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A B S T R A C T

Purpose: Previous research estimated the effect of selective terminations on birth prevalence and
population prevalence of people with Down syndrome (DS) in the United States and Europe.
This study provides comparative data from Australia and New Zealand.
Method: The number of live births (LBs) with DS—in the absence of DS-related terminations of
pregnancy—was estimated on the maternal age distribution in the general population. Actual
LBs were modeled on registry data. We applied constructed survival curves to annual LBs to
predict population numbers.
Results: For 2016-2020, we estimated 265 annual LBs with DS (1 in 1158) in Australia and 41
annual LBs (1 in 1450) in New Zealand. For this period, the reduction percentage—the net result
of DS-related terminations on LB prevalence—was estimated at 66% for Australia, 71% for
New Zealand, 62% for Europe (excluding the former East Bloc), and only 32% for the
United States.
Conclusion: The total population of people with DS has been decreasing since 2000 in Europe
(West Bloc) and 2011 in New Zealand owing, in large part, to increased selective terminations.
By contrast, the population continues to increase, as of 2020, in Australia and the United States.

© 2022 American College of Medical Genetics and Genomics.
Published by Elsevier Inc. All rights reserved.
Introduction

Accurate estimates of the prevalence of chromosomal
conditions such as Down syndrome (DS) provide the
foundations for the development of effective public policy
and service provision. However, in Australia, there is neither
a national registry nor recent country-level data on DS live
birth (LB) prevalence. Data collection on LBs with DS
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setts General Hospital, 125 Nas
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varies between state jurisdictions, and regional Australian
surveillance data are scattered over diverse reports. For New
Zealand, the New Zealand Birth Defects Registry (NZBDR)
has collected DS LB prevalence information from 1980
onward. However, an estimation of population prevalence is
lacking.

Access to accurate data is essential to provide a foun-
dation for nongovernment and government initiatives within
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Australia and New Zealand, such as the National Disability
Insurance Scheme (NDIS) in Australia, informing resource
allocation and providing insights into accessibility.
Comprehensive data are also essential to inform advocacy
efforts to address health and social inequities faced by
people living with DS and to help understand the implica-
tions of trends such as the increased life expectancy of
people with DS and the wider use of noninvasive prenatal
screening.

Increasingly, prospective parents are choosing noninva-
sive prenatal screening because they seek information about
the likelihood their pregnancy has a chromosomal difference
such as DS.1 In Western Australia, 93% of prospective
parents chose termination after diagnostic confirmation of a
high chance screening result for DS during the period 1980-
2013.2 It is important to note that this rate of termination
does not mean a reduction of births by 93% because there
was (and still remains) a substantial group of prospective
parents who chose to forgo prenatal screening or diagnostics
for a variety of reasons.

Previous modeling estimated an overall reduction of
babies born with DS as a consequence of selective termi-
nations to be 30% in the United States as of 20103 and 54%
in Europe as of 2011-2015.4 This study provides a point of
comparison for Australia and New Zealand. By establishing
baseline data for DS LB prevalence and population preva-
lence of people with DS by age group, we aimed to clarify
the effect of prenatal screening so that we can better inter-
pret future trends.
Materials and Methods

Estimates of nonselective LBs of children with DS

The number of LBs with DS—in the absence of DS-related
terminations of pregnancy—can be estimated on the basis of
the maternal age distribution in the general population.5 We
applied the model of Morris et al.5 Data on maternal age
distribution in Australia and New Zealand were collected
from the Australian Bureau of Statistics, Stats NZ, and the
Demographic Yearbook Collection of the United Nations
(Supplemental Materials 1A and B).

Estimates of actual LBs of children with DS

The number of children with DS that are born is reduced by
the number of DS-related terminations of pregnancy.
However, prenatal diagnostics were not available before
1967. We have assumed that, for both Australia and New
Zealand, reduction was 0 in 1967, 1% in 1972, and 4% in
1977, similar to the estimates used in earlier studies.3,4 Data
on actual LBs of children with DS in New Zealand born in
the 1970s are not available. However, for Australia, we
found 3 studies that confirm that there were only small
numbers of DS-related terminations in this period.6-8
On the basis of data from the National Perinatal Statistics
Unit,9 we estimated a reduction of 15% in 1982 in Australia.
On the basis of the NZBDR, we estimated a reduction of
14% in 1982 in New Zealand. Reduction rates between
1977 and 1982 were interpolated.

For 1982-2003, the National Perinatal Statistics Unit
reported the number of LBs of children with DS across
Australia. In addition, we found regional data for New
South Wales (1990-2018), Queensland (1981-1983; 1988-
2004; 2008-2020), South Australia (1980-1998; 2002-2011;
2013-2017), Victoria (1983-2010; 2013-2016), and West
Australia (1980-2014) (Supplemental Materials 1C and D).

For 1982-2003, we have used the estimates on the basis of
the countrywide data. From 2004-2018, to reduce the possible
random fluctuation in regional samples, we have used 5-year
running averages based on the regional data combined. For
2019, we have used the 3-year average of 2018-2020. For
2020, we have used the average of 2019-2020.

The Clearinghouse Report (2014) reports data on LBs
with DS in New Zealand for 1980-2012.10 Professor Barry
Borman of the NZBDR provided data for 1996-2020 by
personal email. For the overlapping years (1996-2012),
there seems to be an under-reporting in the Clearinghouse
Report. The NZBDR annually provides data for the Clear-
inghouse Report. If a child with DS is reported to the
NZBDR at a later time, it will be added to the NZBDR
database, whereas the Clearinghouse Report is not updated.
As such, we assumed a similar extent of underreporting for
1980-1995 and have corrected the data accordingly
(Supplemental Materials 1C and D).

Modeling survival

For modeling survival in DS, we followed the approach of
de Graaf et al.4 On the basis of multiple historical studies on
the survival of persons with DS in high-income countries,
they constructed DS-specific survival by year of birth.

We have not found specific data on survival for people
with DS in New Zealand. In Australia, however, this has
been the focus of different studies.11-16 The model pro-
jections of 1-, 5-, and 10-year survival rates by year were
highly similar to the data from these Australian studies
(Supplemental Materials 2A). However, the (Western)
Australian research data from the late 1950s and 1960s
show somewhat higher survival rates than projected by the
model.12 This might be the result of an undercounting in this
time frame of children with DS who died before they were
registered by the surveillance programs.

For modeling survival rates beyond age 10 years from
1950 onward, de Graaf et al4,17 made use of the average of
(highly similar) survival curves for people with DS from 7
different historical studies, one from Australia—ie, study by
Glasson et al.13 Up to 1950, de Graaf et al4,17 used a haz-
ardous curve based on the study by Penrose.18 Differences
were small between the modeled survival curve beyond age
10 years (as used from 1950 onward) and the curve con-
structed by Glasson et al13 (Supplemental Materials 2A).
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Prediction of numbers of people with DS alive and
deceased by age and year

For both Australia and New Zealand, we applied our con-
structed survival curves to the estimated annual numbers of
LBs of children with DS to predict the number, by age
group, of people with DS alive in the population. We also
predicted the number of deaths of people with DS by age
group for different years (Supplemental Materials 3).

Validating the model

InAustralia, theNationalDisability InsuranceAgency (NDIA)
is the government agency that provides funding for services for
people with permanent and significant disabilities. On request,
the NDIA provided data on the number of participants withDS
in the NDIS, by age group, as of June 2020 and June 2021.We
compared these to our modeled projections of people with DS
alive by age (Supplemental Materials 3A).

The WHO Mortality Database comprises deaths, by
primary cause of death, registered in national vital regis-
tration systems.19 National systems can be incomplete, and
deceased people with DS will not always be registered as
having died with DS as the primary cause of death. How-
ever, if we were to assume that under-registration is not
dependent on the age of the person, one could consider these
data as a depiction of the age distribution of deaths of people
with DS. We compared this distribution to the model pre-
dictions (see Supplemental Materials 3B).
Results

LBs and LB prevalence

For the most recent period, 2016-2020, we estimate 265
annual LBs of children with DS in Australia, corresponding
to a LB prevalence of 8.6 per 10,000 LBs (1 in 1158). For
New Zealand, this is 41 annual LBs, and a LB prevalence of
6.9 per 10,000 LBs (1 in 1450). Absent DS-specific elective
terminations, nonselective LB prevalence would have been
25.4 per 10,000 LBs in Australia and 23.4 per 10,000 LBs in
New Zealand. For this period, the reduction percentage,
which is the net result of DS-related terminations on LB
prevalence, was estimated at 66% for Australia and 71% for
New Zealand.

In Figure 1, we compare the historical developments in
LB prevalence for Australia and New Zealand. For com-
parison, we added the United States and Europe, excluding
the former East Bloc countries because these have had very
different historical developments.4 The data for the United
States and Europe were derived from earlier studies.3,4,17

For 1946-1950, DS LB prevalence is estimated at 19.0 per
10,000 LBs for Australia and at 20.0 per 10,000 LBs for
New Zealand. Europe (excluding the East Bloc) had a
higher value of 23.7 per 10,000 LBs, and the United States a
lower value of 15.8 per 10,000 LBs. For all 4 geographic
regions alike, after 1946-1950, nonselective DS LB preva-
lence steeply decreased until around 1980. Subsequently,
nonselective prevalence started to rise again, reaching the
highest values in Australia and Europe (excluding the East
Bloc), followed by New Zealand and the United States
(Figure 1).

Regarding actual LB prevalence, more different patterns
emerged by geographic location (Figure 1). In the United
States, actual LB prevalence fell to 9.9 per 10,000 LBs for
the period 1981-1985 and increased afterward to around 13
per 10,000 LBs in 2011-2015, the most recent period with
data available.3,20 In contrast, in Europe (excluding the East
Bloc), the nadir was in the period 2001-2005 with 8.9 per
10,000 LBs followed by a slight increase in the most recent
years to 9.6 per 10,000 in 2011-2015.4,21 Australia and New
Zealand appear to follow a path that is in-between the
United States and Europe (excluding the East Bloc). In
Australia, the actual LB prevalence decreased to 10.5 per
10,000 LBs in 1981-1985 and increased subsequently (as in
the United States in the same period) to 11.9 per 10,000 LBs
in 1986-1990, was similar at 11.8 per 10,000 in 1991-1995,
and then decreased afterward (as in Europe in the same
period) to 8.6 per 10,000 LBs in recent years. In New
Zealand, actual DS LB prevalence decreased to 10.5 per
10,000 LBs in 1976-1980, stayed fairly constant up to 1991-
1995 (10.9 per 10,000 LBs), peaked afterward to 13.2 per
10,000 LBs in 1996-2000, followed by a decrease to 12.5
per 10,000 LBs in 2001-2005, and subsequently to 6.9 per
10,000 in 2016-2020.

Reduction percentage refers to the percentage of potential
LBs of children with DS that are not born as a result of DS-
specific elective terminations (Figure 2). Starting in the late
1980s, the European reduction percentage became increas-
ingly higher than that in the United States.3,4,20 Again, we
saw that Australia and New Zealand seem to follow an in-
between path, first resembling the United States, but later
in time matching that of European developments. For
comparison, as of 2011-2015, the reduction percentage was
estimated at 64% for Australia, 61% for New Zealand, 62%
for Europe (excluding the former East Bloc), and only 32%
for the United States.

Within Australia, we estimated the reduction rate by
state. For the most recent years with data available for every
main state (2008-2011 combined with 2013-2014), the
reduction rate varied between 58% in Queensland to 69% in
South Australia (the Australian average was 63%).

Population numbers and population prevalence

As of 2020, we estimate a total of 13,426 people with DS
living in Australia, 36% under the age of 20 and 30% above
the age of 40 (Figure 3). For New Zealand, this estimate is
3065 people, with 34% under the age of 20 and 32% above
the age of 40 (Figure 4) (see Supplemental Materials 4). In
absence of DS-related termination, the population of people
with DS as of 2020 would have been 23,156 in Australia
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and 4862 in New Zealand, corresponding to a population
reduction rate of 42% and 37%, respectively. For compar-
ison, as of 2015 (the most recent year with data available for
all 4 geographic locations), these values were 36% for
Australia and 30% for New Zealand, similar to the 32% in
Europe (excluding the East Bloc) but much higher than the
21% in the United States.4,17,20

Actual DS population prevalence as of 2020 was esti-
mated at 5.2 per 10,000 inhabitants in Australia and at 6.0
per 10,000 in New Zealand. As of 2015, DS population
prevalence was estimated at 5.6 per 10,000 inhabitants in
Australia, 6.8 per 10,000 in New Zealand, 6.7 per 10,000 in
the United States,17,20 and 6.3 per 10,000 in Europe
(excluding the East Bloc).4

The difference between New Zealand and Australia in
DS population prevalence partly reflects the higher DS LB
prevalence in New Zealand between 1996 and 2008
(Figure 1). However, before 1996, for most 5-year periods,
Australian DS LB prevalence was slightly higher to that in
New Zealand. Still, in comparison to New Zealand,
Australian DS population prevalence (with the exception of
the 0- to 4-year olds) is consistently lower in every 5-year
age group (Supplemental Materials 4). We deem this a
result of a higher influx of immigrants in the general pop-
ulation into Australia than into New Zealand, increasing the
value of the denominator.

DS population prevalence in Australia, New Zealand,
and Europe alike has increased up to around 2000 and
gradually decreased afterward (Supplemental Materials 4).4

In contrast, in the United States, DS population prevalence
has continued to increase in recent years.17,20

Validation

In Figure 5, we compare the model for DS population
projections by age group for Australia in 2020 and 2021
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with the counts by the NDIA. We have omitted people of 65
years of age and older because one must be younger than 65
years to enter the NDIS.

For all age groups, the 2021 counts by the NDIA are
higher than their 2020 counts. This implies that, although
officially full rollout of NDIS was reached in 2020, still
some people with DS in all age groups entered between June
2020 and June 2021. The increase is the strongest in the
very young children, suggesting that, although officially all
0
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1950-2020.
children with DS aged younger than 7 years are automati-
cally eligible for the NDIS, there are structural delays in
parents of young children with DS applying for access to the
NDIS (Supplemental Materials 3A).

With the exception of the youngest age group, the model
for 2021 had a fairly good fit with the 2021 numbers in the
NDIS. The model predicted 13,338 people with DS under
65 years of age as of 2021; the NDIA reported 12,708, a
difference of only 3%. If we exclude the 0 to 4 year olds, the
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difference is 0.7%. In the 20- to 39-year age group, as of
2021, the NDIA appears to count slightly more people (5%)
than we had modeled. For the age range 40 to 55 years, the
model predicted more people (9%) than the counts
(Supplemental Materials 3A). Our best hypothesis regarding
people with DS aged 40 years and older is that they and their
families have been managing without government support
for a long time, they are probably not accustomed to seeking
formal support services or therapies and therefore may have
a slower uptake to the NDIS.

In Supplemental Materials 3B, we show that the model
projections of the age distribution of deaths of people with
DS by year, for both Australia and New Zealand, are in line
with the corresponding data from the WHO Mortality
Database.19
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Discussion

Development of DS LB prevalence

Europe (excluding the East Bloc) has the largest nonselec-
tive LB prevalence for DS, followed by Australia, New
Zealand, and the United States (Figure 1). We see a similar
pattern over time in all 4 geographic regions. After World
War II (WWII), smaller family sizes and the earlier birth of
the first child resulted in a decrease in nonselective LB
prevalence for DS because children with DS are less likely
to be born to younger mothers.4,17 From around 1980 on-
ward, as a result of the postponement of the birth of the first
child, this trend reversed (Figure 1).
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The actual LB prevalence for DS after 1970 shows more
striking differences by geographic location (Figure 1). In the
United States, after the nadir in the period 1981-1985, actual
LB prevalence for DS started to rise again.3,4 By contrast, in
Europe (excluding the East Bloc) actual LB prevalence for
DS decreased until around 2004, followed by a very slight
increase in the most recent years.4 Australia and New Zea-
land seem to follow an in-between path. The analysis of the
development of reduction percentage over time confirmed
such an in-between path for Australia and New Zealand,
first resembling the United States with a relatively slow
increase in reduction but later catching up with a stronger
rise in reduction percentages as in Europe (Figure 2). As of
2011-2015, the reduction percentage in Australia (64%) and
New Zealand (61%) resembled the value of 62% of Europe
(excluding the East Bloc), whereas the United States had a
relatively low reduction percentage of 32%.3,4,20

Within Europe, excluding East Bloc and excluding
countries with a very restrictive abortion policy (Malta and
Ireland), reduction percentage for the period 2011-2015
varied between 40% in Sweden to 84% in Spain.4 In the
United States, as of 2014-2018, it varied between less than
20% in states such as Ohio to 66% in Maryland.20 Differ-
ences in reduction percentages might be related to differ-
ences in maternal ages, differences in prenatal screening and
reimbursement policies, differences in counseling expectant
parents, religious/cultural differences, and any combination
thereof. Within Australia, reduction percentages do vary as
well, with Queensland having a relatively low percentage. In
comparison to other Australian states, in Queensland, rela-
tively more people live in smaller towns or rural areas.22

Earlier studies have shown that living in a rural or
nonmajor urban area is associated with lower uptake of
prenatal screening.23-25

In Australia, after around 1995, the growth in reduction
percentage began to differ from the US path. This coincided
with the introduction inAustralia ofmaternal serum screening
(MSS) and the availability of an Australian Medicare reim-
bursement in 1993.2,26 In contrast, in New Zealand, around
1996, after a pilot in the early 1990s, funding for second
trimester MSS was withdrawn.27 That might explain the
relatively slower growth in the reduction percentage up to
2000. However, whereas we see a stronger increase in
reduction percentage from 2000 onward, only in 2007 did
MSS become part of the New Zealand National Screening
Programme.28 Therefore, the stronger increase in reduction
percentage appears to have preceded this change in policy.
However, before 2007, although a national policy on MSS
was lacking, expectant couples could ask for nuchal trans-
lucency or for second trimester biochemical screening if they
were aware of these possibilities andwerewilling to pay a fee.

In New Zealand, the introduction of NIPS from 2013
onward seems not to have had an accelerating influence on
the reduction percentage, to date—ie, the reduction per-
centage continued increasing at more or less the same pace.
In Australia, in most recent years, the rise in reduction
percentage even appears to have leveled off. However, NIPS
is not reimbursed in either Australia or New Zealand and
brings considerable costs for the expectant women. In 2016-
17, across Australia, two-thirds of pregnancies were
screened, 72% were MSS and only 28% were NIPS.29 The
effect of NIPS on LB prevalence for DS might increase if
public funding or reimbursement were available.

Development of the DS population and population
prevalence

As of 2020, we estimated a total of 13,426 people with DS
living in Australia and 3065 living in New Zealand. DS
population prevalence was estimated at 5.2 per 10,000 in-
habitants in Australia and at 6.0 per 10,000 in New Zealand.

After WWII, as a result of better survival of people with
DS, especially in childhood, the total DS population size in
both Australia and New Zealand strongly increased. In New
Zealand the apex of population size was reached in 2011
and has been decreasing since. In contrast, in Australia the
DS population is still increasing as of 2020. As of 2015, in
the United States, the DS population size is still increasing
too. However, in Europe (excluding the East Bloc), the
population size has been decreasing already since 2000.4,17

DS population prevalence increased after WWII in both
Australia and New Zealand. In Australia the apex was
reached in 1997 and in New Zealand in 2001. For com-
parison, in Europe (excluding the East Bloc), the apex was
reached in 1997, whereas in the United States, as a result of
the much lower reduction of LBs of DS, the DS population
prevalence has continued to increase in recent years.4,17,20

Improvement in survival of children with DS has
changed the age distribution of people with DS. In 1950, in
Australia, 79% of people with DS were aged younger than
20 years, and <1% were aged 40 years and older. As of
2020, these percentages were 36% and 30%, respectively.
The corresponding values for New Zealand are highly
similar. In 1950, DS was a primarily childhood syndrome;
recently, there are many persons with DS in their fourth,
fifth, and sixth decades of life. The United States and
Europe (excluding the East Bloc) have seen a comparable
development.4,17

Limitations of the method

The accuracy of the model’s estimates are dependent on the
quality of input data. After 2003, we used regional data for
Australia. We assumed that actual LB prevalence would be
similar between states with and without data. However, the
available regional data covered 92% of the general births for
2000-2004, 83% for 2005-2009, 94% for 2010-2014, 69%
for 2015-2018, but only 20% for 2019-2020. Therefore, the
most recent values (2019-2020) might be less accurate. The
value of LB prevalence for DS in 2019 is based on data from
Queensland and New South Wales. For 2015-2018, an es-
timate based on these 2 states alone would be 4% higher
than the estimate based on all states with available data. The
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value for 2020 is based on only data from Queensland. The
values of LB prevalence for Queensland were on average
7% higher for 2015-2018 than the estimate on the basis of
all 5 states. If we had corrected for this difference, the
reduction rate in Australia as of 2020 would have been
estimated at 68% instead of 66%. We consider discrepancies
in this range acceptable for modeling. In addition, birth
defect surveillance programs might be affected by some
undercounting. This could explain the fact that for the 20- to
39-year age group, as of 2021, the NDIA appears to count
slightly more people (5%) than we had modeled. However,
our model’s estimates are higher than the NDIA counts for
young children and for older adults. This suggests that more
governmental action might be needed to reach out to fam-
ilies of both very young children with DS (aged 0-7 years)
and to people with DS aged older than 40 years.

In our model, survival rates were based on diverse his-
torical studies from high-income countries, including data
from Australia, but also from the United States, Europe,
Canada, and Japan. These estimated rates could be too high
or too low for Australia and New Zealand. However, using
Australian-based estimates of survival (Supplemental
Materials 3A), instead, leads to highly similar results and
a slightly less good fit between model and NDIA counts.

It is important to note that the mortality of people with
DS in low-income countries will be much higher than in
high-income countries. In estimating the worldwide popu-
lation of people with DS, results from countries such as New
Zealand, Australia, United States, and the European
non–former East Bloc cannot be applied to low-income and
under-resourced countries without adaptations.

Regarding migration of people with DS into or from
Australia and New Zealand, we have assumed that net
migration was zero. Both Australia and New Zealand have
very strict rules regarding health requirements for people
immigrating into the country.30-34 However, before 2001,
New Zealanders could enter Australia on a special category
visa and directly apply for citizenship. New Zealand citizens
who arrived in Australia after February 26, 2001, are not
eligible for NDIS.35 In 2019, there were around 570,000
New Zealand–born people living in Australia.36 Some of
them might have DS. Therefore, perhaps the higher number
in the Australian NDIS, in comparison with the model for
the age group 20 to 39 years, might partly be explained by
some New Zealand–born people with DS being enrolled in
the NDIS. However, earlier research has shown that United
States interstate migration is much lower in people with DS
than in the general population.37 People with DS are usually
more dependent on support than people without an intel-
lectual disability. Therefore, we would expect the numbers
of immigrants with DS to be very low.
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