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Abstract
In the trends of increasing advanced maternal age (AMA) and decreasing cost of Noninvasive Prenatal
Testing (NIPT), we investigated the bene�ts and cost effectiveness of NIPT as primary or contingent
strategies for trisomy 21 (T21). A theoretical model involving 1,000,000 single pregnancies was
established. We presented �ve screening scenarios, primary NIPT (Strategy 1), contingent NIPT after
traditional triple serum screening higher than 1/300 or 1/1000 (Strategy 2-1 or Strategy 2-2) and age-
based (Strategy 3). Strategy 3 was strati�ed, in which 1) for advanced maternal age (AMA) of 40 and
more, prenatal diagnosis was offered, 2) for AMA of 35 to 39, NIPT was introduced, 3) if younger than 35,
contingent strategy with screening risk higher than 1:300 (Strategy 3-1) or 1:1000 (Strategy 3-2) will be
offered NIPT. Parameters were referred to publications or on-site veri�cation. The primary outcome was
incremental cost analysis for each strategy on baseline and alterative assumptions, which take aging
society, reducing cost of NIPT and compliance into consideration. The second outcomes were total cost,
cost-effect and cost-bene�t analysis. If the incremental cost was less than 0.215 million US$, which was
cost for raising one T21 child, or the bene�t-to-cost ratio over 1, then the strategy was de�ned as “cost-
effective”. The anticipated prenatal diagnosis was signi�cantly reduced in Strategy 1 and 2, most notably
in Strategy 2-1. For the incremental costs, strategy 2-1 was set as baseline. All other strategy costed more
than raising one T21 except 3-1. In sensitivity analysis, strategy 1 costed the least when NIPT was lower
than 47 US$. If NIPT less than 131 US$, the incremental cost of any strategy was less than 0.215 million
US$. When the proportion of AMA accounted for more than 15% and 20% of population, incremental
costs of strategy 3-1 and 3-2 were cost effective. In conclusion, contingent NIPT after traditional triple
serum screening (risk higher than 1/300) was optimal in total cost (130 million US$), cost-effect (33.4
thousand US$) and cost-bene�t (ratio=4.90) analysis of the model. Age-based strategy was optimal as
AMA proportion and NIPT acceptance increased. The primary NIPT was most effective for certain price.

Background
Trisomy 21 (T21) is the most frequent aneuploidy occurred at birth1. It is associated with developmental
and neurocognitive delay 2. T21 related testing in routine prenatal care is available worldwide3,4. To avoid
the invasive procedure-related miscarriage, diagnostic testing through chorionic villus sampling (CVS),
amniocentesis and cordocentesis is con�ned to certain high-risk population5. Traditional triple serum
screening (AFP, β-hCG and uE3) in mid-trimester is most frequently adopted in China6, accounting for 40%
of the registration. As an important supplementary for those missing the window period for NT
measurements in the �rst trimester antenatal care, the detection rate (DR) varies between 60%-93% if
�xing false positive rate (FPR) of 3%7.

Since 2011, noninvasive prenatal testing (NIPT), based on cell-free DNA derived from placental
trophoblast cells into maternal circulation, has been applied to clinical practice as new screening
method8 − 10. Overall, the clinical validation for T21 presented to be optimal with high DR (96–100%) and
low FPR (0-0.2%)11−13. The implementation of NIPT reduced unnecessary prenatal diagnosis and
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concomitant procedure related fetal loss, although prenatal diagnosis could detect many other genetic
abnormalities14. From the perspective of public health, controversies on how to introduce NIPT into
clinics have yet to be solved till now.

International society for prenatal diagnosis (ISPD)7 and American College of Medical Genetics and
Genomics (ACMG)15 suggested that NIPT could be used as �rst-tier screening test in general population.
One Chinese study involving 31515 pregnancies further supports NIPT as primary strategy in terms of its
accurate and reliable capacity16. International Society of Ultrasound in Obstetrics and Gynecology
(ISUOG)17 recommended the contingent NIPT strategy until NIPT costs decreased. ISPD also suggested
that contingent NIPT can be applied based on local situation. In 2016, Chinese recommendation18

a�rmed the contingent NIPT strategy, in which NIPT is suitable for pregnancies with intermediate risk
(1/1000). In 2018, Chinese guideline for preconception care and prenatal care19 put forward the
contingent NIPT strategy with age-strati�cation. It suggested that primary NIPT could be offered to
pregnancies with maternal age of 35 ~ 39, and the direct prenatal diagnosis should be offered to those
with age 40 and more. Given the trends of delayed reproductive age and falling in NIPT cost, current
strategy is in controversary and varies in application.

Cost-effectiveness analysis is essential for the evaluation of different strategies in the perspective of
public health. Comparing with primary NIPT, the implementation among “high risk” populations is more
cost-effective20 − 24. Considering the high positive predictive value (PPV) among AMA, there are some
evidences on advantage of strategy with age strati�cation. One study preformed in Turkey sub-grouping
pregnancies into AMA (35 year) and others, and found that in either group, the primary NIPT was less
costly25. Setting “primary NIPT” as baseline, Evans’ study24 from US compared age-based strategy with
contingent NIPT among general populations. They concluded that the contingent NIPT with risk cut-off as
1/1000, other than 1/300 was cost-effective in cost-effect and incremental cost analysis. Ayres AC
et.al.23 con�rmed that age-based strategy (de�ned AMA as 40 or 35) was dominant in incremental cost
when setting “combined �rst trimester screening” as baseline. In general, the pre-classi�cation based on
maternal age should be considered, especially in an aging society. For instance, with the “second child
policy” applied in China, the AMA population has been increasing26.

In the context of rapid public health coverage of NIPT, the application became heterogeneous from
countries to regions. The most e�cient and affordable way for NIPT implementation needs to be
explored27. We adopted NIPT primary, contingent and age-based strategies in one theoretical model for
cost effective analysis. The risk cut-off was set as 1/300 and 1/1000 in the contingent strategy. In age-
based strategy, AMA was subdivided into over 40 or between 35–39. The costly performance was further
veri�ed with sensitivity analysis, in accordance with trends of increasing advanced maternal age (AMA)
and decreasing cost of NIPT.

Methods
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Simulation model
This study was exempted from ethics committee approval for the pure theoretical model involving
1,000,000 single pregnancies in China.

We presented �ve screening scenarios (Fig. 1). Primary NIPT (Strategy 1), contingent NIPT after
traditional triple serum screening higher than 1/300 or 1/1000 (Strategy 2 − 1 or Strategy 2–2) and age-
based (Strategy 3). Strategy 3 was strati�ed based on maternal age, in which 1) AMA of 40 and more,
prenatal diagnosis was offered, 2) for AMA of 35 to 39, NIPT was introduced, 3) if younger than 35,
contingent strategy with risk higher than 1:300 (Strategy 3 − 1) or 1:1000 (Strategy 3 − 2) will be offered.

The primary outcome was incremental cost analysis for each strategy on baseline and alterative
assumptions, which took following factors into consideration, aging society, reducing cost of NIPT and
compliance. The second outcomes were the comparisons among �ve strategies on total cost, cost-effect
and cost-bene�t analysis28.

Model parameters
The related parameters were set after thorough review of related publications or on-site veri�cation. The
proportion of pregnancies younger than 35, aged for 35–39 and over 40 accounted for 85%, 13% and 2%
respectively24,29. The total livebirth incidence of T21 was 1/56524. The rate of each age subgroup was
recalculated29,30. The T21 incidence in the second trimester was determined by dividing the liveborn
incidence rate by 0.7624,31. The sensitivity (Sen) of traditional triple screening was set following the
SURUSS study32, characterized by 83% in high risk population with 1/300 and 95% with 1/1000. The Sen
and FPR of NIPT was 99.3% and 0.2%, which was moderate based on previous studies33 − 35. The
procedure related miscarriage was 0.35%36.

Cost parameters varied based on local administrative department. Counseling costs varied between 8 and
42 US$, and 14 US$ on average was adopted. Prices for traditional screening varied between 28 and 71
US$, and 35 US$ was adopted for triple serum screening. NIPT price was 325 US$. Costs for prenatal
diagnosis varied between 127 and 247 US$, and 212 US$ was adopted for amniocentesis and karyotype
analysis. The cost associated with miscarriage or pregnancy termination varied between 353 and 636
US$ and was estimated to be 424 US$ on average.

Cost for missed cases was determined by integrating published articles37,38, nationwide and regional
parameters, such as consumer price index (CPI) and gross domestic products (GDP). The cost was set as
0.215 million US$. It mainly consisted of direct and indirect economic burdens. The former included
medical cost (such as costs for surgery, inpatient and recovery), related medical cost (such as
transportation fees) and developmental service support (such as speci�c education). The latter mainly
referred to the economic damage caused by patients due to labor loss, and by parents for accompany.

The parameter calculation
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The total costs were calculated from social prospective39. It included medical costs (prenatal clinical and
laboratory costs) and postnatal costs for missed cases.

Cost-effectiveness analyses were calculated in terms of public health to focus on the “sensitivity” of each
strategy. The cost-effect and incremental cost analysis were de�ned as costs for detecting one T21
livebirth and for one additional T21 livebirth respectively. The cost-bene�t analysis was quanti�ed using
“bene�t-to-cost” ratio. If the incremental cost was less than 0.215 million US$, which was cost for raising
one T21 child, or the bene�t-to-cost ratio over 1, then the strategy was de�ned as “cost-effective”.

For safety analysis, it was de�ned as the number of patients undergoing prenatal diagnosis for detecting
one T21.

Assumptions
Several assumptions were made to establish a complete model and estimate costs before sensitivity
analysis.

1. Following each scenario requirement, all pregnant women accepted NIPT and consecutive prenatal
diagnosis if needed.

2. All T21 detected from invasive would be performed termination of pregnancy.

3. The procedure related miscarriages were not calculated as true positive cases.

4. DR and FPR of NIPT were the same in general population regardless of cut-off risks40.

Sensitivity analysis
A sensitivity analysis was performed in which various assumptions in the model was adjusted and to
�gure out the most important parameters in�uencing decisions. We mainly focused on incremental cost
analysis given that it could re�ect “effect” via comparisons among different scenarios, and re�ect
“bene�t” comparing to 0.215 million US$.

The adjustments were as the following. First, women younger than 35 varied between 70%-90% under the
premise of women over 40 unchanged, which was in accordance with age proportion characteristics
nowadays. Second, NIPT price varied between 0 and 325 US$. Third, 30–90% pregnant women with high
risk after serum screening would accept NIPT6,41. Fourth, 90% pregnant women with positive screening
results would accept prenatal diagnosis, based on national guidelines and rate observed18 (Table 1).
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Table 1
Base and alternative values used in this study

Variable Baseline Alternative parameters

< 35 85% 70–90%*

35y-39 13% 28%-8%*

≧ 40 2% 2%

NIPT (US$) 325 0-325#

Accepted NIPT test 100% 30–100%*

Accepted invasive test 100% 90–100%*

* Interval analysis: The alternative parameters were analyzed at speci�c points with 5% or 10%
interval.

# Continuous analysis: The alternative NIPT cost was analyzed at each point continuously.

Results

Baseline analysis
The performance of each strategy was shown in Table 2. The number of true positive cases were similar
among three strategies. NIPT primary strategy 1 detected 2315 true T21 with 12 missed cases. Followed
by strategy 3 − 2 (2276). Overall, strategy 2 − 1 detected the least with 312 missed cases.
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Table 2
The performance and accuracy of different strategies.

Parameter Strategy
1

Strategy 2 
− 1

Strategy
2–2

Strategy 3 
− 1

Strategy 3 
− 2

Sensitivity 99.3% 83% 95% -

False Positive Rate 0.2% 8% 26% -

         

High-risk population - 81749 261608 68817 221752

True Positive Cases (T21
incidence)

         

Total (1/429) 2315 1921 2199 2146 2276

< 35 (1/780) - - - 898 1028

35–39 (1/201) - - - 642 642

≧ 40 (1/33) - - - 606 606

Missed cases of T21 12 312 100 150 50

Prenatal Diagnosis          

Total 4310 2081 2718 21935 22370

< 35 - - - 1034 1469

35–39 - - - 901 901

≧ 40 - - - 20000 20000

Safety analysis 1.9 1.1 1.2 10.2 9.8

The main differences were the anticipated number of invasive tests, which was signi�cantly reduced with
NIPT implementation. For example, there were 4310 cases performing prenatal diagnosis in strategy 1.
The most anticipated invasive number was in strategy 3 − 2 (22370). Compared to this, it was reduced by
17,625 and 18,060 in strategy 1, and further reduced by 2,229 and 1,592 in strategy 2 − 1 and 2–2.

In safety analysis, the indicator was appropriate 1 in contingent strategy 2 − 1 and 2–2, lower than NIPT
primary strategy 1 with 1.9 and age-based strategy 3 − 1 and 3 − 2 with around 10. Hence, the safer of the
strategy, the less iatrogenic miscarriages existed.

Cost analysis
Considering total cost to the society, strategy 1 needed most (330 million US$), in which medical costs
accounted for appropriately 99% and the remaining 1% were for missed viable cases. Total costs were
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least with 130 or 148 million US$ in the strategy 2 − 1 and 2–2. Comparing to 2–2, the 2 − 1 saved 62 and
18 million US$ in medical costs and total costs respectively. Cost-effect analysis also demonstrated that
strategy 1 costed most with 141 thousand US$ while strategy 2 − 1 only needed 33.4 thousand US$
(Fig. 2).

In cost-bene�t analysis, the bene�t-to-cost ratio in strategy 1 was least as 1.16. The highest cost-bene�t
ratio of 4.90 and 2.85 were presented in Strategy 2 − 1 and 2–2, while strategy 3 presented a moderate
level of 3.44 and 2.37.

As strategy 2 − 1 avoided the most invasive tests with the best performance in total cost, cost-effect and
cost-bene�t analysis, it was set as the baseline for incremental costs and further comparations. For T21
detection, strategy 1 needed the most incremental costs (0.67 million US$), followed by strategy 3 − 2
(0.25 million US$) and strategy 2–2 (0.22 million US$), which were all less superior than strategy 2 − 1.
While strategy 3 − 1 needed 0.165 million US$, with best performance for the primary outcome (Table 3).
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Table 3
The incremental cost analysis of corresponding strategies on baseline and alternative assumptions

compared with strategy 2 − 1.

Sensitivity analysis
(Million US$)

Strategy
1

Strategy
2 − 1

Strategy
2–2

Strategy 3 
− 1

Strategy 3 
− 2

Baseline 0.67:1 -- 0.223:1 0.165:1* 0.25:1

Age composition ratio range (< 
35/35–39)

         

70/28% 0.67 -- 0.223 0.09* 0.13

75/23% -- 0.1* 0.15

80/18% -- 0.12* 0.18

85/13% -- 0.165* 0.25

90/8% --* 0.76 0.47

NIPT acceptance range          

30% 0.67:1 -- 0.169:1* -0.08:1 -0.39:1

40% 0.67:1 -- 0.175:1* -0.11:1 -0.74:1

50% 0.67:1 -- 0.18:1* -0.165:1 -3.52:1

60% 0.67:1 -- 0.19:1* -0.31:1 1.45:1

70% 0.66:1 -- 0.199:1* -1.58:1 0.63:1

80% 0.66:1 -- 0.206:1* 0.57:1 0.41:1

90% 0.66:1 -- 0.21:1* 0.25:1 0.31:1

PD acceptance with 90% 0.67:1 -- 0.22:1 0.165:1* 0.25:1

Note: * The “appropriate” scenario in which incremental costs are least or lower than costs for raising
one viable T21 (0.215 million US$).

Sensitivity analysis
In general, strategy 1 remained as the most incremental costs regardless of age proportion (Table 3). If
the age proportion for women over 40, between 35–39 and younger than 35 accounted for 2%, 8% and
90%, incremental costs of all other scenarios were more than 0.215 million US$, and strategy 2 − 1 was
most cost-effective. When the proportion of pregnancies older than 35 increased and reached to 15%,
strategy 3 − 1 needed 0.165 million US$, while others still needed more than 0.215 million US$. If the older
proportion was further decreased, such as 20%, the incremental costs of strategy 3 − 1 and 3 − 2 were
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decreased to 0.12 and 0.18 million US$. The pattern showed the advantages of age-based strategy as the
AMA increased.

As shown in Fig. 3, When NIPT price was lower than 317, 278 or 131 US$ respectively, strategy 2–2, 3 − 2
and 1 were superior to 2 − 1 and considered as “appropriate”. Strategy 3 − 1 was most cost-effective with
NIPT price higher than 47 US$. If NIPT price was lower than 47 or 39 US$, primary NIPT strategy detected
most cases with least incremental cost or at a saving cost, and could be recommended as optimal.

If the rates for accepting NIPT varied between 30% and 90%, the incremental costs ranged between 0.169
and 0.21 million US$, making strategy 2–2 the most cost-effective strategy. If 100% pregnancies would
accept NIPT, the incremental cost of strategy 2–2 was 0.22 million US$, which was higher than raising
one viable T21 (Table 3).

If rates for accepting prenatal diagnosis was adjusted to 90%, the incremental costs of each strategy
increased little without any impact on determination (Table 3).

Discussion
In our study, we found that NIPT primary to general population could ful�ll e�cient screening for T21 but
more costly. Contingent NIPT with risk threshold as 1/300 (strategy 2 − 1) could effectively reduce
unnecessary invasive testing, with best performance in total cost, cost effect and bene�t analysis. Setting
strategy 2 − 1 as the baseline, current Chinese age-strati�ed contingent NIPT (strategy 3 − 1) detected one
additional case with least incremental cost, which was also less than the costs needed to raise one viable
T21. Taking the aging society for sensitivity analysis, strategy 3 − 1 was optimal with increasing
proportion of AMA, and vice versa. The primary NIPT demonstrated its screening accuracy among all the
scenarios as the most cost effectiveness option when the price dropped to 47 US$.

Overall, our study proposed the advantages of contingent NIPT in “high risk” population in total costs and
cost-effect analysis, which was consistent with previous studies21 − 24. Prenatal diagnosis has been
directly provided to AMA. T21 incidence in AMA was similar to those identi�ed by serum screening
among general populations40,42, which provide rational evidences to provide direct invasive tests for AMA,
and therefore we speci�cally considered the in�uence of aging society in sensitivity analysis. The
advantage of age-based strategy was more prominent when AMA increased. The reverse was also true.
Strategy 3 − 1 remained to be the best option if the reproductive age delayed, with pregnancies younger
than 35 less than 85%.

In current study, the appropriate threshold for contingent strategy was different from Evans et al study24

although both studies shared similar design on age proportion and NIPT acceptance in total cost and
cost effect analysis. In fact, both studies found that contingent strategy with 1/300 was optimal without
taking costs for raising T21 into consideration. In incremental cost analysis, the underlying explanation
could relate to the NIPT price, which was relative higher in our system, along with the increased cases
adopting NIPT when lower the cut-off to 1/1000. When NIPT acceptance changed, the incremental cost
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tendency was opposite in age-strati�ed and contingent strategy. The inconsistence also veri�ed the key
in�uence of NIPT price on decision of strategy implementation, that is the advantages of age-based
strategy was dominant if NIPT price increased.

When sequencing is affordable, primary NIPT has been launched as the optimal choice with wide
application in some countries and regions27. In sensitive analysis of our model, the tendency of
incremental cost changed the most in primary NIPT. With decreasing NIPT cost43, primary NIPT becomes
costly and dominant. Meanwhile, in other scenarios, the incremental costs changed less due to the costs
for testing or miscarriage were far below to make the in�uence.

Current study provide evidence from public health perspective on how to introduce NIPT into clinics.
Using parameters of real world, the proposed strategy veri�ed the current guideline. We raised two key
factors in�uencing the policy making, which should be taken into consideration periodically in the context
of aging and NIPT price reduction. There were several strengthens. The widely used clinical indications
for NIPT were AMA and high risk identi�ed by serum screening44, hence both contingent and age-
strati�ed strategies were involved in design. Taking 1/300 and 1/1000 into consideration enabled us to
identify the more appropriate risk level for NIPT. For areas with different NIPT prices, the sensitive
analysis of tendency for incremental costs enable us to cover real-world situations in different regions to
�gure out the turning point.

There were several limitations for the theoretical model. First, this is a theoretical model. Although the
associated publications had been integrated to determine the parameters, with further analysis through
sensitivity analysis, the conclusion could be augured on the actual costs, the demographics of the
population, the degree of utilization, or all other real-life factors. Second, the value of primary NIPT should
extend to other genetic anomalies including the copy number variations14,45. At present, NIPT cannot
replace the prenatal diagnosis (CVS or amniocentesis) given the accuracy and wide detectable spectrum
with the development of next generation sequencing (NGS)46. The importance of prenatal diagnosis has
been emphasized by professional guidelines worldwide, and offered as an option for general
pregnancies. T21 detection was the priority in this model. The consideration was that the primary
indication of prenatal diagnosis has been the advanced maternal age (AMA) in the context of delayed
reproductive age. Third, the model didn’t take religious and cultural factors into consideration. Fourth, due
to absence of social investigation, the study focused on public health perspective other than views from
all stakeholder. Last, we didn’t calculate quality adjusted life years (QALY), which is standard and
desirable indicator in cost-utility analysis47. The controversial and area-speci�c judgement of parental
preferences in prenatal diagnosis48 was the main concern. Some possible collateral effects such as work
absence was negligible and we didn’t include it in our analysis.

Conclusions
NIPT has higher accuracy for prenatal assessment of fetal anomaly especially for T21, which represents
the advanced technology in prenatal screening49. According to cost-effectiveness analysis, NIPT was
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more appropriate among high risk population, either with positive serum screening or AMA. Brie�y,
contingent strategy with 1:300 (Strategy 2 − 1) was most cost-effective in total cost, cost effect and cost-
bene�t analysis. Age-based strategy was optimal in incremental cost analysis, and became more
appropriate as AMA or NIPT acceptance increased. The clinical bene�ts of primary NIPT became more
meaningful on the premise of achieving cost savings at an appropriate unit cost50,51.
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Figure 1

Conceptional framework of three strategies for implementing noninvasive prenatal testing (NIPT)
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Figure 2

Total costs and cost-effect analysis of different strategies
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Figure 3

The incremental cost analysis for NIPT price setting strategy 2-1 as baseline.


