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Abstract
We aimed to estimate the nonselective live birth prevalence, actual live birth prevalence, reduction percentage because of selective
terminations, and population prevalence for Down syndrome (DS) in European countries. The number of people with DS alive in
a country was estimated by first modeling the number of live births of children with DS by year of birth. Subsequently, for these
different years of birth, survival curves for people with DS were constructed and then applied to these yearly estimates of live
births with DS. For Europe, 2011–2015, we estimate 8,031 annual live births of children with DS, which would have been around
17,331 births annually, absent selective terminations. The estimated reduction of live birth prevalence was, on average, 54%,
varying between 0% in Malta and 83% in Spain. As of 2015, we estimate 419,000 people with DS are living in Europe; without
elective terminations, there would have been about 574,000 people with DS, which corresponds to a population reduction rate of
27%. Such statistics can be important barometers for prenatal testing trends and resource allocation within countries. Disability
awareness initiatives and public policy initiatives can also be better grounded with these more precise estimates.

Introduction

Down syndrome (DS) is increasingly shifting from a postnatal
to a prenatal diagnosis, especially as noninvasive prenatal
screens (NIPS) are expanding worldwide. NIPS can signal the
likelihood that a fetus has a chromosomal condition, like DS,
as early as 9 weeks of gestation, after which an expectant
couple can elect to pursue chorionic villus sampling or
amniocentesis [1, 2]. With DS-related elective terminations
increasing in the U.S., there are an estimated 30% fewer live
births with DS [3]. As of 2010, this has resulted in an

estimated 19% reduction in the overall DS population in the
U.S [4].

There have been multiple studies on the basis of
EUROCAT data about DS birth prevalence in European
countries [5–8]. In contrast, the population size and popu-
lation prevalence of people with DS alive in European
countries have only been roughly estimated (see Supple-
mentary S8) [9]. More precise estimates of population size
and population prevalence have been published for just a
few European countries—that is, England/Wales [10–12],
the United Kingdom [13], Ireland [13], the Netherlands
[13], and Denmark [14]. Yet, recent news reports have
offered speculation. “Few countries have come as close to
eradicating DS births as Iceland,” per one report [15].
Accurately estimating the live birth and population pre-
valence for any genetic condition matters. Such statistics
can be important barometers for prenatal testing trends and
resource allocation within countries. Disability awareness
initiatives and public policy initiatives can also be better
grounded with more precise estimates. Here we report
detailed results of multi-country analyses, incorporating a
variety of precise birth registries and modeling techniques.

Materials and methods

The number of people with DS alive in a country can be
estimated by modeling the number of LBs of children with
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DS, and, subsequently, constructing DS-specific survival
curves. For the European countries, we have used an
adaptation of this method, as developed by de Graaf et al.
for the U.S. and specific U.S. states [3, 16, 17].

Estimating nonselective live birth prevalence

Nonselective LB prevalence for DS is what would have
occurred absent DS-related elective terminations. This can be
estimated by applying the maternal-age-specific chances for a
live birth with DS, derived from Morris et al. [18], to the
maternal ages in the general population. Country-specific
data on maternal age for 1950–2015 are available in the
World Population Prospects of the United Nations [19].
For estimating nonselective prevalence before 1950, we used
the Demographic Yearbook Collection of the United Nations
[20]. For missing data, we used extrapolations on basis of the
World Population Prospects of the United Nations Popula-
tion Division [19]. Procedures and sources are detailed in
Supplementary S1A, S1B, S3A, and S3B.

Estimating actual live birth prevalence

Prenatal screening, if followed by elective DS-related termi-
nation, changes the actual LB prevalence of DS. To estimate
actual live birth prevalence, we have collected data on actual
numbers of LBs of children with DS, from EUROCAT and
other sources (Supplementary S1D) [21]. For missing data,
we have used extrapolations of trends. For some countries, we
have used additional data (for instance, the number of inva-
sive procedures), which can be used in a more indirect way
(Supplementary S1C).

Modeling survival

We adapted an earlier model from de Graaf et al.
[4, 10, 16, 17]. On the basis of multiple DS-specific his-
torical studies in developed countries, de Graaf et al. con-
structed and validated a model with different survival
curves for people with DS for each year of birth [4]. In
addition, they constructed separate curves for different
ethnic groups in the U.S. based on the relationship between
1-year survival within these ethnic groups in general
population and the 1-year survival in people with DS in
recent years. De Graaf et al. extrapolated this relation
back in time [4]. De Graaf et al. used the same strategy to
differentiate U.S. states [17].

In our European study, we have assumed that a lower
1-year survival in the general population (Supplementary
S4B) will be indicative for a less well-developed medical
care system, which will concomitantly impact the survival
of children with DS. We used a similar strategy as
de Graaf et al. [4, 17]. to correct for this probable

effect. Subsequently, we used relationships between 1-year
survival in DS and 5- and 10-year survival in DS from
historical studies [4] to predict 5-year and 10-year survival
(Supplementary S4A).

Like de Graaf et al., for modeling survival rates beyond
10 years of age, we made use of the average of the (highly
similar) survival curves for DS from seven different his-
torical studies [4]. For the period before 1950, de Graaf
et al. [4]. used a survival curve beyond 10 years of age with
a more rapid decrease, based on the work of Penrose [22].
De Graaf et al. used this more hazardous survival curve for
predicting the survival until the calendar year 1950. In
1950, 60% of children with DS in the U.S. were estimated
to survive their first year of live. If another country had an
estimated 1-year survival rate for DS <60%, we assumed
that survival beyond 10 years of age in earlier cohorts fol-
lowed the more hazardous survival age up to that year.

Validating and adjusting the survival modeling

First, there are a few studies in which the number of people
with DS by age group has been estimated using population
counts. We compared these with our modeled predictions
(Supplementary S5A). Secondly, we compared our age
distribution of deaths of people with DS with information
on this age distribution from national statistical offices as
reported in the WHO Mortality DataBase (MDB) [23]
(Supplementary S5C).

The initial model matched the population counts of people
with DS for four different former West bloc countries (a term
we use to refer to European countries that were not formerly
under communism). However, the initial model (“Model A”)
had a very poor fit for four different former East bloc coun-
tries (a term we use to refer to European countries formerly
under communism; Supplementary S5A).

For the former East bloc countries, we developed three
alternative models for survival. “Model B” has been made
to fit the East bloc data on people alive (Supplementary
S5A). However, Model B (in which survival to 10 years of
age and above 10 years of age is adapted) might be too
extreme in lowering the historical estimates of 1-year sur-
vival in people with DS. As an alternative, we developed
“Model C” (Supplementary S5B) in which 1-year survival
is unaltered (in comparison to Model A), but the survival
rates above 10 years of age up to 1980 are lowered, as this
adaptation led to a distribution of age at death (Supple-
mentary S5C) that was much more similar to the empirical
data than following Model A. However, the assumption that
only survival above 10 years of age would historically be
less favorable in former East bloc countries does not seem
fully logical. As a final exploration, we developed “Model
D,” in which survival above 10 years of age up to 1980 is
less favorable (as it is in Model C), but 1-year survival is
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adapted to a value that is the mean of the value of model A
(which is the same value as in Model C) and Model B.

In Supplementary S5C, data on the distribution of age at
death of people with DS from national statistics are com-
pared with our models’ predictions. The initial model
(Model A) has a good fit for former West bloc countries. For
the former East bloc, Model D appears to have the best fit.

Estimating population prevalence

For estimating population prevalence, we made use of
the estimated number of people in general population,
derived from the World Population Prospects of the United
Nations [19].

For the former West bloc countries, we have used Model A
for survival in people with DS (Supplementary S4 and S5).
For the former East bloc countries, we present the results of
Model D. In Supplementary S6 and S7, the results of the other
Models are presented as well (with Models B and D in detail).

Results

LBs and LB prevalence of DS

For Europe, between 2011–2015, we estimate 8031 annual
live births of children with DS and a live birth prevalence of
10.1 per 10,000 live births. Without elective terminations,
LB prevalence would have been around 21.7 per 10,000
live births, or 17,331 births annually. The estimated
reduction of LB prevalence by elective terminations during
this period was, on average, 54%, varying between 0% in
Malta to 83% in Spain (Fig. 1; Supplementary S6 and S7).

Among the four geographic European regions, between
2011 and 2015, the nonselective LB prevalence was highest
(29.4 per 10,000 LBs) and the actual LB prevalence was
lowest (8.3 per 10,000 LBs) in Southern Europe (Fig. 1).
Southern Europe had the highest reduction percentage
(71%), followed by Western Europe (59%), Northern Eur-
ope (51%), and Eastern Europe (38%). However, inside
regions, there are considerable differences between coun-
tries (Fig. 1, and Supplementary S6).

Differences between former East bloc and former West
bloc countries were clear. For 2011–2015, nonselective LB
prevalence for former East bloc countries ranged between
13 and 22 per 10,000 LBs and for former West bloc
countries ranged between 22 and 33 per 10,000 LBs.
Reduction percentage was lower in the former East bloc
countries (38%) than in the former West bloc countries
(62%), but the range was wide (Fig. 1).

For 1945 (see Fig. 2; Supplementary S6 and S7), non-
selective LB prevalence is estimated at 24.4 per 10,000 LBs

in Europe versus only 18.0 per 10,000 LBs in the U.S. After
World War II, in the U.S. and Europe alike (Fig. 2), non-
selective LB prevalence of DS decreased until around 1980
and rose again afterwards. In the U.S., the nadir of LB
prevalence (of 10.9 per 10,000 LBs) was reached in 1978;
in Europe as a whole (12.3 per 10,000) in 1982. Between
the four European regions, and between countries, there was
variation between nadirs (Supplementary S6 and S7).

From 1980 to 2015, the changes in nonselective LB
prevalence of DS in Europe and the U.S. were fairly similar
(in Europe increasing from 12.5 per 10,000 in 1981–1985 to
21.7 per 10,000 in 2011–2015; in the US from 11.6 per
10,000 to 19.2 per 10,000). However, the difference in the
changes of actual LB prevalence was more striking. In
Europe, actual LB prevalence decreased between 1980 and
2000 to around 10.1 per 10,000; in the US, by contrast,
actual LB prevalence had been slowly increasing from 1980
onwards, reaching around 12.9 per 10,000 in 2011–2015.
For 2011–15, reduction percentage in LB prevalence was
estimated at 54% in Europe, versus only 33% in the U.S.

Population numbers and population prevalence of
DS

Using Model D for survival in former East bloc countries,
the DS population prevalence as of 2015 in Europe is
estimated at 5.7 per 10,000 (Fig. 3). This corresponds to an
estimation of 419,000 people with DS as of 2015 (see
Table 1 for numbers by country), of whom 32% are under
the age of 20 and 35% above the age of 40 (Fig. 4). Without
elective terminations, nonselective population prevalence
would have been about 7.7 per 10,000, or 574,000 people
with DS, which corresponds to a population reduction rate
of 27%. By comparison, as of 2015 in the U.S., as estimated
on basis of the method of De Graaf et al. [4], there were
around 215,000 people with DS (including 5,800 foreign
born) living in the U.S. (6.7 per 10,000). This would have
been 271,000 (8.5 per 10,000) (including 5,800 foreign
born) without elective terminations, corresponding to a 21%
reduction due to elective terminations (Fig. 4).

Development in population prevalence of DS has been
fairly similar in Western, Northern, and Southern Europe
(Fig. 4). That is, nonselective population prevalence has
been increasing from 1950 onwards; actual population
prevalence increased up to 2000 and slightly decreased
since (Fig. 4), as a result of rising numbers of DS-related
terminations (Fig. 2). The high reduction percentage in LBs
of children with DS in Southern Europe in recent years is
reflected in the relatively low percentage of people with DS
under the age of 20 in this region—that is 23% people with
DS, whereas there were 29% in Western Europe and 35% in
Northern Europe.

404 G. de Graaf et al.



Eastern Europe shows a different development. First,
reduction of population prevalence as a result of DS-related
terminations is relatively low, 16% as of 2015. By com-
parison, this was 28% in Northern Europe, 33% in Western
Europe and 32% in Southern Europe. Second, empirical
results suggest that up to 2000, the survival of people with
DS in former East bloc countries had been significantly
poorer than in former West bloc countries. As a result,
population prevalence in East bloc countries has been
estimated to be much lower than it would have been had we
applied former West bloc survival rates. With the survival
of people with DS being poor in the past, but having
improved strongly in recent years, a relatively high

percentage (39% as of 2015) of people with DS in Eastern
Europe are estimated to be under 20 years of age.

Detailed results by country, and by region, including the
results for other models of survival, can be found in Sup-
plementary S6 and S7 (see also Table 1).

Discussion

Development of LB prevalence

Though there are some differences in timing and magnitude,
nonselective LB prevalence decreased in all countries after
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1945, and, for most countries, increased after around 1980.
The same development is found in the U.S., a result of
decreasing family sizes, earlier marriage, and the earlier
birth of the first child in the period after WWII. In more
recent years, families started to postpone the birth of the
first child [4]. In most European countries, rising maternal
age after 1980 did not lead to increases in actual LB pre-
valence. Between 1981 and 1985 and 2011 and 2015, out of
37 countries permitting terminations, 11 countries had some
increase in actual LB prevalence (maximum of 16%
increase) and 26 had a decrease, as DS-related terminations
following prenatal diagnosis outweighed the effects of ris-
ing maternal age (Supplementary S6).

Reduction rates have increased in almost all European
countries following the introduction of prenatal screening.
However, rates vary between countries and regions and can
be influenced by legal policies. For example, reduction rates
are very low in Malta and Ireland where terminations are
highly restricted. A country’s wealth might also play a role.
Between 2011 and 2015, the overall reduction in former
East bloc countries was 38%, compared to 63% for the rest

of Europe. Former East bloc countries have lower incomes
and, in general, their screening programs have been intro-
duced more recently and are less widely available. We
found a strong correlation between Gross Domestic Product
per capita and reduction rates in these countries (r= 0.73;
p < 0.000; Supplementary S9) [24], suggesting that prenatal
screening availability and uptake increases as countries and
citizens become wealthier.

However, we also found differences in reduction rates in
wealthier countries where prenatal screening is universally
available and is largely funded by health insurers or govern-
ments. In Denmark, for example, prenatal services are con-
sidered a routine part of health care, both by counselors and
pregnant women, whereas in the Netherlands, counselors
stress that prenatal screening should be a personal and well
informed choice, and many women abstain from screening
because they do not see DS as a reason for terminating their
pregnancy [25, 26]. As such, cultural differences seem to play
a role in a country’s reduction percentage.

There also seems to be a tendency that high maternal
ages, and thus high nonselective prevalence, are often
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accompanied by relatively high reduction percentages. This
might be a result of older women more often being inclined
to use prenatal screening, reimbursement policies more
favorable for older maternal age groups, prenatal tests
having better performance in older women, countries’
wealth (which correlates with both higher maternal ages and
a wider availability of prenatal services), or some combi-
nation thereof. Overall, Europe has, on average, a much
higher reduction percentage than the U.S. Differences in
reimbursement policies and cultural considerations likely
play a role.

Our research catalogues the epidemiology up to 2015,
which is before the introduction of NIPS as a national
screening strategy in European countries. If NIPS becomes

widely available, higher reduction percentages will likely
follow. NIPS has fewer false negatives than traditional
prenatal screens, and some women who might otherwise
abstain from former prenatal screens that they had con-
sidered too unreliable, will choose for NIPS [25].

Development of population prevalence and survival

The size of the population of people with DS is influenced
by developments in survival rates. During the last 100
years, survival of people with DS has improved dramati-
cally. In the U.S. and in former West bloc countries, after
1950, survival improved quickly. Increased access to better
health care has led to the survival of people with DS well
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into their 50’s and 60’s. The earlier onset of Alzheimer’s
disease in this population is now one of the key determi-
nants of mortality in this adult population [27, 28].
However, in the former East bloc states, survival appears
not to have improved significantly until after the 1990s.
This implies that in estimating population prevalence of DS
in less developed non-Western countries, it is not valid to

apply Western survival rates of DS. Survival was, and still
will be, much lower in these countries.

Limitations of the method

First, there is uncertainty in the estimates of actual LB
prevalence due to incompleteness of data. In the Supple-
mentary S1, each country’s sources and uncertainties are
specified.

Secondly, the estimates of survival were based on the
pattern of survival in diverse historical studies, which can
lead to population estimates being too high or too low.
However, modeled population estimates by age groups and
projections of age distribution of age at death match
available empirical data well for former West bloc countries
(Supplementary S5). In contrast, for former East bloc
countries, empirical data suggest that our initial model
assumes a far too high survival before 2000. Though one
could argue that these empirical data might be flawed, the
pattern is very consistent for the different East bloc coun-
tries, which suggests there is a systematic effect and not a
random effect of empirical errors. We had developed Model
D as the best fitting model for the distribution of age at
death. However, historical survival in East bloc countries
might even have been worse, as in Model B, which was
made to fit the counts of people with DS in four East bloc
countries. Model D projects around 157,000 people with
DS in former East bloc countries as of 2015; Model B
projects 28% less, or around 113,000 people.

Third, we assumed that the net effect of migration
of people with DS has been zero. De Graaf et al. have
demonstrated that even in a country with significant
immigration, as the U.S., the effect on population pre-
valence of DS due to migration of people with DS is
small for both the country as a whole and for individual
states [4, 17].

Finally, our modeling does not include years in which
NIPS has been implemented [29], as data from these recent
years are not yet available. Recent cultural and legal
changes (e.g., the revision of pregnancy termination laws in
Ireland [30] and Northern Ireland [31]) might also have
potential effects on live birth prevalence.

Conclusion

Overall, our research has produced estimates of the popu-
lation size and age distribution of people with DS in all the
European countries. These data should prove valuable to
researchers and policy makers, while also establishing a
baseline by which the effects of prenatal testing can be
measured in future years.

Table 1 2015 estimates of number of people with Down syndrome in
European countries.

Region/country Number

Western Europe 111,304

Austria 4716

Belgium 5646

France 35,684

Germany 47,465

Luxembourg 243

Netherlands 13,309

Switzerland 4241

Northern Europe 69,760

Denmark 2887

Estoniaa 679

Finland 4130

Iceland 234

Ireland 6557

Latviaa 1226

Lithuaniaa 2020

Norway 3725

Sweden 6792

United Kingdom 41,511

Southern Europe 97,964

Albaniaa 1729

Bosnia and Herzegovinaa 2063

Croatiaa 2232

Greece 7035

Italy 38,330

Malta 423

Montenegroa 440

North Macedoniaa 780

Portugal 6421

Serbia+Kosovoa 5275

Sloveniaa 913

Spain 32,323

Eastern Europe 139,997

Belarusa 5161

Bulgariaa 2879

Czech Republica 3299

Hungarya 3463

Polanda 21,328

Republic of Moldovaa 2041

Romaniaa 8736

Russian Federationa 69,220

Slovakiaa 2396

Ukrainea 21,474

aModel D used for estimates for former East bloc countries.
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