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Abstract

Prenatal screening of different anomalies including chromosomal aneuploidies have become a part of routine pregnancy care in
most countries around the world. These tests can help pregnant mothers to have informed decisions. In this study we gathered
relevant scientific and governmental/official data about uptake rate of these screenings in different developed countries and Iran.
We have tried to use the latest articles and reports, and also consider to the global trend of screening and abortion policies in devel-
oped countries. Also, some pitfalls when comparing prenatal screening of different countries will be explained. These data can help
to have a better insight about Iran’s prenatal screening status when compared with developed countries to improve public health
policies.
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1. Context

In recent years, discussions related to the reduction of
Iran’s population growth rate and the possibility of pop-
ulation decline in the coming decades have become a hot
topic, and the causes and solutions have been discussed.
In the meantime, perhaps the most controversial issue
within these discussions is about fetal health screening
and related policy changes, which have even affected the
"population youth and family support" bill of the Joint
Commission of the Islamic Parliament of Iran. The current
debates are mainly on trisomies 21, 18, and 13, and in this pa-
per, we will review the screening uptake rates of these ane-
uploidies alongside worldwide policy trends in this area.
In letter to editor entitled “Debates on Down Syndrome
Screening in Iran” in the current journal, we have dis-
cussed the etiology and debates on prenatal screening in
this country. Therefore, here we will first have an overview
of fetal screening and the screening-related legal abortion.
Then look at screening uptake rate and relevant issues in
more details. Also, will discuss some pitfalls when compar-
ing prenatal screening rate between different countries.

2. Data Acquisition

In this review for gathering prenatal screening data
from around the world specially developed countries, we

used Google with 7 different languages to find governmen-
tal/official reports and used Google Scholar and PubMed
for relevant Papers. The search combined terms includ-
ing, but not limited to, “prenatal screening”, “uptake rate”,
“participation”, “coverage”, “policies” and “utilization”. Af-
ter primary search, we had to more specifically search for
data from missing important countries. Also, different pit-
falls when comparing prenatal screening and abortion, be-
tween different countries were extracted from the papers.

3. Prenatal Screening

Screening is a process of identifying apparently
healthy people who may be at increased risk of a disease
or condition. They can then be offered information,
further tests and appropriate treatment to reduce their
risk and/or any complications arising from the disease
or condition (1). It is estimated that about 2.5 - 3% of all
infants are born with major congenital anomalies, half
of which with genetic etiology. Due to the high mortality
and morbidity rate, financial and emotional burden, and
other difficulties caused by the birth of these fetuses,
various approaches, especially different types of prenatal
screenings, have been used for early diagnose of them.

Trisomy 21, 13 and 18 are the most common autosomal
trisomies. Trisomy 21 well known as Down syndrome has

Copyright © 2021, Journal of Human Genetics and Genomics. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

http://dx.doi.org/10.5812/jhgg.119314
https://crossmark.crossref.org/dialog/?doi=10.5812/jhgg.119314&domain=pdf


Najafi A and Akrami SM

a prevalence of about 1.5 to 1.6 per 1000 live births (2). The
prevalence of the other two trisomies, also known as Patau
syndrome and Edwards syndrome, is about 1 in 12,000 and
1 in 6,000 live births, respectively (3). The 5-year survival
rate of trisomy 13 is about 9.7% and this rate for trisomy 18 is
about 12.3%. Rare cases of these patients have lived up to the
second decade of life. Affected infants have major congen-
ital malformations such as congenital heart defects, em-
physema, renal abnormalities, and central nervous system
involvement (3, 4).

As studies have shown that the risk for having a child
with trisomies 21, 18 and 13 increases with maternal age, in
some countries it was recommended that amniocentesis
or chorionic villus sampling be performed in women older
than 35, 38, or 40 years. They could be karyotyped sub-
sequently for trisomy or other chromosomal abnormali-
ties. Drawbacks of this procedure included the need for
a high number of invasive samplings, i.e., chorionic villus
sampling (CVS) or amniocentesis, and the fact that most
of these children are born from mothers under these age
cutoffs. In fact, much more deliveries from women under
the ages of 40 and 35, makes the overall number of tri-
somic babies born from these mothers to be more. So fe-
tal screening methods were gradually developed. The pur-
pose of these tests was to identify pregnancies which are
at higher risk for having an affected fetus so invasive tests
could be offered to them. Since the 1980s, attentions to pre-
natal screening of Down syndrome (trisomy 21) increased,
leading to identification of trisomy 13 and 18, as well as
some rare and fatal cases such as triploidy besides it (5).
The screening tests in developed countries have become
part of routine pregnancy care since the 1990s (6). In Den-
mark, for example, where screening tests were offered to
all pregnant women from 2004-2005, the number of inva-
sive samplings, which was about 70,000 per year between
2000 and 2003, declined to about 35,000 in 2006 (7). De-
spite halving the number of invasive diagnostic tests, there
was a 25% increase in the detection rate of fetuses with tri-
somy 21 (7). These benefits were despite the fact that the
screening coverage in 2005 - 2006 was still around 73.5%,
which has now reached more than 92% (8).

3.1. Prenatal Screening and Medical Abortion in Iran

In Iran, with the help of verse 14 of Surah Momenun
and related hadiths and three years after the religious de-
cree of the Supreme Leader in response to a question about
abortion in 2002, the legislation on medical abortion was
passed by the Islamic Parliament of Iran and its compli-
ance with Sharia and the Constitution was approved by
the Guardian Council (9). All the necessary precautions in
law enforcement have been done focusing on the nuances
considered by the Forensic Medicine Organization of the

country in the last 16 years. Prenatal aneuploidy screening
had started in Iran even before this legislation, but in 2013,
the Down Syndrome Screening Guideline was issued by the
Ministry of Health to make the screenings more uniform
throughout the country. The latest version of this guide-
line was released in 2020 (10). Based on this guideline, like
most of the developed countries, prenatal screening is of-
fered to all Iranian pregnant women.

3.2. Prenatal Screening Uptake Rates and Its Worldwide Trends

Screening programs to identify high-risk fetuses and
then perform diagnostic tests for chromosomal aneuploi-
dies, especially Down syndrome, involve a variety of proto-
cols. These procedures in the first trimester of pregnancy
mainly include ultrasonography and nuchal translucency
(NT) measurement, examination of biochemical markers
of maternal blood and combination of the results with ma-
ternal age-related risk, and also in the second trimester in-
clude testing of 3 or 4 biochemical markers in maternal
blood and anomaly scan usually at 18 - 20 weeks of gesta-
tion. Different combinations of the above methods are per-
formed under different names such as combined test, inte-
grated test, and etc. In addition, the non-invasive prenatal
testing or NIPT (with an accuracy of about 99% for identi-
fying the 3 autosomal trisomies) is rapidly becoming more
widespread in recent years.

Our survey on fetal health screening in Europe and
other developed countries has shown that screening is of-
fered to all pregnant women in Belgium, Denmark, Fin-
land, France, Switzerland, South Korea, etc., and the ex-
penses are reimbursed (11, 12). Table 1 shows the uptake rate
of prenatal screening in 18 countries.

In the EUROCAT’s 2010 report (11) it was stated that
these screenings are restricted in Ireland, Northern Ire-
land and Malta. At the time abortion was illegal in these
countries. Meanwhile, according to 2018 laws in Ireland
and 2019 laws in Northern Ireland this abortion ban was
lifted. Apart from this, we found no other examples of na-
tional restrictions imposed on fetal health screening in Eu-
ropean or other developed countries, and the differences
between countries were mainly in screening protocols and
the amount of insurance coverage for these tests.

An important point to consider is whether the global
trend in the use of fetal health screening in different coun-
tries is decreasing or increasing? In this regard, one good
example is the United States. In 1988, only about 22% of
pregnancies were screened for Down syndrome. This fig-
ure rose to about 50% in 1992, and continued to rise to 72%
in 2012 (28). In the case of Australia (Victoria, with a quar-
ter of the country’s population), prenatal serum screen-
ing increased from 1.6% in 1996 to 83% in 2013 (13). Dur-
ing the same period, due to the use of screening tests
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Table 1. Prenatal Aneuploidy Screening Uptake Rate of Some Developed Countries

Countries Prenatal Screening Uptake Rate (%) References

Australia 83 (13)

Belgium 78.7 (14)

Canada 69.9 (15)

Denmark 92.4 (8)

England 84 (16)

France 88.2 (17)

Germany Up to 85 (18)

Iceland 79 (19)

Italy 94 (20)

Netherlands 48.3 (21)

Russia 77 (22)

Scotland 76 (23)

Spain 78.4 (24)

South Korea More than 95 (12)

Sweden About 50 (25)

Switzerland More than 80 (26)

Turkey 66.2 (27)

United States 72 (28)

to identify high-risk individuals, the number of invasive
tests performed had halved (13). In the case of the Nether-
lands, where overall prenatal screening uptake rates are
lower than in other developed countries, it was just from
2007 that prenatal screening was offered to all pregnant
women. The utilization rate of these tests has increased
from about 5% at the beginning of the 21st century to
around 35% in 2010 and to above 48% in 2019 (21, 29). Also
in the Netherlands, the participation rate in the 20-week fe-
tal anomaly scan is 90% (30), which is about twice the par-
ticipation rate in the first trimester screening, and this is
probably due to the fact that pregnant women must pay
out of pocket for the first trimester screening or NIPT but
the second trimester anomaly scan is fully reimbursed in
this country (31).

In the Netherlands and Belgium, NIPT is offered to all
pregnant women. Twenty five to fifty percent of the Dutch,
Italians, Austrians, Spaniards, and people in many US states
and Australia use the test (32). Even in Belgium, where NIPT
is free for all citizens, its uptake rate is more than 75% (32).
So, we have to take these values into account in our calcula-
tions when assessing prenatal screening uptake rates and
for example if we want to consider only first trimester com-
bined test as Down syndrome prenatal screening test we
may say the rate for Netherlands is 1.7% while after adding
rate of NIPT to it we have the rate of 48.3% (21).

In Sweden, as another country with the lowest prenatal
screening rates in Europe, participation rate for pregnant
women in prenatal screening was shown to be about 33% in
a study (33). At the time of the study (2011 to 2013), a num-
ber of counties in the country had not yet adopted a pol-
icy of offering screening to mothers (33). However, in the
three years that this study was conducted, it was observed
that the participation of pregnant women in the combined
test increased from 29 to 36%. Of course, it should be noted
that the rate of use of ultrasound in the same study was
close to 98% (33). In a later study this rate was mentioned
to be about 50% (25). Also, in communication with one
of Sweden’s genetic counselors (Dr. Charlotta Ingvoldstad
Malmgren) who is active in the field of fetal health screen-
ing, she stated that there is still a huge difference in the
screening policy between different counties in this coun-
try and therefore the administration of Sweden’s munic-
ipalities and regions (Sveriges kommuner och regioner)
wants to prepare a report on how to standardize the fetal
health screening protocol across this country by the end of
2021.

In the case of England, fetal health screening is offered
to all pregnant women, and the fetal anomaly scan from
week 18 to week 20 is performed for 99.1% of pregnancies
(16). Also in most of the other developed countries this fetal
anomaly scan is performed for near all women.

Among the developed countries, Norway seems to be
the only country where to have a legal restriction on
the possibility of prenatal screening (32). But recently,
the Stortinget, or the Norwegian parliament, has passed
amendments asking the government to make sure that the
first-trimester screening is offered to all pregnant women
and they are free to access an NIPT (34).

There isn’t a clear view of Iranian women’s participa-
tion rate in prenatal screening. A recent controversial the-
sis in Iran based on a sample size of 720 women has esti-
mated that the Down syndrome screening rate in 2017 was
94.6% but the Ministry of Health data shows that this rate
for 2018 was 48.1% and for 2019 it was 50.1% which is much
lower than the values of the study (35). While the data of
the Ministry of Health from a health information registry
system called SIB seems to be more realistic, but any value
in between 50 and 94.6% is within the range of developed
countries.

4. Some Pitfalls When Comparing Prenatal Screening
and Abortion Rates of Different Countries

Different limits defined in the guidelines of different
countries does not mean that in fact they have exactly the
same or lower amount of error. As an example in the lat-
est NHS report, despite the definition of 2.5% for the maxi-
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mum false positive rate in Down syndrome screening, the
average false positive rate in the laboratories of this coun-
try was 2.6% (16).

Different countries may use different prenatal screen-
ing methods and if someone compares first trimester com-
bined test between the countries, he/she can’t say that
has compared their prenatal screening uptake rates. Also,
while the global trend of the coverage of prenatal screen-
ing is changing, you can’t compare current state of one
country with the state of another country in a decade ago.

Considering the rate of performed secondary or sup-
plementary tests as the false positive rate of first-tier
screening tests is not correct as many people can request
these tests while having a negative first trimester screen-
ing result or even without any prior test. Also, prevent
using very small or low-quality studies for drawing the
screening state of a country.

It should also be noted that these screenings are not
just for Down syndrome and these fetuses are only a part
of fetuses with disabilities that are identified in the pro-
cedure of the tests and as a result, the cumulative costs
of their birth are much higher than the figures associ-
ated with the Down syndrome alone. High rate of consan-
guineous marriages in Iran makes prenatal screening and
diagnosis more important (36-38). Fetal health screening
programs help to increase the quality of population and re-
duce the negative psychological, economic and social con-
sequences of the birth of trisomy fetuses.

5. Conclusion

In summary, it can be stated that the rate of prenatal
screening in developed countries is more than 70% and
the worldwide trend of this rate is increasing. It should be
noted than NIPT is increasingly playing a major role in pre-
natal aneuploidy screening worldwide. Traditional serum
screening seems to be replaced in near future in many
countries by NIPT, which in turn, can further increase the
prenatal screening uptake rates.

Suggestions that can be made to reduce the cost of
screening and the need for invasive testing include efforts
to reduce the cost of the NIPT test. In this regard, Belgium,
by maximizing the automation of this process and the use
of alternative materials, instead of the official ones, for the
next generation sequencing machines (NGS), was able to
reduce the cost of this test significantly and implement
it as the first-tier test in national prenatal screening (14).
Of course, the new proposed Down Syndrome Screening
Guideline developed by the Genetics Office of the Ministry
of Health is also designed to further reduce invasive test-
ing, improve the quality and performance of laboratories
and sampling, and also to respect the right of pregnant

women to whether participate in the screenings or not.
Any screening program may have defects and it is impor-
tant to assess and revise them in reasonable time intervals
based on firm scientific evidences with the help of related
scientific communities.

Footnotes

Authors’ Contribution: S.M.A. developed the original
idea, A.N. and S.M.A. gathered and analyzed relevant data,
A.N. abstracted and wrote the manuscript, S.M.A. revised
the manuscript.

Conflict of Interests: No conflict of interests.

Funding/Support: No funding.

References

1. Public Health England. NHS fetal anomaly screening programme hand-
book. London, England: Public Health England London Publication;
2018.

2. Moorthie S, Blencowe H, Darlison MW, Gibbons S, Lawn JE, Mastroia-
covo P, et al. Chromosomal disorders: Estimating baseline birth
prevalence and pregnancy outcomes worldwide. J Community Genet.
2018;9(4):377–86. doi: 10.1007/s12687-017-0336-2. [PubMed: 28948513].
[PubMed Central: PMC6167258].

3. Meyer RE, Liu G, Gilboa SM, Ethen MK, Aylsworth AS, Powell CM, et
al. Survival of children with trisomy 13 and trisomy 18: A multi-
state population-based study. Am J Med Genet A. 2016;170A(4):825–
37. doi: 10.1002/ajmg.a.37495. [PubMed: 26663415]. [PubMed Central:
PMC4898882].

4. Glinianaia SV, Morris JK, Best KE, Santoro M, Coi A, Armaroli A, et
al. Long-term survival of children born with congenital anomalies:
A systematic review and meta-analysis of population-based studies.
PLoS Med. 2020;17(9). e1003356. doi: 10.1371/journal.pmed.1003356.
[PubMed: 32986711]. [PubMed Central: PMC7521740].

5. Cuckle H, Maymon R. Development of prenatal screening–
A historical overview. Semin Perinatol. 2016;40(1):12–22. doi:
10.1053/j.semperi.2015.11.003. [PubMed: 26764253].

6. Huang T, Gibbons C, Rashid S, Priston MK, Bedford HM, Mak-Tam E,
et al. Prenatal screening for trisomy 21: A comparative performance
and cost analysis of different screening strategies. BMC Pregnancy
Childbirth. 2020;20(1):713. doi: 10.1186/s12884-020-03394-w. [PubMed:
33228595]. [PubMed Central: PMC7686697].

7. Ekelund CK, Jorgensen FS, Petersen OB, Sundberg K, Tabor A; Dan-
ish Fetal Medicine Research Group. Impact of a new national screen-
ing policy for Down’s syndrome in Denmark: Population based co-
hort study. BMJ. 2008;337. a2547. doi: 10.1136/bmj.a2547. [PubMed:
19039015]. [PubMed Central: PMC2590884].

8. Afdeling for databaseområde 3: Psykiatri; Styregruppen for Dansk Fø-
talmedicinsk Database (FØTO). [Danish Fetal Medicine Database]. Fred-
eriksberg, Denmrk: RKKP’s Videncenter,; 2018. Danish.

9. Hosseini BA, Salmaninejad A, Akrami SM. [Ethical issues in prenatal
diagnosis and therapeutic abortion in Iran]. Arvand Journal of Health
& Medical Sciences. 2016;1(2):61–7. Persian.

10. Department of Genetics; Maternal Health Department; General Office
of Health Reference Laboratory; Network Management Center. [Na-
tional guideline for organizing the prevention of fetal chromosomal ab-
normalities, Down syndrome, trisomy 13 and 18]. Tehran, Iran: Ministry
of Health and Medical Education; 2020. Persian.

4 J Human Gen Genom. 2019; 3(2):e119314.

http://dx.doi.org/10.1007/s12687-017-0336-2
http://www.ncbi.nlm.nih.gov/pubmed/28948513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6167258
http://dx.doi.org/10.1002/ajmg.a.37495
http://www.ncbi.nlm.nih.gov/pubmed/26663415
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4898882
http://dx.doi.org/10.1371/journal.pmed.1003356
http://www.ncbi.nlm.nih.gov/pubmed/32986711
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521740
http://dx.doi.org/10.1053/j.semperi.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26764253
http://dx.doi.org/10.1186/s12884-020-03394-w
http://www.ncbi.nlm.nih.gov/pubmed/33228595
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7686697
http://dx.doi.org/10.1136/bmj.a2547
http://www.ncbi.nlm.nih.gov/pubmed/19039015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2590884


Najafi A and Akrami SM

11. Boyd P, Garne E. Special Report: Prenatal Screening Policies in Europe.
Northern Ireland: EUROCAT Central Registry; 2010.

12. Kim SH, Kim KW, Han YJ, Lee SM, Lee M, Shim J, et al. Korean physi-
cians’ attitudes toward the prenatal screening for fetal aneuploidy
and implementation of non-invasive prenatal testing with cell-free
fetal DNA. J Genet Med. 2018;15(2):72–8. doi: 10.5734/jgm.2018.15.2.72.

13. Hui L, Muggli EE, Halliday JL. Population-based trends in prenatal
screening and diagnosis for aneuploidy: a retrospective analysis of
38 years of state-wide data. BJOG. 2016;123(1):90–7. doi: 10.1111/1471-
0528.13488. [PubMed: 26108969].

14. Van Den Bogaert K, Lannoo L, Brison N, Gatinois V, Baetens M,
Blaumeiser B, et al. Outcome of publicly funded nationwide first-tier
noninvasive prenatal screening. Genet Med. 2021;23(6):1137–42. doi:
10.1038/s41436-021-01101-4. [PubMed: 33564150].

15. Dougan SD, Okun N, Bellai-Dussault K, Meng L, Howley HE, Huang
T, et al. Performance of a universal prenatal screening program in-
corporating cell-free fetal DNA analysis in Ontario, Canada. CMAJ.
2021;193(30):E1156–63. doi: 10.1503/cmaj.202456. [PubMed: 34344770].
[PubMed Central: PMC8354647].

16. Public Health England. NHS Fetal Anomaly Screening Programme Screen-
ing standards data report 1 April 2016 to 31 March 2017. London, England:
Public Health England; 2019.

17. Sous la direction de Béatrice Blondel (Inserm); Lucie Gonzalez et
Philippe Raynaud (DREES). [National perinatal survey 2016 report, Births
and Settlements, Situation and evolution since 2010]. France: Lucie Gon-
zalez et Philippe Raynaud (DREES); 2017. French.

18. Schmitz D, Netzer C, Henn W. An offer you can’t refuse? Ethi-
cal implications of non-invasive prenatal diagnosis. Nat Rev Genet.
2009;10(8):515. doi: 10.1038/nrg2631. [PubMed: 19546855].

19. Thorolfsdottir E, Lunde A, Stefansdottir V, Hjartardottir H, Rut Har-
aldsdottir K. Comparing prenatal screening experiences of Icelandic
women who received false-positive and true-negative first-trimester
combined screening results in Iceland in 2012-2016. J Genet Couns.
2020;29(4):644–57. doi: 10.1002/jgc4.1269. [PubMed: 32198907].

20. Prefumo F, Paolini D, Speranza G, Palmisano M, Dionisi M, Camurri
L. The contingent use of cell-free fetal DNA for prenatal screening of
trisomies 21, 18, 13 in pregnant women within a national health ser-
vice: A budget impact analysis. PLoS One. 2019;14(6). e0218166. doi:
10.1371/journal.pone.0218166. [PubMed: 31188879]. [PubMed Central:
PMC6561575].

21. Liefers J, Atsma F. [Monitor 2019, Prenatal screening for Down syndrome,
Edward, and Patau syndrome and the Structural Ultrasound Examina-
tion]. Nijmegen, Netherlands: Scientific Center for Quality of Health-
care; 2019. Dutch.

22. Shuvalova MP, Yarotskaya EL, Pismenskaya TV, Dolgushina NV, Baiba-
rina EN, Sukhikh GT. Maternity Care in Russia: Issues, Achieve-
ments, and Potential. J Obstet Gynaecol Can. 2015;37(10):865–71. doi:
10.1016/s1701-2163(16)30019-6. [PubMed: 26606698].

23. Ritchie K, Bradbury I, Slattery J, Wright D, Iqbal K, Penney G.
Economic modelling of antenatal screening and ultrasound scan-
ning programmes for identification of fetal abnormalities. BJOG.
2005;112(7):866–74. doi: 10.1111/j.1471-0528.2005.00560.x. [PubMed:
15957985].

24. Bayon JC, Orruno E, Portillo MI, Asua J. The consequences of imple-
menting non-invasive prenatal testing with cell-free foetal DNA for
the detection of Down syndrome in the Spanish National Health
Service: a cost-effectiveness analysis. Cost Eff Resour Alloc. 2019;17:6.
doi: 10.1186/s12962-019-0173-8. [PubMed: 30867656]. [PubMed Central:
PMC6397500].

25. Lindgren P, Stadin M, Blomberg I, Nordin K, Sahlgren H, Ingvold-

stad Malmgren C. Information about first-trimester screening and
self-reported distress among pregnant women and partners - com-
paring two methods of information giving in Sweden. Acta Obstet
Gynecol Scand. 2017;96(10):1243–50. doi: 10.1111/aogs.13195. [PubMed:
28742930].

26. Loane M, Morris JK, Addor MC, Arriola L, Budd J, Doray B, et al. Twenty-
year trends in the prevalence of Down syndrome and other trisomies
in Europe: impact of maternal age and prenatal screening. Eur J Hum
Genet. 2013;21(1):27–33. doi: 10.1038/ejhg.2012.94. [PubMed: 22713804].
[PubMed Central: PMC3522199].

27. Sahin E, Inciser Pasalak S, Seven M. Consanguineous marriage and
its effect on reproductive behavior and uptake of prenatal screen-
ing. J Genet Couns. 2020;29(5):849–56. doi: 10.1002/jgc4.1214. [PubMed:
31919935].

28. Palomaki GE, Knight GJ, Ashwood ER, Best RG, Haddow JE. Screening
for down syndrome in the United States: results of surveys in 2011
and 2012. Arch Pathol Lab Med. 2013;137(7):921–6. doi: 10.5858/arpa.2012-
0319-CP. [PubMed: 23808464].

29. Engels MA, Bhola SL, Twisk JW, Blankenstein MA, van Vugt JM. Evalu-
ation of the introduction of the national Down syndrome screening
program in the Netherlands: age-related uptake of prenatal screen-
ing and invasive diagnostic testing. Eur J Obstet Gynecol Reprod Biol.
2014;174:59–63. doi: 10.1016/j.ejogrb.2013.12.009. [PubMed: 24405726].

30. Gitsels-van der Wal JT, Verhoeven PS, Mannien J, Martin L, Reinders
HS, Spelten E, et al. Factors affecting the uptake of prenatal screen-
ing tests for congenital anomalies; a multicentre prospective cohort
study. BMC Pregnancy Childbirth. 2014;14:264. doi: 10.1186/1471-2393-14-
264. [PubMed: 25106057]. [PubMed Central: PMC4137078].

31. Bakkeren IM, Kater-Kuipers A, Bunnik EM, Go A, Tibben A, de Beaufort
ID, et al. Implementing non-invasive prenatal testing (NIPT) in the
Netherlands: An interview study exploring opinions about and ex-
periences with societal pressure, reimbursement, and an expanding
scope. J Genet Couns. 2020;29(1):112–21. doi: 10.1002/jgc4.1188. [PubMed:
31710169]. [PubMed Central: PMC7041621].

32. Gadsboll K, Petersen OB, Gatinois V, Strange H, Jacobsson B, Wapner
R, et al. Current use of noninvasive prenatal testing in Europe, Aus-
tralia and the USA: A graphical presentation. Acta Obstet Gynecol Scand.
2020;99(6):722–30. doi: 10.1111/aogs.13841. [PubMed: 32176318].

33. Petersson K, Lindkvist M, Persson M, Conner P, Ahman A, Mogren
I. Prenatal diagnosis in Sweden 2011 to 2013-a register-based study.
BMC Pregnancy Childbirth. 2016;16(1):365. doi: 10.1186/s12884-016-1165-8.
[PubMed: 27876014]. [PubMed Central: PMC5120496].

34. Stortinget. [Amendments to the Biotechnology Act, etc]. Oslo: Stortinget;
2020, [cited 2021]. Norwegian. Available from: https://stortinget.no/
no/Saker-og-publikasjoner/Vedtak/Vedtak/Sak/?p=77395.

35. Zeinalloo M. [Cost analysis of Down Syndrome screening during preg-
nancy in the health network in 2018 and presentation of a proposed pro-
gram [dissertation]]. Tehran, Iran: University of Tehran; 2020. Persian.

36. Fathzadeh M, Babaie Bigi MA, Bazrgar M, Yavarian M, Tabatabaee
HR, Akrami SM. Genetic counseling in southern Iran: Consanguin-
ity and reason for referral. J Genet Couns. 2008;17(5):472–9. doi:
10.1007/s10897-008-9163-2. [PubMed: 18551360].

37. Akrami SM. Genetics of consanguineous marriage: Impact
and importance of counseling. J Pediatr Genet. 2012;1(4):217–20.
doi: 10.3233/PGE-12034. [PubMed: 27625826]. [PubMed Central:
PMC5020945].

38. Akrami SM, Montazeri V, Shomali SR, Heshmat R, Larijani B. Is there
a significant trend in prevalence of consanguineous marriage in
Tehran? A review of three generations. J Genet Couns. 2009;18(1):82–6.
doi: 10.1007/s10897-008-9191-y. [PubMed: 18843527].

J Human Gen Genom. 2019; 3(2):e119314. 5

http://dx.doi.org/10.5734/jgm.2018.15.2.72
http://dx.doi.org/10.1111/1471-0528.13488
http://dx.doi.org/10.1111/1471-0528.13488
http://www.ncbi.nlm.nih.gov/pubmed/26108969
http://dx.doi.org/10.1038/s41436-021-01101-4
http://www.ncbi.nlm.nih.gov/pubmed/33564150
http://dx.doi.org/10.1503/cmaj.202456
http://www.ncbi.nlm.nih.gov/pubmed/34344770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8354647
http://dx.doi.org/10.1038/nrg2631
http://www.ncbi.nlm.nih.gov/pubmed/19546855
http://dx.doi.org/10.1002/jgc4.1269
http://www.ncbi.nlm.nih.gov/pubmed/32198907
http://dx.doi.org/10.1371/journal.pone.0218166
http://www.ncbi.nlm.nih.gov/pubmed/31188879
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6561575
http://dx.doi.org/10.1016/s1701-2163(16)30019-6
http://www.ncbi.nlm.nih.gov/pubmed/26606698
http://dx.doi.org/10.1111/j.1471-0528.2005.00560.x
http://www.ncbi.nlm.nih.gov/pubmed/15957985
http://dx.doi.org/10.1186/s12962-019-0173-8
http://www.ncbi.nlm.nih.gov/pubmed/30867656
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6397500
http://dx.doi.org/10.1111/aogs.13195
http://www.ncbi.nlm.nih.gov/pubmed/28742930
http://dx.doi.org/10.1038/ejhg.2012.94
http://www.ncbi.nlm.nih.gov/pubmed/22713804
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3522199
http://dx.doi.org/10.1002/jgc4.1214
http://www.ncbi.nlm.nih.gov/pubmed/31919935
http://dx.doi.org/10.5858/arpa.2012-0319-CP
http://dx.doi.org/10.5858/arpa.2012-0319-CP
http://www.ncbi.nlm.nih.gov/pubmed/23808464
http://dx.doi.org/10.1016/j.ejogrb.2013.12.009
http://www.ncbi.nlm.nih.gov/pubmed/24405726
http://dx.doi.org/10.1186/1471-2393-14-264
http://dx.doi.org/10.1186/1471-2393-14-264
http://www.ncbi.nlm.nih.gov/pubmed/25106057
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4137078
http://dx.doi.org/10.1002/jgc4.1188
http://www.ncbi.nlm.nih.gov/pubmed/31710169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7041621
http://dx.doi.org/10.1111/aogs.13841
http://www.ncbi.nlm.nih.gov/pubmed/32176318
http://dx.doi.org/10.1186/s12884-016-1165-8
http://www.ncbi.nlm.nih.gov/pubmed/27876014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120496
https://stortinget.no/no/Saker-og-publikasjoner/Vedtak/Vedtak/Sak/?p=77395
https://stortinget.no/no/Saker-og-publikasjoner/Vedtak/Vedtak/Sak/?p=77395
http://dx.doi.org/10.1007/s10897-008-9163-2
http://www.ncbi.nlm.nih.gov/pubmed/18551360
http://dx.doi.org/10.3233/PGE-12034
http://www.ncbi.nlm.nih.gov/pubmed/27625826
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5020945
http://dx.doi.org/10.1007/s10897-008-9191-y
http://www.ncbi.nlm.nih.gov/pubmed/18843527

	Abstract
	1. Context
	2. Data Acquisition
	3. Prenatal Screening
	3.1. Prenatal Screening and Medical Abortion in Iran
	3.2. Prenatal Screening Uptake Rates and Its Worldwide Trends
	Table 1


	4. Some Pitfalls When Comparing Prenatal Screening and Abortion Rates of Different Countries
	5. Conclusion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

