL. However, we measured the fuller concept of QOL and
showed, for example, that ability to walk was associated with
higher total QOL and social interaction domain scores.

Rather than measuring health-related QOL*! which relates
strongly to capacity for functioning, we elected to measure the
related but different concept of QOL using a measure validated
for Rett syndrome.** Our research took advantage of the Inter-
Rett database to recruit an accessible sample of families for the
study.”” A large sample size is important in investigating rare
disorders such as Rett syndrome to provide better characterised
age groups and mutation types as well as other clinical features.
In contrast to many studies in this disorder which mainly focus
on children, the longevity of the InterRett database® ** allowed
for representation of much older age groups. We have been
able to provide novel information on the QOL outcomes for
this population including adulthood. We however acknowledge
that the results of this study can be affected by survival bias as
those with better clinical outcomes will have higher chance of
survival.* Our questionnaire included a comprehensive range of
variables which were incorporated into our analysis, including
health, functioning, behavioural, parental well-being and socio-
economic status variables. These variables being collated in a
multivariate model allowed us to disentangle the determinants
of QOL in Rett syndrome.

CONCLUSION

This study offers novel information on the determinants of QOL
in Rett syndrome and gives insight into possible clinically rele-
vant targets for improving QOL. For the first time, we have been
able to demonstrate that genotype appears to have important
implications for QOL. Given the heterogeneity in symptom-
atology in this disorder, this is important new knowledge that
needs to be considered during the counselling and management
processes to ensure that every child and family is provided with
the appropriate support.

Acknowledgements We are grateful to the many InterRett families who
participated in this study.

Contributors JM was responsible for the analysis and interpretation of data,
drafting the work and revising it critically for important intellectual content. JD was
responsible for the conception and design of the work, analysis and interpretation of
data, drafting the work and revising it critically for important intellectual content. KW
was responsible for analysis and interpretation of data and revising it critically for
important intellectual content. HL was responsible for acquisition and interpretation
of data, drafting the work and revising it critically for important intellectual content.
JD is responsible for the overall content as guarantor.

Funding Funding and support for this project was provided by Rettsyndrome.org
(previously known as the International Rett Syndrome Foundation) and the National
Health and Medical Research Council (#1103745, #1103746). HL is supported by an
Australian National Health & Medical Research Council Senior Research Fellowship
(APP1117105).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval Ethics approval was provided by The University of Western
Australia Human Research Ethics Committee (OHRP Assurance Number:
FWA00003534; Study Approval Number RA/4/1/7449).

Provenance and peer review Not commissioned; externally peer reviewed.

Mendoza J, et al. ) Med Genet 2020;0:1-8. doi:10.1136/jmedgenet-2020-107120

1ybuAdoo
Ag peosiold “emiosuod Areiqil HIN 1e 0z0z ‘2 Jequisidas uo jwod fwg Buwl/:dny woly pspeojumod "020z 1sNBny Gz Uo 02T.0T-0202-18usbpawl/9eTT 0T Sk paysiignd 1s1y :18usD PaN


http://jmg.bmj.com/

Genotype-phenotype correlations

Data availability statement Data are available on reasonable request. 22 Skevington SM. Measuring quality of life in Britain: introducing the WHOQOL-100. J

Deidentified data are available on reasonable request subject to ethics approval from Psychosom Res 1999;47:449-59.

the corresponding author. 23 Verdugo MA, Schalock RL, Keith KD, Stancliffe RJ. Quality of life and its

. measurement: important principles and quidelines. J Intellect Disabil Res

ORCID iDs 2005;49:707-17.

Jenny Downs ht‘[p://orcid.org/OOOO—OOO1—7358—9037 24 Downs J, Jacoby P, Leonard H, Epstein A, Murphy N, Davis E, Reddihough D,

Helen Leonard http://orcid.org/0000-0001-6405-5834 Whitehouse A, Williams K. Psychometric properties of the quality of life Inventory-

REFERENCES Disability (QI-Disability) measure. Qual Life Res 2019;28:783-94.

25 Epstein A, Leonard H, Davis E, Williams K, Reddihough D, Murphy N, Whitehouse A,

1 Fehr S, Bebpington A, Nassar N, Downs J, Ronen GM, DE Klerk N, Leonard H. Trends in Downs J. Conceptualizing a quality of life framework for girls with Rett syndrome

) K“e (IjIJT_ngLOSI? of Resvéyrgrom%g /EL;]ST[THS' Pfd’af’geskz%goﬁ ;3__9' \ Leonard using qualitative methods. Am J Med Genet A 2016;170:645-53.

eul L, Rautmann WVE, Glaze DG, Lhristodoulou J, Llarke AJ, bahi-buisson I, Leonar 26 Strugnell A, Leonard H, Epstein A, Downs J. Using directed-content analysis to identify
H, Bailey MES, Schanen NC, Zappella M, Renieri A, Huppke P, Percy AK, RettSearch C, a framework for understanding quality of life in adults with Rett syndrome. Disabi
RettSearch Consortium. Rett syndrome: revised diagnostic criteria and nomenclature. Rehabil 2019:1-8.
Ann Neurol 2010;68:944-50. . . ok !
' 27 Louise S, Fyfe S, Bebbington A, Bahi-Buisson N, Anderson A, Pineda M, Percy A,

3 Amir RE, Van de’? Veyyer lB.’ Wan M, Tran CQ, Frgncke U, Zoghbi H.Y' F_(ett syndrome s Zeev BB,' Wy:; Xfi, Bao X,gLeod i’M, Armstrong J,' Leonard H. IlnterRett, a'mod)ell f'or
caused by mutations in X-linked MeCP2, encoding methyl-CpG-binding protein 2. Nat . : - i . )
Genet 1999:23:185-8. Enégggt.lgsl ggta collection in a rare genetic disorder. Res Autism Spectr Disord

4 Anderson A, Wong K, Jacoby P, Downs J, Leonard H. Twenty years of surveillance in " . )

Rett syndrome: what does this tell us? Orphanet J Rare Dis 2014;9:87. 28 goban S Wonng,lEpstglln A,k;’-\ndersgnRB, Murpdhy N. PownT#j Iaelonar‘d H'l )

5 Bao X, Downs J, Wong K, Williams S, Leonard H. Using a large international sample to g:;zrt%zax;(j) /\;:cijelr?er;\ z%cfg'unme;tz;yzn ggg]e' novel findings in relation to
investigate epilepsy in Rett syndrome. Dev Med Child Neurol 2013;55:553-8. P - e Iheas .

6 Jian L,gl]\lagarzjar?g de KIerkyN, Ravine D, Christodoulou J, Leonard H. Seizures in 29 Harris PA, Taylor R, Thielke R, Payne J, Qonzalez N, Conde JG. Research electronic
Rett syndrome: an overview from a one-year calendar study. European Journal of data CaP“,”e (REDCap)-—a metadata'-drlven methodology ar?d workflow process
Paediatric Neurology 2007;11:310-7. for providing translational research informatics support. / Biomed Inform

7 Mackay J, Downs J, Wong K, Heyworth J, Epstein A, Leonard H. Autonomic breathing 2009;42:377f81- o ) ) o )
abnormalities in Rett syndrome: caregiver perspectives in an international database 30 Bruni O, Ottaviano S, Guidetti V, Romoli M, Innocenzi M, Cortesi F, Giannotti F
study. J Neurodev Disord 2017;9:15. The sleep disturbance scale for children (SDSC). Construction and validation of an

8 Bebbington A, Anderson A, Ravine D, Fyfe S, Pineda M, de Klerk N, Ben-Zeev B, instrument to evaluate sleep disturbances in childhood and adolescence. / Sleep Res
Yatawara N, Percy A, Kaufmann WE, Leonard H. Investigating genotype-phenotype 1996;5:251-61.
relationships in Rett syndrome using an international data set. Neurology 31 Ware J, Kosinski M, Keller SD. A 12-Item short-form health survey: construction of
2008;70:868-75. scales and preliminary tests of reliability and validity. Med Care 1996;34:220-33.

9 Cuddapah VA, Pillai RB, Shekar KV, Lane JB, Motil KJ, Skinner SA, Tarquinio DC, Glaze 32 Lane JB, Lee H-S, Smith LW, Cheng P, Percy AK, Glaze DG, Neul JL, Motil KJ, Barrish JO,
DG, McGwin G, Kaufmann WE, Percy AK, Neul JL, Olsen ML. Methyl-Cpg-Binding Skinner SA, Annese F, McNair L, Graham J, Khwaja O, Barnes K, Krischer JP. Clinical
protein 2 (MeCP2) mutation type is associated with disease severity in Rett syndrome. severity and quality of life in children and adolescents with Rett syndrome. Neurology
J Med Genet 2014;51:152-8. 2011,77:1812-8.

10 Leonard H, Cobb S, Downs J. Clinical and biological progress over 50 years in Rett 33 Robertson L, Hall SE, Jacoby P, Ellaway C, de Klerk N, Leonard H. The association
syndrome. Nat Rev Neurol 2017;13:37-51. between behavior and genotype in Rett syndrome using the Australian Rett syndrome

11 Leonard H, Colvin L, Christodoulou J, Schiavello T, Williamson S, Davis M, Ravine D, database. Am J Med Genet B Neuropsychiatr Genet 2006;141B:177-83.

Fyfe S, de Klerk N, Matsuishi T, Kondo I, Clarke A, Hackwell S, Yamashita Y. Patients 34 Barnes KV, Coughlin FR, O'Leary HM, Bruck N, Bazin GA, Beinecke EB, Walco AC,
with the R133C mutation: is their phenotype different from patients with Rett Cantwell NG, Kaufmann WE. Anxiety-Like behavior in Rett syndrome: characteristics
syndrome with other mutations? / Med Genet 2003;40:52e-52. and assessment by anxiety scales. J Neurodev Disord 2015;7:30~1.

12 Pintaudi M, Calevo MG, Vignoli A, Parodi E, Aiello F, Baglietto MG, Hayek Y, Buoni S, 35 Sansom D, Krishnan VH, Corbett J, Kerr A. Emotional and behavioural aspects of Rett
Renieri A, Russo S, Cogliati F, Giordano L, Canevini M, Veneselli E. Epilepsy in Rett syndrome. Dev Med Child Neurol 1993;35:340-5.

Syndfomei cIinlicaI and genetic featgres. Epilepsy Behav 2010?19:295‘300- 36 Buchanan CB, Stallworth JL, Scott AE, Glaze DG, Lane JB, Skinner SA, Tierney AE,

13 Jian L, Nagarajan L, de Klerk N, Ravine D, Bower C, Anderson A, Williamson S, Percy AK, Neul JL, Kaufmann WE. Behavioral profiles in Rett syndrome: data from the
gggét?iguéiu;,;eonard H. Predictors of seizure onset in Rett syndrome. J Pediatr natural history study. Brain Dev 2019;41:123-34.

RARURRESREE ) . . ) 37 Motil KJ, Caeg E, Barrish JO, Geerts S, Lane JB, Percy AK, Annese F, McNair L,

14 Jian L, Nagaraj.an L, de Klerk N, Ravine D, Christodoulou J, Leonard H. Seizures in Skinner SA, Lee H-S, Neul JL, Glaze DG. Gastrointestinal and nutritional problems
gggﬂnﬁ;ﬂgi‘ﬁn overview from a one-year calendar study. £ur J Paediatr Neurol occur frequently throughout life in girls and women with Rett syndrome. J Pediatr

: d H, Jacoby P, Ellaway C, Downs J. The trajectories of slee Gastr'oemerol/ Nutr 2012,55:292-8. .

N \é\ilsﬁz?bght‘;cs”i]srRett' syndrgm'e.lslee; R‘es 201 5;24:223—J33. P 38 Pawliuk C,lW|dger K DeWa” i Brander G BrowanL, Hermansgn AM, Gregmrg MG,

16 MacKay J, Leonard H, Wong K, Wilson A, Downs J. Respiratory morbidity in Rett Steele R, Sld.en Hl.-l' Scoping review of sympFoms " Chlldr?n \{wth fare, progressive,
syndrome: an observational study. Dev Med Child Neurol 2018;60:951-7. ife-threatening dlsordgrs. BMJ Support Falliat Care 2.020’ 10:91-104,

17 Wong K, Downs J, Ellaway C, Baikie G, Ravikumara M, Jacoby P, Christodoulou J, 39 Glaze DG, Percy AK, Skinner S, MO?[I| KJ, Neul JL, Barrish JQ, Lane JB, Geerts SP, Annese
Elliott EJ, Leonard H. Impact of gastrostomy placement on nutritional status, physical F, Graham J, McNair L, Lee H-S. Epilepsy and the natural history of Rett syndrome.
health, and parental well-being of females with Rett syndrome: a longitudinal study Ne”,m/ogy 2010;74:909_12' ) R
of an Australian population. J Pediatr 2018;200:188-95. 40 Bahi-Buisson N,lNadla B-B, Guellecll,.lsabellelG, Nabbout Rf Rima N, Guet A Agneés

18 Laurvick CL, Msall ME, Silburn S, Bower C, de Klerk N, Leonard H. Physical G, Nguyen G, Gérard N, Dulac O, Olivier D, Chiron C, Catherine C. Parental view of
and mental health of mothers caring for a child with Rett syndrome. Pediatrics epilepsy in Rett syndrome. Brain Dev 2008;30:126-30.
2006;118:¢1152-64. 41 Karimi M, Brazier J, Health BJ. Health, health-related quality of life, and quality of life:

19 Mori Y, Downs J, Wong K, Leonard H. Longitudinal effects of caregiving on parental whatis the difference? Pharmacoeconomics 2016;34:645-9.
well-being: the example of Rett syndrome, a severe neurological disorder. £ur Child 42 Vargus-Adams J. Longitudinal use of the child health questionnaire in childhood
Adolesc Psychiatry 2019;28:505-20. cerebral palsy. Dev Med Child Neurol 2006;48:343—7.

20 Mount RH, Charman T, Hastings RP, Reilly S, Cass H. The Rett syndrome behaviour 43 Fyfe S, Cream A, de Klerk N, Christodoulou J, Leonard H. InterRett and RettBASE:
questionnaire (RSBQ): Refining the behavioural phenotype of Rett syndrome. J Child international Rett syndrome association databases for Rett syndrome. J Child Neurol
Psychol Psychiatry 2002;43:1099-110. 2003;18:709-13.

21 Corchon S, Carrillo-Lopez I, Cauli O. Quality of life related to clinical features in 44 Leonard H, Anderson A, Bebbington A, Bao X, Wong K, Williams S, Downs J.
patients with Rett syndrome and their parents: a systematic review. Metab Brain Dis Resourceful and creative methods are necessary to research rare disorders. Dev Med
2018;33:1801-10. Child Neurol 2013;55:870-1.

8 Mendoza J, et al. J Med Genet 2020;0:1-8. doi:10.1136/jmedgenet-2020-107120

1ybuAdoo
Ag peosiold “emiosuod Areiqil HIN 1e 0z0z ‘2 Jequisidas uo jwod fwg Buwl/:dny woly pspeojumod "020z 1sNBny Gz Uo 02T.0T-0202-18usbpawl/9eTT 0T Sk paysiignd 1s1y :18usD PaN


http://orcid.org/0000-0001-7358-9037
http://orcid.org/0000-0001-6405-5834
http://dx.doi.org/10.1203/PDR.0b013e3182242461
http://dx.doi.org/10.1002/ana.22124
http://dx.doi.org/10.1038/13810
http://dx.doi.org/10.1038/13810
http://dx.doi.org/10.1186/1750-1172-9-87
http://dx.doi.org/10.1111/dmcn.12093
http://dx.doi.org/10.1016/j.ejpn.2007.02.008
http://dx.doi.org/10.1016/j.ejpn.2007.02.008
http://dx.doi.org/10.1186/s11689-017-9196-7
http://dx.doi.org/10.1212/01.wnl.0000304752.50773.ec
http://dx.doi.org/10.1136/jmedgenet-2013-102113
http://dx.doi.org/10.1038/nrneurol.2016.186
http://dx.doi.org/10.1136/jmg.40.5.e52
http://dx.doi.org/10.1016/j.yebeh.2010.06.051
http://dx.doi.org/10.1016/j.jpeds.2006.06.015
http://dx.doi.org/10.1016/j.ejpn.2007.02.008
http://dx.doi.org/10.1111/jsr.12240
http://dx.doi.org/10.1111/dmcn.13726
http://dx.doi.org/10.1016/j.jpeds.2018.04.050
http://dx.doi.org/10.1542/peds.2006-0439
http://dx.doi.org/10.1007/s00787-018-1214-0
http://dx.doi.org/10.1007/s00787-018-1214-0
http://dx.doi.org/10.1111/1469-7610.00236
http://dx.doi.org/10.1111/1469-7610.00236
http://dx.doi.org/10.1007/s11011-018-0316-1
http://dx.doi.org/10.1016/s0022-3999(99)00051-3
http://dx.doi.org/10.1016/s0022-3999(99)00051-3
http://dx.doi.org/10.1111/j.1365-2788.2005.00739.x
http://dx.doi.org/10.1007/s11136-018-2057-3
http://dx.doi.org/10.1002/ajmg.a.37500
http://dx.doi.org/10.1080/09638288.2019.1610801
http://dx.doi.org/10.1080/09638288.2019.1610801
http://dx.doi.org/10.1016/j.rasd.2008.12.004
http://dx.doi.org/10.1002/ajmg.a.37784
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1111/j.1365-2869.1996.00251.x
http://dx.doi.org/10.1097/00005650-199603000-00003
http://dx.doi.org/10.1212/WNL.0b013e3182377dd2
http://dx.doi.org/10.1002/ajmg.b.30270
http://dx.doi.org/10.1186/s11689-015-9127-4
http://dx.doi.org/10.1111/j.1469-8749.1993.tb11646.x
http://dx.doi.org/10.1016/j.braindev.2018.08.008
http://dx.doi.org/10.1097/MPG.0b013e31824b6159
http://dx.doi.org/10.1097/MPG.0b013e31824b6159
http://dx.doi.org/10.1136/bmjspcare-2019-001943
http://dx.doi.org/10.1212/WNL.0b013e3181d6b852
http://dx.doi.org/10.1016/j.braindev.2007.07.002
http://dx.doi.org/10.1007/s40273-016-0389-9
http://dx.doi.org/10.1017/S0012162206000752
http://dx.doi.org/10.1177/08830738030180100301
http://dx.doi.org/10.1111/dmcn.12164
http://dx.doi.org/10.1111/dmcn.12164
http://jmg.bmj.com/

	Determinants of quality of life in Rett syndrome: new findings on associations with genotype
	Abstract
	Introduction
	Methods
	Data source
	Independent variables
	Dependent variable
	Statistical analyses

	Results
	Child and family characteristics
	Associations between age group and QOL
	Genotype on QOL
	Walking/feeding and QOL
	Comorbidities and QOL
	Parental variables and child QOL

	Discussion
	Conclusion
	References


