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Abstract
This study aimed to investigate the trajectories over time of health status and health service use in
Rett syndrome by mutation type. Data were obtained from questionnaires administered over six years
to 256 participants from the Australian Rett Syndrome Database. Health status (episodes of illness
and medication load) and health service use (general practitioner and specialist visits and hospital
stays) were summarized into composite scores with Principal Component Analysis. Linear and mixed
regression models examined effects of mutation type and other variables on these scores over time.
For some mutations (such as p.R255X, p.R168X) health status was poorer at a younger age and
improved over time, while for p.R133C it was better at a younger age and deteriorated with time.
For those with p.R133C health service use was lowest at a younger age and highest at 25 years. With
other mutations, such as p.R255X, p.R270X, p.R294X, C terminal and p.R306C, health service use
was higher at a younger age, but dropped off considerably by 25 years of age. Health service use
generally declined in parallel with deterioration in health status, although this pattern differed by
mutation type, demonstrating important variability in the course of Rett syndrome.

Background
Rett syndrome is a neurodevelopmental disorder with a cumulative incidence of 1.09 per
10,000 females by the age of 12 years (Laurvick et al., 2006). Children with Rett syndrome
generally do not appear to have any problems at birth, but development subsequently regresses,
with loss of hand function and communication skills usually evident by 18 months.

The association between Rett syndrome and mutations in the methyl-CpG binding protein 2
(MECP2) gene was first identified in 1999 (Amir et al., 1999). Mutations have been reported
in 73 -96% of classical Rett syndrome cases in various studies with the percentage increasing
as techniques improve (Colvin et al., 2003; Renieri et al., 2003). More than 200 different
pathogenic MECP2 mutations have now been identified, with eight accounting for just over
two thirds of mutation positive cases (Bebbington et al., 2008; Colvin et al., 2004). In a study
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combining Australian and international cases, mutations at the C terminal (CT), early
truncating (ET) mutations and large deletions (LD) accounted for another fifth of mutation
positive cases (Young et al., 2008). Amongst mutation types there is considerable phenotypic
variation. Some mutations, such as p.R270X and p.R255X (Bebbington et al., 2008; Colvin et
al., 2004; Huppke, Held, Handefeld, Engel, & Laccone, 2002) and p.R168X (Neul et al.,
2008) have been shown to be associated with a severe clinical presentation and others, such as
p.R294X and p.R133C, with a milder phenotype (Bebbington et al., 2008; Colvin et al.,
2004; Leonard et al., 2003).

Genotype- phenotype relationships have previously been investigated (Bebbington et al.,
2008; Colvin et al., 2004; Schanen et al., 2004) using information about the regression period,
current functioning and comorbidities (e.g., epilepsy and scoliosis), often in the form of severity
scales (Amir et al., 2000; Kerr et al., 2001; Monros et al., 2001). Given the known clinical
progression in Rett syndrome (Hagberg, Witt-Engerström, Opitz, & Reynolds, 1986), the
relationship between phenotype and genotype may be confounded by age. This has been
accounted for in at least one study (Bebbington et al., 2008). However, no research has
investigated the change in composite health status by mutation type over time. Is it possible
that the health status of those affected by mutations with an apparently mild phenotype and
better functioning will later deteriorate quite markedly? Conversely, might the health status of
those with apparently severe mutations and very limited functioning have a less aggressive
trajectory?

The only study, to our knowledge, that has been undertaken on the association between health
service use and other factors is our earlier study showing that use was highest in younger cases
and lowest in cases with milder phenotypes (Moore et al., 2005). Some relationships with
specific genotypes were also identified. The aim of the present study was to examine the health
status and health service use of females with Rett syndrome over time and identify any variation
by age and by mutation using data from the Australian Rett Syndrome Database (ARSD).

Methods
Data Source

The Australian Rett Syndrome Database (ARSD) is an ongoing population-based register of
Australian Rett syndrome participants born since 1976 (Laurvick et al., 2006). Cases (~15 per
birth year) are identified most commonly either by clinicians through the Australian Paediatric
Surveillance Unit (APSU) (Gazarian et al., 1999) or by families via the parent support group
(Leonard & Bower, 1998). Since 2000, follow-up questionnaires have been administered every
two years to Australian study families (Jian et al., 2006). Data collection procedures and this
study have been approved and monitored by the Princess Margaret Hospital for Children
Human Ethics Committee. There have now been four follow-up questionnaires completed by
the parents or carers in the years 2000, 2002, 2004 and 2006, collecting demographic data and
information on functional ability, medical conditions and healthcare service use. The data
provide a longitudinal profile of the individual’s clinical history (over a period up to six years)
– particularly in relation to episodes of illness, use of health services (doctors’ visits and
hospitalizations) and use of medication. Data were available for the 256 cases whose parents
or carers had completed at least one of the four follow-up questionnaires. The number of
questionnaires completed on each participant depended on the year of recruitment and on
whether they remained alive. Thus, four questionnaires were completed for 91 (35.5%)
participants. Of these, 44 (17.2%) participants (many of whom were more recently recruited)
had one questionnaire, 62 (24.2%) had two, and 59 (23.1%) three questionnaires. These cases
yielded a total of 713 observations on health status and health service use, which form the basis
of this analysis. Age at the time of questionnaire completion was grouped as follows: 0 to less
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than 5 years; 5 to less than 10 years; 10 to less than 15 years; 15 to less than 20 years; 20 to
less than 25 years and 25 years and over.

Health status
Four specific aspects of health were used to assess health status: epilepsy, gastro-intestinal
problems, nutritional problems and episodes of illness. We selected the first three because we
found that the range of medication use in case subjects related almost entirely to these three
areas. These four aspects of health status, along with scoliosis, are the major co-morbidities in
Rett syndrome (Weaving, Ellaway, Gecz, & Christodoulou, 2005). We measured the impact
of scoliosis through health service encounters (see below).

A severity code for epilepsy was based on use of antiepileptic drugs (AEDs). AEDs were coded
by the number of drugs taken, and by the type of drug. First-line medications (carbamazepine,
phenobarbitone, ethosuximide, sodium valproate and phenytoin) were given a score of 1. All
other AEDs were categorised as second line drugs and given a higher score (1.5). Cases with
any two AEDs were scored 2; any three AEDs were scored 3 and so on. Short-term rescue
medications were not included. Based on the information about reflux and/or constipation
management requirements, each individual was given a gastrointestinal (GI) score from 0 to
10 (0 = nil GI problems, 10 = severe). A score from 0–4 was given for nutritional difficulty
based on questionnaire information related to eating ability and need for nutritional support:
0= nil difficulty; 4= Percutaneous Endoscopic Gastrostomy (PEG) in-situ.

A categorical variable was calculated based on quartiles of the distribution of all episodes of
illness in the year preceding completion of each questionnaire. Episodes of illness were defined
here as cold/flu, tonsillitis, pneumonia, bronchitis, episodes of asthma, ear infection, urinary
tract infection (UTI), and other. Each individual was assigned a score of 1 to 4 with 1
representing no or 1 episode of illness in an average year, 2 representing more than 1 visit and
less than 2.5 in an average year, 3 representing more than 2.5 and less than 5 visits in an average
year and 4 being the maximum representing 5 or more episodes of illness in an average year.

Measures of epilepsy, gastrointestinal problems, nutritional status and illness episodes were
combined into a single composite score “health status” using the first principal component
from a Principal Component Analysis (PCA) (Stata, 1996–2006). The first component had an
Eigenvalue of 1.361 and Rho of 0.3402. The eigenvectors for three of the four measures in
Health Status were more equally weighted for epilepsy severity (eigenvector = 0.521),
gastrointestinal problems (eigenvector = 0.552) and nutritional status (eigenvector = 0.599).
Episodes of illnesses contributed least to the composite (eigenvector = 0.257).

Health Services
A composite score for health service use in the year preceding the completion of each
questionnaire was derived using four separate variables: number of nights spent in hospital,
number of day hospital visits, number of GP visits and number of specialist visits, during that
year. These four variables were firstly recoded into categories (approximately quartiles) to
make their measurement scales similar. The PCA procedure was then used again to combine
them into a single composite from the first principal component. The first component had an
Eigenvalue of 1.649 and Rho of 0.4122. The eigenvectors for three of the four measures in
Health Services were more equally weighted for GP visits (eigenvector = 0.453 and
hospitalizations (day stays: eigenvector = 0.458; night stays: eigenvector = 0.465)). However,
specialist visits weighted more heavily (eigenvector = 0.608).
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Data Analysis
Analyses by mutation type were based on 163 cases with the eight most common mutations,
C terminal and early truncating mutations and large deletions as previously classified (Table
1) (Young et al., 2008). Those with no mutation (n=55) or not tested (n=16) were excluded as
were 22 cases with less frequently reported mutations. Seven participants in the included
mutation groups (two with p.270X and one each with an early truncating, large deletion,
p.R168X, p.R106W and p.T158M) died prior to the onset of the follow-up component (Table
1). Seventeen participants died during the study including 3/12 (25%) of those with a large
deletion, 3/17 (17.6%) of those with p.R270X and 3/14 (21.4%) of those with p.R306C. There
were no deaths amongst those with C terminal deletions, p.R133C, p.R255X and p.R294X.
Information on the cause of death was only available for 8/17 deaths in 6/8 from family report
and in two from death certificates. Pneumonia or respiratory infection accounted for four
deaths. In a further two, the cause was stated to be aspiration pneumonia. One death was thought
to be associated with a seizure and another died in the course of palliative treatment on account
of her multiple comorbidities. Although deaths were more common in those with certain
mutations (p.R270X, p.R306C and large deletions) there were no statistically significant
relationships.

Mean scores for health status and health service use and their confidence intervals were
estimated using the Stata procedure Regress with the cluster option and adjust. The cluster
option accounts for the multiple observations over the four questionnaires, while adjust was
used to adjust the means for age differences within each mutation type. In order to examine
trends in health status and health service use by age, a mixed model was specified using the
Stata procedure, xtmixed, a multilevel mixed-effects linear regression model. The model was
fitted using maximum likelihood estimation. Change in health status by age group was
investigated, as well as whether this varied by mutation type by adding interaction terms.
Trends by age group were graphed for each mutation type.

Results
Health status composite generally deteriorated (i.e. the score increased) with age, while health
service use decreased with age (Figure 1).

Health status was poorest (most positive adjusted scores) in cases with early truncating
mutations and p.R255X and best (most negative adjusted scores) in those with p.R133C,
p.R294X and p.R306C mutations (Table 2). The adjusted score for health service use was
highest for p.R133C, p.R255X and p.T158M (all three were of a comparable level) and lowest
for p.R168X (Table 2). Confidence intervals for all estimates were wide and overlapping.

There was variability in initial health status, with some (e.g., p.R255X) being poorer at a
younger age, and some (e.g., p.R133C) being better at a younger age. From this starting point,
health status for some mutation types improved (i.e. scores decreased) with age (e.g., p.R168X,
p.R255X) and some deteriorated (i.e. scores increased) (Figure 2).

Health services use also varied by mutation type and age (Figure 3). Those with p.R133C had
the highest health service composite score at the age of 25 years, but in the youngest age group
their use was lowest. With many mutations, such as p.R255X, p.R270X, p.R294X, C terminal
deletions and p.R306C, there was a high level of health service use at a younger age, but this
dropped off significantly by the age of 25 years to little or no use. For p.R133C, large deletions,
early truncating and p.R168X, health service use increased with age.

We then examined the change in health status use over time by comparing the interaction term
coefficients and the age coefficient (0.086 for health status, Table 3). The two mutations,
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p.R168X (coefficient -0.093, p=0.039) and p.R255X (coefficient -0.100, p=0.028) decreased
in health status with age, that is, these cases improved in health status over time.

For the composite of health service use (age coefficient 0.062), those with p.R255X mutations
(coefficient -0.121, p=0.018), C-terminal deletions (-0.109, p=0.028), p.R270X (−0.110,
p=0.019), p.R294X (−0.110, p=0.032) or p.R306C (−0.138, p=0.011) all showed a decreasing
use of health services with age. In contrast, use of health services increased with age for
participants with p.R133C, early truncating mutations, or large deletions.

Discussion
We found a gradual deterioration in health status through childhood, with stabilisation from
15 years of age onwards. Health service use, in contrast, was greatest in those under 5 years
and gradually decreased with age.

Those with p.R133C had the best health status overall and those with p.R255X and early
truncating mutations worst, although there were no statistically significant differences. Health
service use was also highest in those with p.R133C and p.R255X but lowest in p.R168X –
again there were no statistically significant differences. For mutations other than p.R255X and
p.R168X, health status generally deteriorated with age, and for p.R133C, health status was
especially good at a young age. Despite the apparent general deterioration with age for health
status, health service use also appeared to decrease with age for the majority of mutations.

To our knowledge no other research has been able to investigate the health status trajectory in
Rett syndrome using a longitudinal data collection. Previous research investigating genotype
phenotype relationships has been based on a clinical profile at one point in time. Deterioration
over time has been a hallmark of Rett syndrome, as outlined in the original “staging” system,
describing 29 classical cases in four different phases of disease profile (Hagberg et al., 1986).
However it has not been known whether this trajectory might differ by mutation type. Until
recently, the data available on age-related changes in Rett syndrome were limited to those
derived from the early Swedish work (Witt-Engerström, 1992) carried out in the period prior
to any knowledge of the genetic basis of Rett syndrome and those based on our own, earlier,
cross-sectional data (Colvin et al., 2003). However in the past couple of years two studies have
specifically examined the disorder profile into adulthood of Rett syndrome in general and of
particular genotypes (Halbach et al., 2008; Smeets, Chenault, Curfs, Schrander-Stumpel, &
Frijns, 2009). The first, a questionnaire study on 53 adults identified the major morbidities as
neurological, respiratory and behavioural (Halbach et al., 2008). The second identified
specifically milder disorder profiles for those with p.R133C, p.R306C and C-terminal deletions
(Smeets et al., 2009).

The relationship of phenotype to genotype has probably best been captured in our analysis of
the 637 cases in the international (InterRett) database in 2005 (Bebbington et al., 2008). This
confirmed the work of others in showing that those with p.R270X and p.R255X, the mutations
in the nuclear localising signal region of the Transcription Repression Domain, were the most
severe. The mildest mutations were p.R133C and p.R294X also consistent with our earlier
Australian data (Colvin et al., 2004). In the international analysis, C terminal deletions were
found to be associated with a mild phenotype, corroborating other research (Smeets et al.,
2005; Smeets et al., 2009), as was p.R306C, also shown by Schanen et al. (Schanen et al.,
2004). In a large recently published study C-terminal deletions were found to be less severe
than all other MECP2 mutations but not as mild as the p.R133C and p.R294X mutations
(Bebbington et al., 2010). However they were more likely than other mutations to be associated
with a normal head circumference and weight than other mutations (Bebbington et al., 2010).
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In this present study, health status was poorest overall in those with p.R255X and early
truncating mutations and best overall in those with p.R133C, p.R294X, and p.R306C,
consistent with these previous results. Another more recently published series including 236
mutation positive cases with “typical” Rett syndrome, found p.R168X to be the most severe
of the common mutations (Neul et al., 2008). However this study opted to exclude cases who
were atypical because they were either milder or more severe than the classical cases and may
not have met the revised criteria (Hagberg, Hanefeld, Percy, & Skjeldal, 2002). This could
have resulted in the exclusion of cases with the p.R270X mutation that are more likely to have
a severe phenotype.

Using severity scales to measure phenotypic status, research has been undertaken on this
Australian cohort in the past (Colvin et al., 2004) and, more recently, on an international dataset
(Bebbington et al., 2008). These severity scales, which had generally been developed for the
purpose of comparing genotype-phenotype relationships, took into account the developmental
trajectory at regression as well as current functioning. In contrast in this study, health status
was measured according to frequency of illnesses complemented by information drawn mostly
from medication used to manage epilepsy, gastro-intestinal and nutritional problems.
Therefore, neither information about the regression period, nor functional ability, (even if
scoliosis was associated with poor mobility), was used, but rather the focus was on the medical
burden of the disorder. We are not aware of any other research which has attempted to measure
the current health burden of Rett syndrome or any scales used to do so. The data used in this
study represent the experiences of illnesses, morbidity, medication load and health service use
as reported by families. The scales that we developed and integrated into a number of composite
scores using PCA were based on information we had collected on health burden related to
major co-morbidities in Rett syndrome – epilepsy, gastro-intestinal problems, nutritional
difficulties and scoliosis. The latter is the most severe orthopaedic complication in Rett
syndrome, affecting three quarters of subjects by the age of 13 years (Ager et al., 2006). Its
influence on health burden would be accounted for through the number of specialist visits, GP
visits, and hospital stays generated by its management. We also incorporated a measure of
illness frequency into the health status composite. We acknowledge possible limitations
associated with family self-report and the use of a PCA-derived variable, but it would be
extremely difficult to collect data from hospital and doctor records across the whole of Australia
over the time period in question.

Any improvement of the symptoms of Rett syndrome resulting from interventions such as
clinical trials will have to be measured in the presence of the general trajectory of the Rett
syndrome. As such, measurement of health status in individuals over time is an important aspect
of research. A strength of this study is its use of longitudinal data and mixed effects models to
account for multiple time-points per person to investigate this under-researched aspect of the
condition. Moreover this study has also been able to use statistical techniques to develop a
measure of the burden of illness and comorbidity in this population-based dataset. However,
since, by necessity, we have 12 different mutation groups, this dataset, although one of the
largest population-based samples, still has relatively few cases per mutation group, thus
reducing the power to detect statistically significant differences in health burden, service use
and trajectory. While principal components analysis has been used in this data set to combine
the different aspects of comorbidity burden creating an overall score that can be used for the
trajectory analysis, this has the disadvantage of making the effects reported difficult to translate
into clinical differences.

The pattern of health service use in this study was, interestingly, the reverse of health status in
that it decreased with age, whilst, as one would expect, medical needs increased. The major
exception was the p.R133C mutation, where health service use increased substantially with
age. As shown previously, (Bebbington et al., 2008; Leonard et al., 2003) this mutation has a
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milder phenotype and is associated with later onset of symptoms and regression. However, the
relative increased use of health services with age suggests that this comparative advantage may
not be maintained over time. Although, in general, health status deteriorated over time, the
trend was in the opposite direction for two mutations (p.R168X and p.R255X). In recent
research using video data (Downs et al., 2008), we found that the motor abilities of participants
with p.R255X were better than anticipated from current literature.

Because subjects entered this cohort study at varying periods after birth and some died prior
to administration of the follow-up questionnaires, survivor bias could have been operating. We
have already shown that those with the p.R270X mutation appear to be at increased risk of
early mortality (Jian et al., 2005). This is also reflected in our data which show that those with
this mutation were less likely to be in the study (two died prior to the onset of follow-up) and
more likely to die during the study (three died at this time). Our analysis was restricted to
participants who survived to 2000 and whose family completed at least one follow-up
questionnaire. The trajectory associated with a particular mutation (e.g., p.R270X) might
therefore appear better than expected because the most severe cases with that mutation have
died and the surviving group has a relatively milder phenotype.

The paradoxical relationship between health status and service use is interesting but perhaps
not surprising as it could reflect “the inverse care law” i.e. that “the availability of good medical
care tends to vary inversely with the need for it in the population served” (Tudor Hart, 2000).
In a previous analysis using Australian data collected in 2000, it was noted that medical
appointments were less frequent in those whose mothers had the lowest level of education
(Moore et al., 2005). In that same analysis specialist, but not general practitioner visits, were
most frequent in the youngest age group (Moore et al., 2005). It is plausible that around the
time of diagnosis the child sees more specialists and that this drops off with age. On the other
hand, given that in this disorder functional ability becomes more impaired, scoliosis develops
(Ager et al., 2006) and growth becomes more compromised with age (Oddy et al., 2007), it is
concerning that service use decreases. This could also reflect a belief by families that medical
care has less to offer their children as they grow older. However we also know that some young
women with Rett syndrome move from the family home into residential accommodation. It is
possible that, once in this situation there is more difficulty in obtaining access to health services.
We do know that there is considerable concern, in Australia and elsewhere, about the
inadequacy of health services for young people with a disability as they move into adulthood
(Binks, Barden, Burke, & Young, 2007).

Conclusion
In contrast to the increase in laboratory research, since 1999, there has been little examining
the course of this disorder and its relation to genotype. In keeping with earlier studies, which
characterised the natural history as a series of stages (Hagberg et al., 1986), we have now
demonstrated a deterioration in health status over time but we have also shown that this varies
according to genotype. What is disturbing is the apparent drop-off in use of health services in
parallel with the clinical deterioration. Although it is possible that this pattern may be reflective
of that occurring in other developmental disorders, the burden of Rett syndrome is substantial
with 71% survival rate by the age of 25 years (Freilinger et al., 2010). We suggest the need for
more research focussing on the clinical management of this complex condition taking into
account the variation by genotype.
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Figure 1.
Health Status Composite and Health Service Use Composite by age group
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Figure 2.
Health Status Composite by age and mutation type
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Figure 3.
Health Service Use Composite by age and mutation type

Young et al. Page 12

Res Autism Spectr Disord. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Young et al. Page 13

Ta
bl

e 
1

D
is

tri
bu

tio
n 

of
 c

om
m

on
 m

ut
at

io
ns

 in
 th

os
e 

w
ho

 d
id

 a
nd

 d
id

 n
ot

 e
nt

er
 fo

llo
w

-u
p 

co
m

po
ne

nt
 a

nd
 in

 th
os

e 
w

ho
 d

ie
d 

du
rin

g 
th

e 
fo

llo
w

-u
p.

M
E

C
P2

 m
ut

at
io

n 
ty

pe
D

ie
d 

pr
io

r 
to

 fo
llo

w
-u

p 
co

m
po

ne
nt

D
id

 n
ot

 e
nt

er
 fo

llo
w

-u
p 

co
m

po
ne

nt
fo

r 
ot

he
r 

re
as

on
s

A
ct

ua
lly

 in
 “

he
al

th
” 

st
ud

y 
i.e

., 
fo

llo
w

-u
p 

co
m

po
ne

nt
D

ie
d 

du
ri

ng
 th

e 
fo

llo
w

-u
p 

pe
ri

od

n
%

n
%

C
-te

rm
in

al
 d

el
et

io
n

0
1

21
11

.4
0

0.
0

Ea
rly

 tr
un

ca
tin

g
1

2
7

3.
8

2
12

.5

La
rg

e 
de

le
tio

n
1

3
12

14
.1

2
12

.5

p.
R

10
6W

1
1

6
3.

3
0

0.
0

p.
R

13
3C

0
1

13
7.

1
0

0.
0

p.
R

16
8X

1
2

20
10

.9
2

12
.5

p.
R

25
5X

0
0

14
7.

6
0

0.
0

p.
R

27
0X

2
0

17
9.

2
3

18
.8

p.
R

29
4X

0
1

18
9.

8
0

0.
0

p.
R

30
6C

0
0

14
7.

6
3

18
.8

p.
T1

58
M

1
0

21
11

.4
1

6.
3

O
th

er
0

3
22

12
.0

3
18

.8

To
ta

l
7

14
18

5
10

0.
0

16
10

0.
0

N
ew

er
 p

-v
al

ue
s:

 χ2
 p

-v
al

ue
 fo

r d
ie

d 
w

/o
 fo

llo
w

-u
p 

vs
. a

ct
ua

lly
 in

 “h
ea

lth
” s

tu
dy

: 0
.4

48
, χ

2  
p-

va
lu

e f
or

 (d
ie

d 
w

/o
 fo

llo
w

-u
p 

an
d 

di
d 

no
t r

et
ur

n 
da

ta
) v

s. 
ac

tu
al

ly
 in

 “h
ea

lth
” s

tu
dy

: 0
.2

28
, χ

2  
p-

va
lu

e f
or

 in
 “h

ea
lth

”
st

ud
y 

vs
. d

ie
d 

du
rin

g 
fo

llo
w

-u
p:

 0
.2

19
.

Res Autism Spectr Disord. Author manuscript; available in PMC 2012 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Young et al. Page 14

Table 2

Health status and health service use composite scores.

Fixed effects Health status composite
95% Confidence interval

[LB, UB]
Health service use

composite
95% Confidence interval [LB,
UB]

C terminal −0.236 [−0.565, 0.093] −0.114 [−0.609, 0.381]

Early truncating 0.216 [−0.756, 1.188] 0.060 [−0.504, 0.624]

Large deletion 0.061 [−0.424, 0.547] 0.088 [−0.395, 0.570]

p.R106W 0.003 [−0.459, 0.464] −0.073 [−0.470, 0.323]

p.R133C −0.459 [−0.969, 0.050] 0.153 [−0.392, 0.698]

p.R168X −0.148 [−0.593, 0.298] −0.329 [−0.656, −0.002]

p.R255X 0.205 [−0.497, 0.906] 0.273 [−0.348, 0.894]

p.R270X 0.026 [−0.473, 0.526] 0.081 [−0.502, 0.664]

p.R294X −0.349 [−0.702, 0.004] −0.026 [−0.371, 0.320]

p.R306C −0.424 [−0.868, 0.020] −0.258 [−0.722, 0.206]

p.T158M 0.137 [−0.390, 0.664] 0.147 [−0.281, 0.574]
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