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Objectives: To provide information to the government about the budget impact of implementing non-
invasive prenatal testing (NIPT) into prenatal screening strategies to detect Down syndrome (DS) in sin-
gleton pregnancies in Turkey; the likely costs or savings associated with NIPT in comparison to the cur-
rent practice were calculated.
Methods: A decision-analytic model was developed to calculate the cost estimates for 1,309,771 women
who gave birth in 2016; 84.8% of whom were <35-years-of-age. The superior combined test (CT) among
current strategies is compared with contingent NIPT for women < 35-years-of-age; and usual practice
of amniocentesis (AC) for women > 35 years-of-age was replaced with universal NIPT.
Results: When the market price of NIPT (1,077 PPPUS$) is used, contingent NIPT offered to high-risk
women < 35-years-of-age adds 34,907,225 PPPUS$; and for women-35 > years-of-age the universal NIPT
leads to 142,785,818 PPPUS$ more cost to the government compared to current strategies. The additional
costs with NIPT are partially compensated by the cost-savings due to reduction of the number of invasive
tests and procedure related losses (17,826,476 PPPUS$ for women < 35-years-of-age and 37,070 PPPUS$
for women > 35-years-of-age). Results are sensitive to the NIPT costs; with a lower cost of NIPT, a total
saving would be 33,116,046 PPPUS$ with new strategies.
Conclusions: NIPT might be the choice of prenatal screening strategies if its price is lowered to econom-
ically acceptable levels. Until that time, currently accepted protocols seem to be more realistic. On the
other hand, decision makers should also consider possible savings and the women’s quality of life that
can be improved with the new technology.

© 2019 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. All rights reserved.
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Introduction

Prenatal screening for common chromosomal abnormalities es-
pecially for Down Syndrome (DS) is now a routine part of ante-
natal care programs in most countries [1]. In Turkey, all pregnant
women should be offered one of the antenatal screening tests ac-
cording to the guideline of the Ministry of Health [2]. Combined
test (CT) and triple test (TT) are the most widely used screening
approach for women who are under 35 years-of-age [3-5]|. Women
who are detected for high-risk (> 1/250) should undergo inva-
sive tests including amniocentesis (AC), chorionic villus sampling,
or cordocentesis for definitive diagnosis. Among all, AC is more
commonly performed due to operator’s personal preference and
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technical aspects while CVS has started to replace AC in some cen-
tres [6,7]. Since the risk of having a DS child increases with age, AC
should be recommended for all women who are above 35 years-of-
age, regardless any screening tests [8-10]. There are some maternal
and fetal complications of all the techniques, and procedure related
loss (PRL) of a healthy fetus is disappointing for parents and physi-
cians [11-13].

Recently, the non-invasive prenatal testing (NIPT) using fetal
cell free DNA has become more popular as an alternative screen-
ing strategy due to its 99% detection rate, with a false positive
rate of 0.09-0.1%. [14-15]. In addition to its higher prediction
rates, the NIPT can also reduce the number of invasive procedures
and the number of PRLs [16]. Despite its proven advantages, the
price of NIPT presents an important barrier for universal adoption.
Accordingly, there has been a surge of cost-effectiveness studies
conducted in several countries comparing NIPT with other prac-
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tices [17-26]. Most of these studies show that the contingent NIPT
as a second-step screening for high-risk patients may result in
lower costs via decreasing unnecessary invasive procedures and
PRLs [17,19-22,24-28]. In line with these studies, we previously
conducted an economic analysis in which we compared the costs
and outcomes of current screening strategies and the implementa-
tion of NIPT for women under and above the age of 35 in Turkey
[27]. The findings were consistent with most of other country stud-
ies; as for all age groups NIPT resulted in reducing invasive pro-
cedures and PRLs, but was more costly. For women younger than
35 years-of-age, conventional tests followed by the NIPT for high-
risk women were more cost-effective. Although these findings are
important for decision makers, they also need a detailed analysis
for the total cost of implementing new strategies. A Budget Im-
pact Analysis (BIA) addresses this issue by presenting the expected
changes in healthcare expenditures after the usage of a new tech-
nology. A BIA is also required along with a cost-effectiveness analy-
sis as part of an economic evaluation for reimbursement decisions.
A BIA shows the fiscal impact of implementing a new technology
and the reimbursement authority will have a clear idea about its
affordability [29].

Public health insurance is universal and compulsory in Turkey.
Being the sole purchaser of health services for the whole pop-
ulation, the Social Security Institution (SSI) needs information
about whether the implementation of NIPT into prenatal screening
strategies is affordable or not, and what would be the likely costs
or savings that are associated with these strategies. In this study,
we calculated the budget impact of the best alternative strategies
in prenatal screening including pregnancy follow-up and delivery
or termination of pregnancy in Turkey. The main purpose of this
study is to provide information to the reimbursement authority
(i.e. the SSI) about the budget impact of implementing NIPT into
prenatal screening strategies to detect Down syndrome (DS) in sin-
gleton pregnancies in Turkey.

Materials and method

A decision-analytic model was developed to calculate the bud-
get impact of implementing NIPT together with the current strate-
gies of prenatal testing to detect DS cases in singleton pregnan-
cies in Turkey. The cost estimates were done for 1309,771 women
who gave birth in 2016; 84.8% of whom were under 35 years-of-
age. The age-specific risks of DS were obtained from Turkish data
[30,31]. The analysis benefited the results of an earlier economic
analysis in which the costs and consequences of different screen-
ing strategies were compared, and for women under 35 years of
age, CT was found to be superior relative to the other strategies
[27]. The NIPT was implemented as a second-tier test after the de-
tection of high-risk pregnancies by CT, and we have shown that the
NIPT-positive women having AC would result in more cost-effective
results. When AC and NIPT for women > 35 years-of-age were
compared, AC was dominated over NIPT through detecting slightly
higher DS cases with a less cost. On the other hand, there was no
PRL with NIPT, but AC was calculated to result in more than 200
times PRLs (206 PRL) [27].

In the budget impact analysis, we compared “CT” with
“CT+NIPT in high risk cases” for women < 35 years-of-age; and AC
with NIPT for women > 35 years-of-age. Our model allows all di-
rect costs in relation to the screening of each singleton pregnancy
up until the birth, taking into account the risks of PRL and ter-
mination of pregnancy (TOP), as well as the costs involved during
the course of antenatal care. The estimated costs for each strat-
egy included those directly related to prenatal screening, preg-
nancy follow-up, and the final outcome (TOP, PRL, vaginal delivery/
caesarean section) that are accruing to the government through
SSI [30-32]. Hence, the analysis will also provide the information

about the cost of antenatal care to the government together with
the delivery of singleton pregnant women.

We assumed that all women have full compliance of prenatal
screening testing and regular antenatal follow-up. AC was assumed
to be the only invasive procedure, and that all women who were
detected as high-risk (> 1/250) or NIPT-positive would have un-
dergone AC. In the case of DS detection for high-risk women, the
patient can decide to terminate or continue the pregnancy. No fur-
ther tests were assumed, except for the follow-up cost accruing for
those who wish to continue their pregnancies. The same proce-
dures in follow-up were assumed to be provided for low-risk or
NIPT-negative groups. Fig. 1 shows the decision analytical model
for the two age groups.

The model inputs, costs and sources are shown in Table 1. The
estimated prevalence of DS according to women'’s age, termination
of pregnancy rate and vaginal | caesarean sections deliveries was
obtained from Turkish data [8,30,31]. The characteristics of each
screening test, DS-detection and false positive rates were taken
from the published literature [1,3-5,10,12]. The regular antenatal
care procedures complied with the guideline for prenatal care of
the Turkish Ministry of Health [2] were also shown in Table 1 and
the costs were assigned accordingly [33]. Since the prices of NIPT
are similar due to competition, we take the average prices of NIPT
that exist in the market.

The analysis is done from the payer’s perspective by taking into
account of SSI's reimbursement fee schedule in 2016 [33]. All costs
are expressed in purchasing power parity (PPPUS$) terms.

Results

Since NIPT has not been reimbursed currently by the SSI, we
use the market price of NIPT (1077 PPPUSS) in the base case analy-
sis. The univariate sensitivity analysis is performed with a parame-
ter that is considered to possibly influence the budget impact anal-
ysis. The results would be sensitive to the price of NIPT. In Turkey,
the cost of NIPT is more than threefold to that of AC (Table 1). On
the other hand, other country studies suggest a reverse relativity;
that is the cost of AC is much higher compared to that of NIPT,
between 1.3- and 2.5-fold [17,19,21-23]. In the sensitivity analysis,
we reduced the price of NIPT to 225 PPP US$ to obtain a similar
relativity that was observed in other countries to the cost of AC.
With a reduced NIPT price, the cost of AC is 1.5 times higher than
the cost of NIPT.

Table 2 illustrates the results of the budget impact analysis
of implementing NIPT compared to the current screening prac-
tices for both age groups. In the base case scenario when the cost
of NIPT is set at 1077 PPPUS$, for women < 35 years-of-age,
the contingent NIPT strategy adds 52,705,549 PPPUSS$, but saves
17,817,598 PPPUS$ from the costs of invasive tests and 8878 PP-
PUS$ from the costs of PRL compared to current practice, i.e. CT.
Overall, using NIPT after CT increases the total costs of screen-
ing and antenatal care for about 5% (CT: 685,967,991 PPPUS$ and
CT+NIPT: 720,875,216 PPPUS$). When the cost of NIPT is reduced
(225 PPPUSY), the government would make savings by implement-
ing NIPT and the total net savings from new strategy is found to
be 6314,063 PPPUSS. For women above the age of 35, when AC is
replaced by NIPT, this would lead to 321,165,234 PPPUS$ more cost
to the government. However, the results of the sensitivity analy-
ses show that NIPT screening would be cost saving (26,801,984 PP-
PUS$) when the price of NIPT is lower. The neutrality in cost per
woman is achieved for both strategies when the price of NIPT is
lower than its market price. For the price of NIPT is 356 PPPUS$
the cost per woman would be 618 PPPUS$ for women < 35 years-
of-age and respectively, for the price of NIPT is 360 PPPUS$ 921
PPPUS$ for women > 35 years-of-age.
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Fig. 1. Decision analytical model of incorporating NIPT in current screening practice for the two age groups.

Discussion

The new technologies can be more effective but they are usu-
ally more costly [34]. Budgetary limitations always put pressure on
governments for their utilization. The BIA is required by the third
party payers, i.e. reimbursement institutions and private health in-
surance companies in their decisions to include a new technology
in their benefit packages. Administrators of national health care
budgets, health policy makers and health services planners also
benefit from such analysis. Each entity needs clearly presented in-
formation on the fiscal impact of the implementation of the new
health technology [29].

Most of the prenatal screening tests including “combined test”,
“triple test” and NIPT (fetal DNA in maternal blood) targeted not
only trisomy-21, but also trisomy-13, trisomy-18 and sex chromo-

somes. The NIPT test may also cover some hereditary disorders.
The spectrum of screening may also be different at different NIPT
tests in terms of hereditary disorders. However, trisomy-21 is the
main target, as being the most frequent aneuploidy and it is rec-
ommended that all women should have screening for trisomy-21
[35,36]. Due to its clinical importance and prevalence NIPT has
become such a popular new technology in detecting DS cases
in prenatal screening [14-16]. According to the results of cost-
effectiveness analyses in many countries including Turkey, NIPT
can be implemented at least as a secondary test for women with
high-risk in prenatal screening [17,19-22,24-28]. But the govern-
ment needs to know how much such a strategy costs for a reim-
bursement decision [29]. Hence, this study takes the initiative to
compare NIPT with other screening strategies in Turkey in terms
of the costs involved. Nshimyumukiza assessed the budget impact
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Table 1
Model inputs, costs and sources.

Parameter Number of live births in 2016 Prevalence of DS cases (per 10,000) Source
Women < 35 1110,638 6.78 [30,31]
Women > 35 199,133 28.41 [30,31]
Screening tests DS-detection rate (%) False-positive rate (%) Source
cT 90.00 430 (5]
NIPT 99.20 0.09 [15]
AC 100.00 0.00 (6]
Probability of procedural related loss due to AC 0.11 [6]
Termination of pregnancy, DS confirmed 86 [8,31]
Rate of cesarean 53.1 [32]
Costs (PPP US$)? Baseline Source

CT 30 [33]

Ultrasound 12 [33]

NIPT 1077 225 [NIPT suppliers]
AC 338 [33]

Polyclinic visit 12 [2,33]

Vaginal delivery-no complications® 338 [33]

Cesarean delivery-no complications” 381 [33]

Pregnancy loss® 169 [33]
Termination of pregnancy® 258 [33]

Antenatal Follow-up (before prenatal tests)® 33 [2,33]
Antenatal Follow-up (after prenatal tests)® 154 [2,33]

DS: Down Syndrome; CT: First trimester combined test; NIPT: Noninvasive prenatal testing; AC: Amniocentesis.

2 Costs are expressed in PPP US$ using National Currency (TRY) per USD: 1,2,999,412 (https://stats.oecd.org/Index.aspx?
DataSetCode=SNA_TABLE4.PPPs are the currency conversion rates that are used to eliminate the price levels and cost of
living variations between countries so that the purchasing power of different currencies are equalized (http://www.oecd.
org/std/prices-ppp/purchasingpowerparities-frequentlyaskedquestionsfaqs.htm#FAQ1).

b Costs of hospital stay are included.

¢ The procedures during follow-up before prenatal screening are based on the Ministry of Health Antenatal Care Guideline
and involve the following: one doctor visit, complete blood count, urinalysis, thyroid stimulating hormone, ABO and Rh test,
ferritin level; after screening 7 doctor visits with 3 ultrasonography, 2 urinalysis, 2 complete blood count, glucose challenge
test, nonstress test and tetanus vaccine (assumed to be done for all women).

Table 2

Budget impact analysis of implementing NIPT compared to current screening practice (PPPUSS).

Current practice: Contingent Cost difference: Current practice: Contingent NIPT: Cost difference:
CT NIPT: CT+NIPT Contingent NIPT - CT CT+NIPT Contingent NIPT -
Current practice Current practice
Baseline results Lower NIPT price
Women < 35 Women < 35 years-of-age
years-of-age
Screening tests 59,310,752 112,016,301 52,705,549 59,310,752 70,795,014 11,484,262
Invasive tests 18,084,836 267,238 -17,817,598 18,084,836 267,238 -17,817,598
Pregnancy Loss 9011 133 -8,878 9,011 133 -8,878
(PRL)
Other? 608,563,393 608,591,678 28,285 608,563,393 608,591,678 28,285
Total 685,967,991 720,875,216 34,907,225 685,967,991 679,653,929 —6,314,063
Women > 35- Women > 35-years-of-age

years-of-age

Current practice:
AC

Universal NIPT

Cost difference:
NIPT - Current

Current practice:
AC

Universal NIPT

Cost difference:
Universal NIPT -

practice Current practice
Screening tests 74,402,518 216,835,009 142,432,491 74,402,518 47,247,207 —-27,155,310
Invasive tests 0 276,459 276,459 0 276,459 276,459
Pregnancy Loss 37,071 1 —37,070 37,071 1 -37,070
(PRL)
Other? 108,902,757 109,016,695 113,938 108,902,757 109,016,695 113,938
Total 183,305,275 326,165,234 142,859,958 183,342,345 156,540,362 —26,801,984

@ Other includes costs of elective termination, vaginal and cesarean delivery, antenatal follow-up.

of implementing NIPT in DS screening Programme in Quebec using
the similar approach; decision analytical model[37]. In our model,
we also included costs directly related to antenatal follow-up and
the final outcome; pregnancy termination, PRL and delivery. Hence,
our analysis also provides the total cost estimates of prenatal care
with delivery in addition to the total cost of prenatal screening
strategies of singleton pregnancies. The recent analysis assessing

the financial impact of introducing NIPT as a contingent test done
according to the Italian National Health Service perspective also
calculated the total direct costs associated with the diagnosis and
management of pregnant women, but NIPT was detecting trisomies
21, 13 and 18 [38].

Our analysis differs from these studies by taking into consid-
eration two age groups; women under 35 years and women 35
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years or older as the risk of having a child with DS increases
with women’s age and screening strategies and costs associated
with different subgroups may affect the new intervention’s bud-
get impact. The current study attempted to find the cost differ-
ence between introducing NIPT into prenatal screening for trisomy
21 and current screening strategies for these two age groups. As
a result, the budget impact analysis shows that with its current
market price, NIPT strategies have higher costs compared to the
current practice. However, some savings can be achieved owing to
a lower number of women undergoing invasive diagnostic proce-
dures. Under the condition of proposed low price of NIPT, NIPT
option comes out as the best cost-saving strategy compared to the
current screening approach. Similar findings were obtained in Que-
bec study; contingent NIPT was cost saving compared to the cur-
rent screening approach and cost-savings were reinforced if the
cost of NIPT was reduced [37]. The results are thus sensitive to
the price of NIPT, the fees paid by the SSI for AC, and the various
assumptions made with respect to the costs included and the pref-
erences in relation to prenatal tests. The analysis done in Italian
setting calculated increase in detection of trisomies by 3% through
implementing contingent NIPT which would result in cost reduc-
tions in pregnancy management arising mainly from due to lower
number of invasive tests performed and decreased complications
accordingly at the current NIPT price in the market [38].

Our study has some limitations. First we assumed that all
women complied to undergo prenatal tests and had similar pref-
erences. There is no published study in relation to women'’s pref-
erences to prenatal screenings, especially women’s attitude after a
definitive DS diagnosis. Such studies are difficult to perform due to
social values and religious reasons as well as ethical concerns in
Turkey. Since we do not have this information, we had to assume
that all pregnant women would undergo prenatal screening. In our
decision-analytical model, we only take the PRL due to AC into ac-
count and assumed no other complications such as chorioamnioni-
tis, leakage of amniotic fluid, fetal needle injury and cell culture
failure. In addition, we also assumed the same follow-up proce-
dures for low and high-risk pregnancies.

Since we aimed to calculate costs to the government, we in-
cluded only direct costs of screening tests, costs related to PRL,
elective termination of pregnancies, delivery, and antenatal care,
although there are other costs involved. For example, the lifetime
costs of DS live-births are also important from an individual and
a societal point of view, and in a longer time period, some of
them would accrue to the government [39]. The quality of life of
women and families should also be considered in providing bet-
ter healthcare within budgetary limitations [34]. Future research
should address the valuation of quality of life as well as other
ethical and legal issues in prenatal screening and women'’s prefer-
ences, attitudes and perceptions to prenatal screening. In addition,
the costs and clinical outcomes for inclusion of detecting other
chromosomal abnormalities should also be considered in economic
evaluations.

In Turkey, obstetricians tend to offer AC for all pregnant women
older than 35 years old to avoid legal consequences in case of
adverse outcomes. Having highly accurate non-invasive prenatal
screening test such as NIPT with a lower cost is therefore should
be of interest for the government in Turkey. Despite its limita-
tions we aimed to present the short-term outcomes of prenatal
screening strategies so that the policy makers are informed in a
transparent way about the possible consequences of introducing
NIPT. The findings will enable the Social Security Institution to as-
sess the financial impact of introducing NIPT into prenatal screen-
ing strategies to the government budget. Our analysis can also be
used for budgetary allocations, and also provides input for bet-
ter management of antenatal care programmes for the Ministry of
Health.

CRediT authorship contribution statement

Zeynep Guldem Okem: Writing - original draft. Gokcen Orgul:
Formal analysis, Data curation, Writing - review & editing.
Berna Tari Kasnakoglu: Writing - review & editing. Mehmet
Cakar: Formal analysis. Mehmet Sinan Beksac: Writing - review
& editing.

Author Statements

Funding: None.
Competing interests: None declared.

Ethical approval: Not required.

References

[1] Rink BD, Norton ME, editors. Screening for fetal aneuploidy. Seminars in peri-
natology. Elsevier; 2016.

[2] TC Saglik Bakanlgi, Turkish Public Health Instutition. Department of women’s

reproductive health). Dogum Oncesi bakim yonetim rehberi (Antenatal

care management guideline), Ankara: Saghk Bakanlgi; 2014. Baskanlig

THSKKvUSD.

Park SY, Jang I, Lee MA, Kim Y], Chun SH, Park MH. Screening for chromosomal

abnormalities using combined test in the first trimester of pregnancy. Obstet

Gynecol Sci 2016;59(5):357-66.

Cheng EY, Luthy DA, Zebelman AM, Williams MA, Lieppman RE, Hickok DE. A

prospective evaluation of a second-trimester screening test for fetal Down syn-

drome using maternal serum alpha-fetoprotein, hCG, and unconjugated estriol.

Obstet Gynecol 1993;81(1):72-7.

Nicolaides K, Wright D, Poon L, Syngelaki A, Gil M. First-trimester contingent

screening for trisomy 21 by biomarkers and maternal blood cell-free DNA test-

ing. Ultrasound Obstet Gynecol 2013;42(1):41-50.

[6] Akolekar R, Beta ], Picciarelli G, Ogilvie C, d’Antonio F. Procedure-related risk of
miscarriage following amniocentesis and chorionic villus sampling: a system-
atic review and meta-analysis. Ultrasound Obstet Gynecol 2015;45(1):16-26.

[7] Tanacan A, Aydin E, Cakar AN, Cagan M, Goksuluk D, Beksag MS. The effect of
prenatal invasive tests on neonatal birthweight. Gynecol Obstet Reprod Med
2016;21(3):127-9.

[8] Gokcen O, Mehmet D, Emine A, Mehmet A, Sinan BM. An overview of prenatal
screening/diagnosis programs for Down syndrome in Turkey. Int ] Hum Genet
2016;16(1-2):29-34.

[9] Wilson RD. Amniocentesis and chorionic villus sampling. Curr Opin Obstet Gyn
2000;12(2):81-6.

[10] Haddow JE, Palomaki GE, Knight GJ, Williams ], Pulkkinen A, Canick JA,
et al. Prenatal screening for Down’s syndrome with use of maternal serum
markers. N Eng ] Med 1992;327(9):588-93.

[11] Mujezinovic F, Alfirevic Z. Procedure-related complications of amniocente-
sis and chorionic villous sampling: a systematic review. Obstet Gynecol
2007;110(3):687-94.

[12] Wulff CB, Gerds TA, Rode L, Ekelund CK, Petersen OB, Tabor A, et al. Risk of
fetal loss associated with invasive testing following combined first-trimester
screening for Down syndrome: a national cohort of 147 987 singleton preg-
nancies. Ultrasound Obstet Gynecol 2016;47(1):38-44.

[13] Coskun A, Arikan DC, Kiran G, Giiven MA, Kostii B, Ceylaner S. Retro-
spective evaluation of amniocentesis cases. Gynecol Obstet Reprod Med
2009;15(1):12-16.

[14] Norton ME, Brar H, Weiss ], Karimi A, Laurent LC, Caughey AB, et al. Non-Inva-
sive chromosomal evaluation (NICE) study: results of a multicenter prospective
cohort study for detection of fetal trisomy 21 and trisomy 18. Am ] Obstet Gy-
necol 2012;207(2):137 el-. e8.

[15] Gil M, Quezada M, Revello R, Akolekar R, Nicolaides K. Analysis of cell-free
DNA in maternal blood in screening for fetal aneuploidies: updated meta-anal-
ysis. Ultrasound Obstet Gynecol 2015;45(3):249-66.

[16] Susman MR, Amor DJ, Muggli E, Jaques AM, Halliday ]J. Using population-based
data to predict the impact of introducing noninvasive prenatal diagnosis for
Down syndrome. Genet Med 2010;12(5):298-303.

[17] O’leary P, Maxwell S, Murch A, Hendrie D. Prenatal screening for Down syn-
drome in Australia: costs and benefits of current and novel screening strate-
gies. Aust N Z ] Obstet Gynaecol 2013;53(5):425-33.

[18] Garfield SS, Armstrong SO. Clinical and cost consequences of incorporating
a novel non-invasive prenatal test into the diagnostic pathway for fetal tri-
somies. | Manag Care Med 2012;15(2).

[19] Song K, Musci TJ, Caughey AB. Clinical utility and cost of non-invasive prenatal
testing with cfDNA analysis in high-risk women based on a US population. ]
Matern Fetal Neonatal Med 2013;26(12):1180-5.

[20] Beulen L, Grutters JP, Faas BH, Feenstra I, van Vugt JM, Bekker MN. The con-
sequences of implementing non-invasive prenatal testing in Dutch national
health care: a cost-effectiveness analysis. Eur ] Obstet Gynecol Reprod Biol
2014;182:53-61.

3

[4

(5


http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0001
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0002
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0003
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0004
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0005
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0005
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0005
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0005
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0005
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0005
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0006
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0006
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0006
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0006
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0006
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0006
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0007
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0008
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0008
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0008
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0008
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0008
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0008
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0009
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0009
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0010
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0011
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0011
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0011
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0012
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0013
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0014
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0015
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0015
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0015
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0015
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0015
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0015
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0016
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0016
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0016
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0016
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0016
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0016
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0017
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0017
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0017
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0017
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0017
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0018
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0018
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0018
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0019
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0019
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0019
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0019
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0020

Z.G. Okem, G. Orgul and B.T. Kasnakoglu et al./Health Policy and Technology 8 (2019) 402-407 407

[21] Cuckle H, Benn P, Pergament E. Maternal cfDNA screening for Down syn-
drome-a cost sensitivity analysis. Prenat Diagn 2013;33(7):636-42.

[22] Ayres AC, Whitty JA, Ellwood DA. A cost-effectiveness analysis comparing dif-
ferent strategies to implement noninvasive prenatal testing into a Down syn-
drome screening program. Aust N Z ] Obstet Gynaecol 2014;54(5):412-17.

[23] Walker BS, Jackson BR, LaGrave D, Ashwood ER, Schmidt RL. A cost-effective-
ness analysis of cell free DNA as a replacement for serum screening for Down
syndrome. Prenat Diagn 2015;35(5):440-6.

[24] Morris S, Karlsen S, Chung N, Hill M, Chitty LS. Model-based analysis of costs
and outcomes of non-invasive prenatal testing for Down’s syndrome using cell
free fetal DNA in the UK National Health Service. PLoS ONE 2014;9(4):e93559.

[25] Gyselaers W, Hulstaert F, Neyt M. Contingent non-invasive prenatal testing:
an opportunity to improve non-genetic aspects of fetal aneuploidy screening.
Prenat Diagn 2015;35(13):1347-52.

[26] Nshimyumukiza L, Beaumont J-A, Duplantie ], Langlois S, Little J, Audibert F,
et al. Cell-Free DNA-Based non-invasive prenatal screening for common aneu-
ploidies in a canadian province: a cost-effectiveness analysis. ] Obstet Gynaecol
Can 2018;40(1):48-60.

[27] Okem ZG, Orgiil G, Kasnakoglu BT, Cakar M, Beksa¢ MS. Economic analysis of
prenatal screening strategies for Down syndrome in singleton pregnancies in
Turkey. Eur ] Obstet Gynecol Reprod Biol 2017;219:40-4.

[28] Nshimyumukiza L, Menon S, Hina H, Rousseau F, Reinharz D. Cell-free DNA
noninvasive prenatal screening for aneuploidy versus conventional screening:
a systematic review of economic evaluations. Clin Genet 2018;94(1):3-21.

[29] Sullivan SD, Mauskopf JA, Augustovski F, Caro ]J, Lee KM, Minchin M,
et al. Budget impact analysis—principles of good practice: report of the IS-
POR 2012 Budget Impact Analysis Good Practice Il Task Force. Value Health
2014;17(1):5-14.

[30] The Turkey Statistical Institute -TSI, TUIK Health Statistics News Bulletin (TUIK,
Dogum Istatistikleri, Haber Biilteni), 2016 [Available from: http://www.tuik.
gov.tr/PreHaberBultenleri.do?id=21514.

[31] Karaoguz M]J, Bal E, Ergun M, Balci A. Materials; incidence of abnormal kary-
otypes in the Turkish collaborative study. Genet Couns 2006;17(2):219-30.

[32] Ministry of Health of Turkey. Ministry of Health of Turkey. Health statistics
yearbook; 2017. Publication no:2017.

[33] Social Security Institution (SSI) Tariff, Annex-2B List of Scores for Fee for Ser-
vice. 2015.

[34] Baltussen R.M., Adam T., Tan-Torres Edejer T., Hutubessy R.C., Acharya A., Evans
D.B., et al. Making Choices in Health: Who Guide to Cost-Effectiveness Analy-
sis. 2003.

[35] Obstetricians ACo Gynecologists. ACOG practice bulletin no. 88, de-
cember 2007. Invasive prenatal testing for aneuploidy. Obstet Gynecol
2007;110(6):1459.

[36] Zhang H, Gao Y, Jiang F, Fu M, Yuan Y, Guo Y, et al. Non-invasive prenatal test-
ing for trisomies 21, 18 and 13: clinical experience from 146 958 pregnancies.
Ultrasound Obstet Gynecol 2015;45(5):530-8.

[37] Nshimyumukiza L. Cell-free DNA-based noninvasive prenatal screening for
Down syndrome in the Quebec healthcare system: health economic aspects.
2017.

[38] Prefumo F, Paolini D, Speranza G, Palmisano M, Dionisi M, Camurri L. The con-
tingent use of cell-free fetal DNA for prenatal screening of trisomies 21, 18, 13
in pregnant women within a national health service: a budget impact analysis.
PLoS ONE 2019;14(6):e0218166.

[39] Biggio JR Jr, Morris TC, Owen ], Stringer ]JS. An outcomes analysis of five pre-
natal screening strategies for trisomy 21 in women younger than 35 years. Am
] Obstet Gynecol 2004;190(3):721-9.


http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0021
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0021
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0021
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0021
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0022
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0022
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0022
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0022
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0023
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0023
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0023
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0023
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0023
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0023
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0024
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0024
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0024
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0024
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0024
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0024
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0025
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0025
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0025
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0025
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0026
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0027
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0027
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0027
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0027
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0027
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0027
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0028
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0028
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0028
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0028
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0028
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0028
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0029
http://www.tuik.gov.tr/PreHaberBultenleri.do?id=21514
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0030
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0030
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0030
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0030
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0030
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0031
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0032
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0033
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0034
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0035
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0035
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0035
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0035
http://refhub.elsevier.com/S2211-8837(19)30063-2/sbref0035

	Budget impact of incorporating non-invasive prenatal testing in prenatal screening for Down syndrome in Turkey
	Introduction
	Materials and method
	Results
	Discussion
	CRediT authorship contribution statement
	Author Statements
	References


