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Abstract

Introduction. Denmark was the first country in the world to implement a

national, free-for-all offer of prenatal screening for Down syndrome to all

pregnant women. It has a high uptake (>90%) compared to other countries.

Thus, Denmark offers an interesting case for investigating the consequences of

implementing comprehensive, national prenatal screening guidelines. The aim of

this study was to describe the historical developments in invasive procedures,

pre-/postnatal diagnoses of Down syndrome and Down syndrome live births in

the period 1973–2016 in Denmark. Material and methods. Data on invasive

procedures, pre- and postnatal Down syndrome diagnoses were retrieved from

the Danish Cytogenetic Central Registry. Results. From 1973 to 1993, screening

based on maternal age and high-risk indications resulted in a constant increase

in invasive procedures. After the introduction of the triple test in 1994, invasive

procedures decreased for the first time in 20 years. Following the introduction of

an offer of combined screening to all pregnant women in 2004, the number of

invasive procedures decreased markedly, while there was a concurrent increase

in prenatal diagnoses of Down syndrome. Additionally, the number of Down

syndrome live births decreased suddenly and significantly, but subsequently

stabilized at 23–35 annual live births. Of these, the majority were diagnosed

postnatally. Conclusion. Though prenatal screening technologies constantly

improve, it was the introduction of and adherence to national guidelines that

resulted in marked shifts in screening procedures and outcome in Denmark.

Abbreviations: cFTS, combined first trimester screening; DCCR, Danish

Cytogenetic Central Registry; DFMS, Danish Fetal Medicine Society; DS, Down

syndrome; LB, live birth; NIPT, non-invasive prenatal testing; TOP,

termination of pregnancy.

Introduction

Over the last decades, numerous prenatal screening pro-

grams have been successively introduced in many

countries. Prenatal screening for Down syndrome (DS),

for example, has developed significantly over the years

with regard to screening tools and diagnostic options

(1–5). The consequences of implementing and offering

such screening programs with regard to number of
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prenatal DS diagnoses, termination of pregnancy (TOP)

and live births (LB) have been estimated in different con-

texts (6–9). Such estimates are essential for monitoring

and future planning of prenatal offers.

Since 1968, all Danish data on prenatal and postnatal

chromosome analyses have been systematically reported

by all cytogenetic laboratories in Denmark to the Danish

Cytogenetic Central Registry (DCCR) (10). The DCCR

thus has virtually complete coverage of constitutional

chromosomal abnormalities diagnosed in the country.

Consequently, in Denmark, we have a unique opportunity

to retrieve and present the historical development in

actual numbers of invasive diagnostic procedures as well

as numbers of DS prenatal diagnoses, TOPs, and LB for

the past 40 years.

Developments in screening for and diagnosis of DS are

not only determined by technological developments. The

changing demographics of the target population as well as

the impact of policy and guideline changes must also be

taken into account to understand the impact and outcome

of offering prenatal screening for DS. Denmark was the first

country in the world to implement a national, free-for-all

offer of combined first trimester screening (cFTS) as well as

a second trimester ultrasound examination for fetal malfor-

mations to all pregnant women (11,12). Additionally, Den-

mark has a high uptake (>90%) in the prenatal screening

program (13) compared to other North European coun-

tries (14–16). Thus, Denmark offers an interesting case for

investigating the consequences of implementing compre-

hensive, national prenatal screening guidelines.

The aim of the study was to describe the historical

developments in Denmark concerning DS prenatal

screening and testing for the period 1973–2016 with

regard to the number of invasive procedures, pre-/postna-

tal DS diagnoses and DS LBs.

Material and methods

All results from pre- and postnatal chromosome analyses

are registered in the DCCR. We retrieved information

about invasive procedures as well as pre- and postnatal

DS diagnoses regardless of diagnostic method. The prena-

tal DS diagnoses are distributed according to the due date

(not day of invasive procedure or TOP) in order to make

data comparable with postnatal DS diagnoses, which are

recorded after LB. Information about annual birth rate

and distribution of maternal age at delivery was retrieved

from the Danish Health Data Authority.

Ethical approval

The present study is based on anonymous registry data.

According to Danish laws, research not involving human

material or sensitive personal data does not require ethi-

cal approval (17) or data protection approval (18).

Results

Denmark has a population of 5.7 million. The annual

number of pregnancies and the number of pregnancies in

women aged ≥35 years at delivery are presented in Fig-

ure 1.

Developments in screening policy

Table 1 presents developments in the Danish national

guidelines for DS prenatal screening and diagnostics.

However, it must be noted that before 2004 there were

some regional and local differences in the organization

and offer of prenatal screening with some hospitals using

expanded screening criteria or offering additional exami-

nations/testing to some groups, not included in the

guidelines. The 2004 guidelines represented the most

prominent change as the offer of screening was expanded

to all pregnant women. Simultaneously, the screening

technology was significantly improved by the nationwide

and mandatory introduction of an offer of the cFTS in

addition to a first and a second trimester ultrasound

examination. Thus, the previous regional differences were

thoroughly eliminated.

Developments in invasive procedures

Figure 2 presents the number of annual invasive diagnos-

tic procedures in Denmark. It includes all indications and

all trimesters. The figure illustrates that following the ini-

tial introduction of DS screening based on age and preg-

nancy history in 1973, there was a constant and

substantial increase in invasive procedures until 1993,

when the number peaked at 8592 annual procedures.

During this period, some obstetric departments had

introduced screening based on biochemical markers; how-

ever, this offer was unevenly distributed. In 1994, the tri-

ple test was added to the national screening program

Key Message

The outcomes of prenatal screening in Denmark

depend on national uniform guidelines. Following a

national implementation of combined first trimester

screening in 2004, Down syndrome detection rates

increased and invasive procedures decreased. Since

2004, the number of Down syndrome live births has

been halved.
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guidelines (19), which allowed a more targeted identifica-

tion of the risk population (previous criteria was main-

tained, see Table 1). Subsequently, the number of

invasive procedures dropped and stabilized at an average

of 7211 annual procedures (1993–2003), until the cFTS

was introduced in the 2004 guidelines. Despite screening

now being offered to all and accepted by most pregnant

women, the number of invasive procedures decreased

markedly. Interestingly, despite the increase in maternal

age (and consequently increased risk of DS), the number

of invasive procedures has stabilized at approximately

3300–4000 annual procedures between 2005 and 2016.

The 2016 increase in invasive procedures consists of a

decrease in the number of chorionic villus sampling but a

concurrent increase in amniocentesis.

Developments in prenatal diagnoses and live
births

Figure 3 presents the annual distribution of pre- and

postnatal DS diagnoses; that is, the actual cases of DS

prenatal diagnoses and the actual cases of DS LB. It

should be noted that the vast majority of prenatal diag-

noses of DS result in TOP, and the majority of DS LB are

not diagnosed until after birth (see Figure 4). Figure 3

shows that the number of prenatal DS diagnoses steadily

increased from 1973 to 2003. The figure suggests a small

increase in diagnoses following the 1994 introduction of

the triple test. From 1993 to 2003, the number of DS pre-

natal diagnoses increased from 47 to 85 and the number

of invasive procedures decreased from 8595 to 6352 per

year. This suggested increase is supported when dividing

the number of prenatal DS diagnoses with the total num-

ber of invasive procedures on all indications (hereafter

referred to as the aggregate positive predictive value)

(Figure 2). Up to 1994, the aggregate positive predictive

value of the overall prenatal screening program was

approximately 0.5% which increased to 1% following the

introduction of the triple test.

The introduction of cFTS in 2004 resulted in a marked

decrease in invasive procedures and a concurrent increase

in DS diagnoses to 97–137 cases annually (Figure 3). Fol-

lowing the introduction of cFTS screening (2005–2016),
the aggregate positive predictive value of the overall

national screening program increased to 3.8% annually

(range 3.4–4.3%) (Figure 2).

Developments in Down syndrome live births

Figure 4 shows the distribution of pre- and postnatal

diagnoses in the group of DS LB. During 1973–2003,
there were 36–81 DS LB annually. Following the 2004

guidelines, the number of DS LB decreased suddenly and

significantly, but subsequently stabilized at 23–35 DS LB
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Figure 1. Total number of pregnant women and number of pregnant women ≥35 years giving birth in Denmark 1973-2015 (numbers for 2016

not available).
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annually. There has been no change in the TOP legisla-

tion in Denmark between 1973 and 2016. Interestingly, of

the annual DS newborns, only one to nine children were

diagnosed prenatally, meaning that only very few parents

choose to continue the pregnancy when DS is diagnosed

during pregnancy. Thus, the majority of DS LB was either

not detected by screening or parents declined prenatal

screening or diagnostic procedures.

Between 2004 and 2016, the number of prenatal DS

diagnoses steadily increased despite a relatively constant

number of invasive procedures and LB. Since 1988, there

has been a small subpopulation who chooses to continue

the pregnancy and where the pregnancy results in an LB.

The highest numbers of prenatally diagnosed DS LB

occurred in 2013 and 2016. In 2016, nine of 27 DS LB

had been diagnosed prenatally. This corresponds to 33%

of the DS LB that year, but only 7% of the total number

of DS prenatal diagnoses in 2016. In comparison, the

numbers in 2014 were 12% and 3%, respectively.

Discussion

The results demonstrate the effect of implementing

national guidelines for DS screening in 1973–2016 in

Denmark. The increase in detection rate and decrease in

invasive procedures after 2004 was a clear result of a joint

implementation of and adherence to the national guideli-

nes across all regions and hospitals.

The impact of the guidelines are even more notable

when taking into account the preceding regional and local

differences, which meant that first and/or second trime-

ster ultrasound were offered at some hospitals (20–22).
For example, ultrasound screening examinations were not

included in the national guidelines until 2004; neverthe-

less, in 2000, 55% of the pregnant population had at least

one offer of an ultrasound screening examination during

pregnancy (22). This figure, however, covers great regio-

nal variation. A study shows that in 2000, cFTS was rou-

tinely offered in one hospital (1.1% of the pregnant

population) and offered as a pilot study in three hospitals

(21). However, the significant and additional (non-guide-

line) screening activities in Danish obstetric departments

prior to the 2004 guidelines occurred without significant

changes in the number of invasive procedures or prenatal

diagnoses, which underscores the effect of a collective

commitment to a joint prenatal screening program.

Our study shows that between 2004 and 2016 the num-

ber of prenatal diagnoses of DS increased but the number

of invasive procedures and LBs remained constant. This

may be explained by increasing maternal age (more cases

to detect) combined with refinements in the screening

technology (for example, the inclusion of pregnancy-

Table 1. Danish national guidelines on prenatal screening.

Year Stated purpose Screening indication Screening technology High-risk group

Diagnostic

test

1978 To prevent birth of

children with

severe, lifelong

disability

Maternal age

≥35 years or

paternal age ≥50

or pregnancy

history

None Maternal age ≥35 years or paternal age ≥50

or pregnancy history

Invasive

1981 To prevent birth of

children with

severe, lifelong

disability

Maternal age

≥35 years or

pregnancy history

None Maternal age ≥35 years or pregnancy

history

Invasive

1994 To offer women a

choice of prenatal

diagnosis if at

increased risk

Maternal age

≥35 years or

pregnancy history

Triple test (age AND AFP AND

estriol AND hCG) or straight

to invasive diagnostic test

Maternal age ≥35 years or Triple Test result

>1:400 for DS

Invasive

2004 To offer information

and a choice of

prenatal screening

All cFTS (age AND (PAPP-A AND

b-hCG) AND nuchal

translucency) AND 2nd

trimester malformation scan

cFTS risk for DS >1:300 or risk for Edward

or Patau syndrome >1:150 or pregnancy

history or malformation

Invasive

2017 To offer information

and a choice of

prenatal screening

All cFTS (age AND (PAPP-A AND

b-hCG) AND nuchal

translucency) AND 2nd

trimester malformation scan

cFTS risk for DS >1:300 or risk for Edward

or Patau syndrome >1:150 or pregnancy

history or maternal age >45 or outliers for

PAPP-A or b-hCG or Nuchal translucency

>3.5 mm or malformation

Invasive or

NIPT+

invasive if

positive

AFP, alpha-fetoprotein; hCG, human chorionic gonadotropin; cFTS, combined first trimester screening; DS, Down syndrome; NIPT, non-invasive

prenatal testing, PAPP-A, pregnancy associated plasma protein-A.
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associated plasma protein-A (PAPP-A) <0.2 multiples of

the median in the risk algorithm), which allow more pre-

cise detection of high risk for DS (5). The most recent

change in the national guidelines is an expansion of the

high-risk category to include maternal age ≥45 years,

nuchal translucency measurement ≥3.5 mm and outlier

biochemical results (23). However, it is not only the devel-

opments in the risk algorithm or the increased understand-

ing of additional risk factors that have increased the

prenatal detection of DS. Over the past 10 years, there has

been a significant development and improvement in ultra-

sound technology. This development may explain the

increase in amniocentesis procedures seen in 2016, as it

may reflect improvements in second and third trimester

detection of malformations by ultrasound.

The 2017 guidelines include an offer of non-invasive

prenatal testing (NIPT) as an alternative to invasive test-

ing for high-risk pregnant women. One could expect the

offer of NIPT to reduce significantly the number of inva-

sive procedures for the group of high-risk women in

Denmark. Such decrease has been the result of offering

NIPT in other contexts (24). However, unpublished

results from the Central Denmark Region show that only

20% of women in the high-risk group chose NIPT as an

alternative to invasive diagnostics. A possible explanation

could be that the Danish Fetal Medicine Society (DFMS)

generally agrees that invasive diagnostics and chromoso-

mal micro-array (CMA) are valuable diagnostic tech-

niques in identifying a significant number of genomic

aberrations in high-risk pregnancies. These aberrations

are not detected by NIPT. This common understanding is

based on recent Danish studies (5,25). Thus, clinicians

are alert to the importance of pre-test counseling and

informing high-risk women of the advantages and disad-

vantages of NIPT and CMA, respectively. As the imple-

mentation of NIPT is still relatively new, it is not possible

to draw final conclusions, but the preliminary data sug-

gest that Danish women at high risk often choose CMA

over NIPT. This finding resonates with Dutch studies

indicating that a majority of pregnant women at high risk

for aneuploidies (26) or with an abnormal ultrasound

finding (27) want maximum information about the fetus.

However, NIPT has other potentials to influence pre-

natal screening in Denmark. For example, prior to the

2017 guidelines, approximately 15% of the high-risk pop-

ulation declined the offer of invasive procedures (5). For

women who decline invasive procedures due to fear of

procedure-related risk of miscarriage, NIPT is a genuine

alternative that allows women to make a choice based on

their desire for knowledge rather than their fear of mis-

carriage (28). For this group, the offer of NIPT is

expected to increase the number of prenatal diagnoses.
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Figure 2. Number of invasive procedures and the aggregate positive predictive value defined as trisomy 21/chorionic villus

sampling + amniocentesis (T21/CVS + AC) (all indications) in Denmark 1973–2016.
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Figure 3. Number of Down syndrome (DS) cases according to pre- or postnatal diagnosis in Denmark 1973–2016.
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Figure 4. Down syndrome (DS) live births and time of diagnosis in Denmark 1973–2016.
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As long as the screening program detection rate is less

than 100% for DS, undiagnosed DS LB will occur among

women who have been screened. The number of DS LB

remains relatively constant in Denmark. This study shows

that DS LB are primarily a result of lack of prenatal

detection rather than active choice. However, we have lit-

tle knowledge about the screening status of mothers of

newborns with a postnatal diagnosis of DS. It would be

valuable to know how many of those had declined screen-

ing, had declined diagnostic procedures or simply had a

low-risk cFTS result.

A recent systematic review found that parents who

choose to continue the pregnancy following a severe diag-

nosis – such as DS – requested timely and adequate

information, and continued and empathic interactions

with clinicians (29). In Denmark, the number of women

and couples who choose to continue the pregnancy is

very low, and it is very important that the needs of this

subpopulation are not overlooked and that the decision

to continue is positively supported and legitimized by

clinicians.

Looking back, the 2004 guidelines impacted more than

invasive procedures and detection rates. It also influenced

the professional and clinical context into which it was

implemented in several other ways. First, based on preced-

ing dialogue with clinicians, the National Health Authori-

ties initiated the 2004 guidelines to counteract emerging

local discrepancies in prenatal screening and care. With the

exception of a few university hospitals, the offer of cFTS to

all women was new to most hospitals. Thus, the guidelines

represented a considerable, collective challenge for all

departments with regard to increased requirements for

equipment, staff and education. However, these collective

challenges served as a common platform, for example for

developing educational standards and for procurement of

equipment, which further advanced collaboration within

clinical genetics, fetal medicine and across obstetric ultra-

sound units. Secondly, the clinical collaborations following

the 2004 guidelines gave the medical speciality a joint

understanding of the importance of a high-quality, uni-

form clinical practice to ensure a consistent and equal offer

of prenatal screening, testing and care to all pregnant

women in Denmark. This understanding was, and is sup-

ported by, the work of the DFMS that initiates and pro-

duces clinical guidelines that are continuously discussed,

revised and collectively approved at annual meetings. The

DFMS guidelines specify and explicate the national guideli-

nes in line with current clinical developments, interests and

concerns. Thirdly, another result of the standardization of

prenatal screening practices has been the establishment of

the Danish Fetal Medicine Database (30). The database

enables close and consistent monitoring of a wide range

of quality parameters to assess performance (for example

false-positive rates), allow benchmarking between hospitals,

and support continuous quality improvement. Fourthly, a

joint decision was made that the cFTS is carried out in all

departments by nurses and midwives, who must be certified

in sonography by the Fetal Medicine Foundation, including

annual audits and re-certification. And finally, from the

consistent and high uptake, we have learned that Danish

pregnant women are very positive towards a free-for-all,

comprehensive prenatal screening program.

Strengths and limitations

A key methodological strength in this study is the validity

of data. Today, Denmark has a nationally homogeneous

prenatal screening program with a very high uptake of

more than 90% of the pregnant population. Until very

recently, no private clinics offered NIPT or invasive test-

ing, and thus very little data was lost. One registry, the

DCCR, has continuously collected the data over the entire

period and has an extremely high follow-up rate due to

the Danish personal identifier, the CPR (personal registra-

tion number) (10). A limitation is that the DCCR has

some results on miscarriage and these have been

included. However, data on miscarriages are known to be

of a lesser quality, and some under-reporting of miscar-

riages caused by DS is likely.

It should also be noted that we have calculated the

aggregate positive predictive value based on all invasive

procedures. Thus, our results reflect the positive predictive

value of the overall screening program, including invasive

procedures for all indications (not only DS) and including

diagnoses of DS in both the second and third trimesters.

Moreover, approximately 15% of women at high risk

choose to forego invasive diagnostics. Identifying women

in this group who either had spontaneous abortion of a DS

fetus or DS LB would provide a more accurate positive

predictive value of the screening program.

Conclusion

Many factors influence the outcome of a prenatal screen-

ing program: demographics, technical advances, attitudes

and not least the implementation of national guidelines.

In Denmark this has resulted in stable numbers of DS

LB until 2004, when the cFTS was implemented. As a

consequence the number of DS LB has since been

halved.
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