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ABSTRACT: Modifications to diagnostic criteria and introduction
of genetic testing have likely affected the pattern and timing of Rett
syndrome diagnosis. The trends in incidence and prevalence of Rett
syndrome in Australia were examined; the cumulative risk of a
female being diagnosed was determined; and the impact of changes
to diagnostic criteria and availability of genetic testing on these
frequencies was investigated. The population-based Australian Rett
Syndrome Database was used to identify a total of 349 verified Rett
syndrome females born 1976–2006 and diagnosed 1982–2008. The
proportion of female cases born and diagnosed per year and the
cumulative risk of a diagnosis were determined. The median age of
Rett syndrome diagnosis decreased from 4.5 y if diagnosed before
2000 to 3.5 y if diagnosed after 1999. The cumulative risk of
diagnosis had almost doubled by 32 y of age [1/8,905 or 11.23 per
100,000 person-years (95% CI, 10.03–12.45)] in comparison with 5 y
of age [1/15,361 or 6.51 per 100,000 person-years (95% CI, 5.65–
7.39)]. Earlier age of diagnosis may result in families experiencing
less stress and emotional strain compared with those with delayed
diagnosis. (Pediatr Res 70: 313–319, 2011)

Rett syndrome (RTT), a severe neurodevelopment disorder
occurring most frequently in females, has only been

recognized worldwide since 1983 (1). The 1985 “Vienna
criteria” were the first to define its “classical” characteristics
(2). Additional case series (3,4) served as a framework for the
establishment of updated guidelines (1988) (5) that included a
set of supportive criteria and removed female sex as manda-
tory. Only in 1994 (6) were criteria for defining atypical
variants developed, allowing those with more severe pheno-
types such as the “congenital RTT variant” (7) and those with
milder phenotypes such as the “preserved speech variant” (8)
to be recognized within the RTT spectrum.
In 1999, mutations within the Methyl-CpG Binding Protein

2 gene (MECP2) were identified as the major cause of RTT
(9). This allowed molecular confirmation of clinical cases and
contributed to additional amendment of diagnostic criteria
(2002) (10). The likelihood of genetic confirmation has in-
creased with both the introduction of Multiplex Ligation-

dependent Probe Amplification (MLPA) (11), which detects
large deletions, and through the identification of causative
mutations in exon 1 (12).
Early epidemiological studies have reported varying esti-

mates of RTT although most studies were conducted before
1999 and did not necessarily define the inclusion or otherwise
of atypical cases (Table 1) (13–28). Recent studies (20,27)
varied in their ascertainment methods, inclusion criteria, mea-
sures of frequency, sample size, and methods of analysis,
making comparisons difficult. For example, exclusion of mu-
tation negative (13) or atypical cases (27) could partly explain
why the prevalence in France (0.58 per 10,000 females aged
4–15 y) (13) and Hong Kong (0.57 per 10,000 females 35 y or
younger) (27) were only two thirds of that in Australia (0.88
per 10,000 females aged 5–18 y) (20).
Changes in clinical practice resulting both from modifica-

tions to diagnostic criteria and the introduction of genetic
testing have likely affected the pattern and timing of RTT
diagnosis. This article describes the changing incidence and
prevalence of RTT in Australia and examines if and why
diagnostic practices may have changed over time.

METHODS

The Australian Rett Syndrome Database (ARSD), established in 1993, is
a population-based database of RTT cases born since 1976 (21). Study
approval was obtained from the Human Research Ethics Committee of
Princess Margaret Hospital, and families provided informed consent before
participating. Diagnosed cases are ascertained through multiple sources in-
cluding the Australian Paediatric Surveillance Unit (APSU) (29). The APSU
was established in 1993 and has since actively surveyed �43 childhood
conditions (30). Pediatricians and other medical child health specialists
receive a monthly report card by e-mail (or mail in 20%) and are requested to
indicate by return whether in the last month they have seen any newly
diagnosed cases of any of the conditions listed. If they have, the researcher is
notified by the APSU (31,32). The researcher can then contact the doctor
about collecting further information. The diagnosis of RTT is usually made by
child neurologists, clinical geneticists, and general or developmental pedia-
tricians. At the time of the study, only clinically suspected cases verified by
the presence of a MECP2 pathogenic mutation or by fulfilment of the 2002
diagnostic criteria (10) for classical or atypical RTT were included in this
study. Contact has been maintained with families via the administration of
follow-up questionnaires at approximately two yearly intervals since 1996.

Trends in birth prevalence (the proportion of Australian female births with
RTT) by birth year and incidence of diagnosis (the number of girls diagnosed
out of the pool of those eligible for diagnosis) each calendar year were
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examined by investigating the cohort- and period-related effects, respec-
tively, during the study period (1976–2008) and by replicating methods
used in a recent population-based study assessing autism spectrum disor-
ders (33). The cumulative risk or probability of a girl being diagnosed with
RTT by a certain age was also calculated and estimated separately for the
periods before and during or after 1999, when the genetic cause of RTT
was identified. The 2009 point prevalence of RTT (the proportion of the
female population of that age range alive with RTT in that year) in females
aged 5–32 y was also calculated and estimated separately for those aged
5–18 y and those aged 19–32 y.

Cohort-related effect. With the cohort effect, we examined how the birth
prevalence (the proportion of Australian female births with RTT) changed by
birth year for each year from 1976 to 2006. We used birth prevalence because the
condition RTT is already present, although not clinically apparent, at birth as in
congenital malformations. Therefore, birth prevalence is the most suitable mea-
sure applicable (34). For the birth prevalence (expressed per 100,000 live female
births), the numerator comprised all females born in Australia in that birth year
and diagnosed with RTT between 1982 and 2008 and the denominator was the
number of live female births in Australia for the given birth year (35,36). The
birth prevalence (regardless of MECP2 mutation status) was determined sepa-
rately for cases classified as either “Classical” or “Atypical” to investigate the
change over time of the recognition of variable phenotypes. Confidence intervals
were calculated assuming a binomial distribution.

Period-related effect. With the period effect, we examined how the occur-
rence of RTT diagnosis changed by calendar year by investigating the annual
incidence over time. The incidence (the number of girls diagnosed out of the
pool of those eligible for diagnosis) was based on all female cases born since
1976 and diagnosed each calendar year from 1982 to 2008 divided by all
females at risk of diagnosis in a particular calendar year from 1982 to 2008
and expressed per 100,000 female years. For example, in 1982, only girls aged
up to 6 y were included, whereas in 1993, girls aged up to 17 y were included.
Population data were obtained from the Australian Bureau of Statistics
Estimated Resident Population (ERP) (37). The ERP is based on the 2006
Census of Population and Housing and estimates the resident population of
Australian states and territories by single year of age and by sex as at June 30
of each reference year. This includes all Australian residents irrespective of
their place of birth or resident status but excludes foreign diplomatic person-
nel and their families. Specific events and time periods related to the diagnosis
were then marked on the plot of the annual incidence.

Changes in the age group specific trend per birth year and per diagnostic
year were also calculated for children diagnosed at the ages of between 0–3,
4–7, 8–11, and �12 y of age. These age groups were used so that the
youngest ages of possible diagnosis were represented without being influ-
enced by the most frequently diagnosed age group (4–7 y).

The cumulative risk (likelihood of a female child being diagnosed with
RTT by a certain age) was estimated using survival analysis. Population
denominators from the ERP (37) were used to calculate female person-years
at risk for those without a RTT diagnosis, such that each individual at risk of
diagnosis in each calendar year contributed one person-year of risk. The
survival curve was then calculated using the Kaplan-Meier survival function
(38) and risk evaluated as 1 � the survival function at each age (expressed per
100,000 females). Separate curves were derived for cases diagnosed before and

during or after 1999 and their equality compared using the log-rank test. Cox
regression was used to estimate the hazard ratio (HR) for the two time periods.

The 2009 point prevalence of females with RTT aged between 5 and 32 y
was defined as follows. The numerator was the number of cases aged 5–32 y
alive on the June 30, 2009, and the denominator, obtained from the ERP (37),
was the number of females in the Australia population within this age range.
The point prevalence was calculated separately for those aged between 5 and
18 y and those aged 19 y and older in 2009.

The age of RTT diagnosis was obtained from either the family or clinician
questionnaires. If no age of diagnosis was available, a surrogate age was
estimated using multiple sources of information including date of ascertain-
ment, date of genetic testing, or through contact with families. All records
were updated with date of death or date last known to be alive as of December
31, 2009 (estimated from the last contact with the families or their clinician).
We also linked the cohort to the National Death Index housed at the
Australian Institute of Health and Welfare to determine whether any of the
subjects had died since their last contact with the study. Ethics approval was
received from the Australian Institute of Health and Welfare for the linkage
to the National Death Index.

RESULTS

As of December 31, 2009, the ARSD contained informa-
tion on a total of 349 females (of whom 44 were deceased)
born between 1976 and 2006 and diagnosed with RTT
between 1982 and 2008. Age of diagnosis ranged from 1 to
28 y of age (mean, 5.5 y; 95% CI, 5.04–5.96; Table 2).
There was a decreasing trend in age of diagnosis from

Table 1. Rett syndrome prevalence studies conducted from 1982 to 2006 across the world

Country, study year(s)
Classification of Rett

syndrome cases
Prevalence per
10,000 females

Prevalence
95% CI

Age range
(y) References

Southwest Sweden, 1982 Classical only 0.65 0.25–1.05* 6–17 16
West Scotland, 1982 Classical only 0.69 0.41–0.99* 3–15 18
Southwest Sweden, 1982 Classical only 0.84 0.38–1.30* 6–17 17
Switzerland, 1967–1982 Classical only 0.41 0.26–0.56* 4–19 14
Northern Italy, 1973–1983 Classical only 22.03 7.2–51.3* 4–12 28
Tokyo, Japan, 1988 Classical and atypical 0.50 0.32–0.68 6–14 24
North Dakota, USA, 1989 Classical only 0.53 0.06–0.96 0–18 15
Northern Tuscany, Italy, 1978–1990 Classical and atypical 2.1 0.04–4.16 3–14 22
Fukui prefecture, Japan, 1993 Classical only 0.22 0.05–1.13* 6–14 26
Texas, USA, 1990 Classical and atypical 0.44 0.36–0.53 2–18 19
Estonia, 1993 Classical only 0.66 0.25–1.07* 0–15 25
Australia, 1994 Classical and atypical 0.67 0.55–0.79 5–18 21
Norway, 1995 Classical and atypical 2.17 1.87–2.59* 3–19 23
France, 2004 Mutation positive 0.58 0.51–0.66 4–15 13
Australia, 2004 Classical and atypical 0.88 0.83–0.93 5–18 20
Hong Kong West, 2006 Classical only 0.57 0.15–0.98 �35 27

* Confidence intervals were not presented in Laurvick et al (20) but were calculated from data given in that article.

Table 2. Birth prevalence of Rett syndrome between 1976 and
2006 for diagnoses made up until 2008

Year of birth

Number
of cases
(n � 349)

Mean age
of diagnosis

(y)*

Number of cases
per 100,000 female
births (95% CI)

1976–1979 30 10.1 6.84 (4.62–9.77)
1980–1983 40 7.8 8.67 (6.23–11.87)
1984–1987 51 5.6 10.79 (8.05–14.21)
1988–1991 54 5.7 10.92 (8.19–14.23)
1992–1995 57 5.4 11.26 (8.54–14.61)
1996–1999 54 3.9 11.04 (8.3–14.41)
2000–2003 40 3.4 8.23 (5.88–11.21)
2004–2006 23 2.5 6.11 (3.84–9.1)
Overall (1976–2006) 349 5.5 9.37 (8.41–10.41)

* These means may not be representative of the whole population, as some
cases may not have been diagnosed.
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6.04 y for those born 1999 or before to 3.03 y for those born
after 1999. The point prevalence of RTT in Australia on
June 30, 2009, was 8.6 per 100,000 females (95% CI,
7.4 –10.1) aged 5–18 y and 5.8 per 100,000 females (95%
CI, 4.8 –6.9) aged 19–32 y.
The birth prevalence varied by birth year (Table 2), peaking

for those born in the early to mid-1990s. For classical RTT,
there was a steep upward trend until 1988 followed by a rapid
decline with a later increase for atypical cases (Fig. 1). In
those younger than 4 y, the birth prevalence increased from
1985, although in other age groups it remained consistent over
time (Fig. 2).
The period effect is shown in Figure 3, starting with the

first English-speaking publication of RTT in 1983 (1).
Peaks in incidence occurred after the publication of each set
of diagnostic criteria and following the establishment of the
ARSD in 1993 and its subsequent systematic case ascer-
tainment (21). A further peak occurred with the introduc-
tion of MECP2 testing in the early 2000s. The subsequent
availability of testing with MLPA (11) seemed to have had
little further impact.

Initially, RTT was diagnosed most commonly in those aged
4–11 y. From 1986 onward, diagnosis became more frequent
in those younger than 4 y, whereas fewer diagnoses were
made in those older than 12 y (Fig. 4). The age at diagnosis
decreased from a median of 4.5 y before 1999 to 3.5 y
afterward (log-rank test p � 0.01; Fig. 5). This is equivalent
to a 32% increase in risk of diagnosis (HR, 1.32; 95% CI,
1.06–1.63) from 1999 onward. Generally, more than half of
all girls would be diagnosed by the age of 5 y. This repre-
sented a cumulative risk of 6.51 per 100,000 person-years
(95% CI, 5.65–7.39) or a likelihood of 1 in 15,361 Australian
girls being diagnosed with RTT by the age of 5 y; increasing
to 1 in 10,299 (9.71 per 100,000 person-years (95% CI,
8.64–10.78) by the age of 12 y and 1 in 8,905 (11.23 per
100,000 person-years (95% CI, 10.03–12.45) by the age of
32 y.

DISCUSSION

This is the first study to investigate changing trends in RTT
diagnosis. The mean age at diagnosis in Australia decreased
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over time from �6 y for those born before 2000 to 3 y of age
for those born since 2000, although a small proportion of cases
were still diagnosed at a later age. Active case ascertainment
through the ARSD (21) and the introduction of genetic
testing (9) seem to have resulted in the subsequent identi-
fication of many previously undiagnosed individuals born
since 1976. The recognition of atypical relative to classical
RTT has also increased over time, suggesting better aware-
ness of clinical variation. However, the low birth preva-
lence in girls born after 2003 shows that some lag time to
diagnosis may still persist.
We acknowledge that obtaining complete case ascertain-

ment for a rare disease is challenging. However, the strengths
of this study are that it was population-based and used an
active system for ascertaining rare pediatric disorders in Aus-
tralia. Moreover, one of the sources of ascertainment, the
APSU, has been found to meet all the necessary criteria
developed by the Centres for Disease Control and Prevention
for the evaluation of surveillance systems (30). We have also
previously shown that in comparison with international data,
there seems to be no socioeconomic bias in regards to age at
diagnosis of RTT in Australia (39). The use of multiple
sources (provided often by clinician and family) to determine
age at diagnosis both strengthens the precision and reduces
possible recall bias. Thus, our data are likely to be represen-
tative of RTT in Australia and unbiased in that respect. One
unavoidable shortcoming, however, is the restriction to those
born 1976 and onward. In the absence of a mechanism to
ascertain adult women with RTT in Australia in a systematic
and comprehensive way, this restriction was felt to be the only
way to maintain the rigor of the register. On the other hand,
were some girls with RTT to have died before diagnosis, as
is possible, we may have minimally under-ascertained the
birth prevalence. Furthermore, we only have information on
the number of diagnoses made not the number of genetic
tests requested to confirm these and other diagnoses. How-
ever, we have demonstrated possible effects of the changing
of diagnostic criteria (2,5,6,10,40) over time on the clinical
identification, epidemiology, and monitoring of trends in
RTT. However, this impact has been less deleterious than
the effects seen with autism spectrum disorders over the
past few decades (33).
Thirteen of the 16 previous epidemiological studies (Table

1) were conducted before the discovery of causative muta-
tions within MECP2. Cases were usually ascertained
through a single contact with specialists (14–18,25,27),
child health departments (22,23,28) or education depart-
ments (15,27), institutions (14,25), and special schools
(14,15,24,26), although some used population-based
sources (19–21). In one study, case ascertainment involved
contacting laboratories for MECP2 positive individuals or
analysis of precollected blood from a family RTT organi-
zation (13), and only cases with a pathogenic MECP2
mutation were included. There are few study groups (17,20)
that have followed their cohort over time and therefore,
RTT may have been previously under-ascertained.
Frequency measures have also varied in that in some studies

the term “incidence” was used (13,18) (expressed, by one

study, as per 10,000 births) (18) and considered by another
study as an estimate of the prevalence (13). Where the term
incidence has been used, the denominators have been the
annual female births, and the numerator the number of RTT
cases for that period in question. For “prevalence,” the
denominators have also differed with some studies using
the female population at risk and others the number of
female births per year. It is generally unclear whether
incidence, birth prevalence, or current point prevalence
were actually measured (41). In the latter, any deceased
cases should be excluded from the numerator and this may
or may not have been done. Subject numbers have also
varied from one (26) to 274 (20). Some studies have been
restricted to classical cases (14–18,25–28) and one to only
mutation positive individuals (13). The variation in age
boundaries from 0 y to the highest age possible can often
cause an underestimate of the prevalence due to an in-
creased denominator. Although RTT is a condition present
from birth, its observable onset is generally between 6 and
18 mo and thus an earlier diagnosis is unlikely.
The age-specific trends were similar for both year of birth

and year of diagnosis, in that diagnosis in the younger age
groups increased, and for older cases, it remained fairly
consistent over time. One difference is the peak in 4–7 y olds
being diagnosed between 2003 and 2005, which is not mir-
rored by any changes in the birth prevalence for this age
group, and a decrease in birth prevalence for the 8–11 y olds
from 1995 onward. This may signify that children were being
diagnosed younger. In general, the calendar year of diagnosis
seems to have had more of an impact than the year of birth,
with significant research events in the history of RTT increas-
ing the number of diagnoses being made.
Our RTT frequency estimates were generally higher than in

previous studies. Given the phenotypic variability in this
disorder (42), it is important not to exclude or at least to
separately define atypical cases, but this was only done in
seven of 16 studies (19–24), whereas another was restricted to
mutation positive cases (13). Our population-based database
with assisted recruitment by the APSU (29) will have en-
hanced ascertainment and, therefore, have reported higher
subject numbers than studies not using active population-
based methods of surveillance. Our prevalence was also
higher than the 1993 population-based Texas study (19),
which was undertaken before the identification of the relation-
ship with MECP2 and may have under-ascertained atypical
cases, which tend to be diagnosed at an older age (39).
Through genetic testing and the identification of additional
genes that can cause Rett-like symptoms, a broader spectrum
of RTT phenotypes has emerged (7,42,43), from a very severe
early onset presentation to one which is much milder. In recent
years in Australia, the number of cases diagnosed with atyp-
ical has approached that of classical RTT, indicating an
increase in the identification of atypical presentations and
improvement in diagnostic practice.
Cumulative risk has only been estimated in Australia

where the necessary population-based register exists
(20,21). It provides an accurate estimate of the risk of RTT
diagnosis by age and is a useful and intuitive measure. The
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change in cumulative risk before and after 1999 shows a
clear increase in the risk of RTT diagnosis and a parallel
decrease in age of diagnosis. The highest prevalence was in
those aged between 5 and 18 y, with a decrease in those
aged 19 y and older. This decrease would be expected in
line with the increased mortality in older girls and women
(20). In combination, these measures provide vital infor-
mation about the diagnostic pattern of RTT over time so
that we can discern whether the age of diagnosis has
actually decreased or whether this is an artifact due to the
absence of cases generally not diagnosed till older. An
earlier diagnosis is important for families in that it provides
them with the ability to come to terms with the cause of
their child’s symptoms, to have a label for their child’s
condition, obtain earlier access to appropriate services, and
receive support from within parents’ organizations (44).
The European Organization for Rare Diseases suggests that

6–8% of the European population suffer from a rare disease
(45), so that together these conditions are no longer rare.
Many rare disorders impact not only on those diagnosed but
also on their family, society, and the healthcare system.
Limited information and research into rare diseases means that
those people who suffer from them usually have delayed
diagnosis and limited access to support and services. Receiv-
ing an earlier diagnosis provides families with mechanisms to
cope and move on with their lives, whereas a delayed diag-
nosis may result in families experiencing potentially avoidable
stress and emotional or financial strain. It is essential that
appropriate and comparable methods, which are population-
based wherever possible, be used to research the epidemiology
of RTT. Only then can real changes in incidence and preva-
lence over time and differences across countries be identified.
Such methods will also help identify inequality in access to
diagnostic services between and within countries, any true
ethnic variation and any possible environmental exposures
that might predispose to occurrence of the causative MECP2
mutations.
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