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The offer of multiple-marker screening for aneu-
ploidy became part of routine prenatal care in 
Ontario in the early 1990s.1 By combining maternal 

serum biochemical markers with, in most instances, an ultra-
sonography marker of fetal nuchal translucency, measured 
between 11 and 13  weeks’ gestation, multiple-marker 
screening estimates a pregnant woman’s chance of having a 
fetus affected by a common type of aneuploidy. Several vari-
ations of multiple-marker screening tests have been used 
worldwide. Until recently, the most commonly employed 
tests in Ontario have been the integrated prenatal screen 
(nuchal translucency plus serum markers measured in the 
first and second trimesters) and the first-trimester screen 
(nuchal translucency plus first-trimester serum markers). 
Recently, the most common test in Ontario has shifted to 
the “enhanced” first-trimester screen, a variation of first-
trimester testing with additional biochemical markers. The 
enhanced first-semester screen provides almost the same 

screening performance as the integrated prenatal screen but 
is completed by 14  weeks’ gestation.2–4 Although multiple-
marker screening is routinely offered to all pregnant women 
in Ontario, around 67% of pregnant women were noted to 
have undergone prenatal screening between 2009 and 2010.5 
There has been substantial variation in the overall uptake 
rate across the province, as well as variation in the multiple-
marker screening test performed.6 Cell-free fetal DNA 
(cffDNA) screening, which became available in Ontario on a 
private-pay basis in late 2012, is based on sequencing of 
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Background: In 2014, Ontario augmented its publicly funded multiple-marker screening program for prenatal aneuploidy by incorpo-
rating cell-free fetal DNA (cffDNA) analysis for high-risk pregnancies. We assessed trends in the use of multiple-marker screening, 
cffDNA screening and prenatal diagnostic testing before and after implementation of public funding.

Methods: We conducted a descriptive study based on data from the Better Outcomes Registry & Network (BORN) Ontario. The 
study population included all pregnant women in Ontario with a singleton pregnancy and an expected date of delivery between 
July 1, 2012, and Mar. 31, 2016, with pregnancy data captured in BORN. Pregnancy losses and terminations before 20 weeks’ ges-
tation not captured in BORN were excluded. We generated descriptive statistics to show trends and regional variations in use.

Results: The study sample included 534 210  singleton pregnancies. After cffDNA screening was funded for specific indications, 
uptake of multiple-marker screening increased slightly, from 66.5% to 68.1% (p < 0.001). Uptake of cffDNA screening among women 
with a positive multiple-marker screening result increased substantially, from 3.2% to 48.8% (p < 0.001). In contrast, the rate of pre-
natal diagnostic testing in this group decreased from 54.8% to 30.8% (p < 0.001). Although women aged 40 years or older are eligi-
ble for primary cffDNA screening, only a small decrease in the use of multiple-marker screening was observed in this group. The 
greatest use of cffDNA screening and greatest decline in prenatal diagnostic testing were seen in women with a level of risk for tri-
somy 21 of 1:101–1:200 based on multiple-marker screening.

Interpretation: After public funding of cffDNA screening was implemented in Ontario, there was a significant increase in cffDNA 
screening and a significant decrease in prenatal diagnostic testing among women with a positive multiple-marker screening result. 
These changing patterns show the significant impact of public policy and funding decisions on women’s choices regarding prenatal 
testing.
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cffDNA in maternal plasma. The test provides a detection 
rate of about 99% with a false-positive rate of less than 0.1% 
for trisomy 21 (in contrast to the detection rate of 88% and 
the false-positive rate of 3% for enhanced first-trimester 
screening).3,7 Since early 2014, the Ontario Ministry of 
Health and Long-Term Care has funded cffDNA screening 
for pregnant women with pregnancies at increased risk for 
one of the common types of aneuploidy. The list of risk fac-
tors that meet funding criteria is outlined in Appendix 1 
(available at www.cmajopen.ca/content/6/4/E436/suppl/
DC1). Other jurisdictions have also incorporated cffDNA 
screening into traditional prenatal screening paradigms,8 
although there is limited literature describing the effect of 
the systematic incorporation of cffDNA screening on use of 
prenatal screening and diagnostic tests at a population level. 
Because of its superior screening performance, cffDNA 
screening presented a welcome alternative to diagnostic test-
ing by amniocentesis or chorionic villous sampling for preg-
nancies at increased risk for the common types of 
aneuploidy.9,10

The Better Outcomes Registry & Network (BORN) 
Ontario has prospectively collected data on pregnancies, 
including prenatal screening results, since 2012. We thus had 
an opportunity to assess the impact of publicly funded 
cffDNA screening on the use of multiple-marker prenatal 
screening, cffDNA screening and prenatal diagnostic testing. 
It was expected that public funding would result in increased 
use of cffDNA screening and decreased use of prenatal diag-
nostic testing among women at higher risk. Understanding 
these trends in use should aid and inform policy formation in 
Ontario, including policies that can address the potential 
inequities in offer of and access to prenatal screening and test-
ing in different regions. The objective of this study was to 
assess trends in the use of multiple-marker screening, cffDNA 
screening and prenatal diagnostic testing before and after 
cffDNA screening was publicly funded for pregnancies at 
increased risk for the common types of aneuploidy.

Methods

Data source
This descriptive study was based on data collected by BORN, 
a prescribed registry under the Personal Health Information 
Protection Act.11 The BORN Information System houses data 
on pregnancy encounters with the prenatal care system, 
including multiple-marker screening, labour, birth and early 
newborn care, from all prenatal screening centres, midwifery 
practices and hospitals in Ontario, as well as from Newborn 
Screening Ontario. It has captured all live births, stillbirths 
and miscarriages/terminations before 20 weeks’ gestation that 
had multiple-marker screening since January 2012. It has also 
retrospectively collected data on all cffDNA screening pro-
vided to Ontario residents, as well as data on diagnostic test-
ing from all but 1  cytogenetic laboratory in Ontario (data 
from this laboratory were unavailable owing to delays in data 
submission). At the time of this study, data on cffDNA 
screening and diagnostic testing were housed as stand-alone 

data sets and were not incorporated into the BORN Informa-
tion System, thus requiring linkages to pregnancy records in 
the BORN Information System. Amniocentesis is the main 
form of prenatal diagnostic testing in Ontario. To maximize 
ascertainment of prenatal diagnostic testing, the number of 
amniocentesis procedures was captured through a combina-
tion of amniotic fluid α-fetoprotein records (as α-fetoprotein 
was measured in almost all amniotic fluid samples as a marker 
of fetal open neural tube defects) and cytogenetic records 
indicating amniocentesis as the tissue type. Chorionic villus 
sampling is performed in a small number of high-risk centres, 
and capture of this test was based on data housed in cytoge-
netic records. The study population included all pregnant 
women with pregnancy data captured in BORN with a single-
ton pregnancy and an expected date of delivery between 
July 1, 2012, and Mar. 31, 2016.

To link legacy data on cffDNA screening and cytogenetic 
testing with the BORN Information System records, each 
cffDNA screening and cytogenetic record was assigned a 
series of BORN Information System identifiers, including 
maternal person identification number, pregnancy identifica-
tion number, birth identification number and infant person 
identification number, through record matching. The record 
matching was performed by BORN data analysts and was 
achieved through deterministic and probabilistic matching 
with the use of maternal and newborn health card number, 
date of birth, name, sex and postal code. Overall, 91.1% 
(12 755/13 999) of cffDNA screening records and 81.3% 
(12 279/15 107) of cytogenetic records were matched to a 
pregnancy record in the BORN Information System. In over 
95% of cases, cffDNA screening and cytogenetic records were 
matched to a correct pregnancy. Unmatched records, which 
were excluded from the study, were mostly likely miscarriages 
or terminations before 20  weeks’ gestation, as these data 
points were not systematically captured in the BORN Infor-
mation System during the study period. Alternatively, they 
may have been records from non-Ontario residents. Unlike 
information routinely collected in the BORN Information 
System, legacy records of cffDNA screening and prenatal 
diagnostic testing are not in a standard format. For this study, 
only relevant data elements were selected from these data sets 
and were combined after data cleaning. A single, cleaned data 
set linking the cffDNA screening data, the cytogenetic data 
and the pregnancy record in the BORN Information System 
was used in the study.

Statistical analysis
We used uptake rates to describe the use of multiple-marker 
screening, cffDNA screening and prenatal diagnostic testing. 
The numerator of uptake rate was the number of singleton 
pregnancies in Ontario that had multiple-marker screening, 
cffDNA screening or prenatal diagnostic testing. The denom-
inator was singleton pregnancies in Ontario with a defined 
character (e.g.,  all pregnancies, pregnancies with a positive 
result of multiple-marker screening). We used expected date 
of delivery to describe date ranges. We described regional 
variations in the use of multiple-marker screening and 
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cffDNA screening by census division and Local Health Inte-
gration Network (LHIN), and illustrated them using heat 
maps created with ArcMap (ArcGIS version 10.4.1, Esri). 
Census division describes provincially legislated geographic 
areas that are intermediate between the province/territory 
level and the municipality; they have been established in pro-
vincial law to facilitate regional planning and service provi-
sion.12 Local Health Integration Networks were established 
under the Local Health System Integration Act, 2006 for 
planning, funding and management of health care services.13 
There are 49 census divisions and 14 LHINs in Ontario. Each 
pregnancy in the study was assigned a census division and a 
LHIN based on the women’s postal code and home address, 
routinely collected by BORN. To assess how multiple-marker 
screening results are influencing next steps in testing, we also 
examined the use of cffDNA screening and prenatal diagnos-
tic testing by risk level based on multiple-marker screening.

We generated descriptive statistics to describe the use of 
multiple-marker screening, cffDNA screening and prenatal 
diagnostic testing. We used the χ2 test to compare the uptake 
rates of these tests before and after the introduction of funded 
cffDNA screening for higher-risk pregnancies. Finally, we 
used the Cochran–Armitage test to examine temporal changes 
in the use of these tests.

Ethics approval
The study was approved by the Research Ethics Board of the 
Children’s Hospital of Eastern Ontario, Ottawa.

Results

There were 534 210  singleton pregnancies with an expected 
date of delivery between July 1, 2012, and Mar. 31, 2016. 
Multiple-marker screening was performed in 359 066 preg-
nancies, yielding an overall uptake rate of 67.2%. Figure 1 
illustrates the uptake of multiple-marker screening by census 
division via a heat map of Ontario, with an inlaid table illus-
trating the LHINs with the lowest and highest uptake rates. 
There were substantial variations in uptake of the test in dif-
ferent geographic areas in Ontario, from under 30% in the 
North West LHIN to over 83% in the Central LHIN.

Over the study period, cffDNA screening was performed 
in 11 102  singleton pregnancies (2.1%), with a dramatic 
increase after implementation of public funding, from 854 in 
2013 to 6298 in 2015. Figure 2 shows the rate of uptake 
cffDNA screening following implementation of public fund-
ing for high-risk pregnancies, by census division, with an 
inlaid table illustrating the LHINs with the lowest and high-
est uptake rates. Again, substantial regional variations in 
uptake were noted, with a 2.7-fold higher uptake rate in the 
Toronto Central LHIN (64.5%) compared to that for the 
North West LHIN (24.2%).

During the study period, a prenatal diagnostic test was 
done in 11 261  singleton pregnancies (2.1%). There were 
10 312  amniocentesis procedures and 949  chorionic villus 
sampling procedures. Figure 3 shows key pathways of prena-
tal screening before and after public funding of cffDNA 

screening was introduced. The rate of uptake of multiple-
marker screening increased slightly but significantly after 
implementation of funding (p < 0.001). The rate of uptake of 
prenatal diagnostic testing among women with a positive 
multiple-marker screening result decreased significantly after 
implementation of funding, from 54.8% to 30.8% (p < 0.001).

After women aged 40  years or older became eligible for 
publicly funded primary cffDNA screening, in 2014, the rate 
of uptake of cffDNA screening in this age group increased 
from 2.4% to 33.0%, yet only 7.2% had primary cffDNA 
screening (data not shown). This was accompanied by a small 
but significant decrease (75.7% to 72.2%, p  < 0.001) in the 
uptake of multiple-marker screening in this group.

Rates of uptake of cffDNA screening and/or prenatal diag-
nostic testing among all pregnancies over the study period are 
depicted in Figure 4. Uptake of cffDNA screening increased 
from less than 1.0% in 2012 to more than 4.0% in 2016 (p < 
0.001). The uptake of prenatal diagnostic testing decreased by 
more than 50%, and the proportion of women who had either 
cffDNA screening or prenatal diagnostic testing more than 
doubled (2.8% to 6.1%) (p < 0.001).

Figure 5 shows the uptake of cffDNA screening and pre-
natal diagnostic testing among pregnancies with a positive 
multiple-marker screening result over the study period. There 
was a steady increase in uptake of cffDNA screening after 
implementation of funding of cffDNA screening, from 2.2% 
to 56.9%, with a concomitant decrease in uptake of prenatal 
diagnostic testing (p < 0.01). The proportion of women who 
had follow-up testing (either cffDNA screening or prenatal 
diagnostic testing) increased from about 60% to 75% after 
cffDNA screening was funded (p < 0.001).

Table 1 presents the use of cffDNA screening and prenatal 
diagnostic testing, stratified by level of risk for trisomy 21 
based on multiple-marker screening, before and after imple-
mentation of funding of cffDNA screening. The highest rate 
of uptake of prenatal diagnostic testing was seen among preg-
nancies with a risk level of 1:10 or greater, with a relatively 
small decline in uptake after cffDNA screening was funded. 
The greatest decline (50.9% to 23.5%) in uptake of prenatal 
diagnostic testing following implementation of public funding 
was seen among pregnancies with a risk level of 1:101–1:200. 
This group also had the highest rate of uptake of cffDNA 
screening (55.1%) and the greatest increase in uptake of 
follow-up testing (56.3% to 76.3%).

Interpretation

We examined patterns of use of multiple-marker screening, 
cffDNA screening and prenatal diagnostic testing in Ontario 
from 2012 to 2016, a period spanning the introduction of 
cffDNA screening in the province, initially by self-pay and 
then publicly funded, in 2014. We specifically evaluated the 
impact of public funding of cffDNA screening for pregnancies 
at increased risk for aneuploidy on the use of prenatal screen-
ing and diagnostic testing. Over the study period, 67.6% of 
pregnant women had a prenatal screening test (whether 
multiple-marker screening, cffDNA screening or both). 
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We observed substantial variation in overall rates of uptake of 
prenatal screening across the province, with higher uptake 
seen in large urban areas and lower uptake in northern 
Ontario. After public funding of cffDNA screening for high-
risk pregnancies was implemented, there was a small increase 
in the overall uptake of multiple-marker screening, a decrease 
in prenatal diagnostic testing and an increase in the uptake of 
cffDNA screening among pregnancies with a positive result of 
multiple-marker screening. A possible explanation for the 
slight increase in multiple-marker screening uptake is height-
ened awareness of prenatal screening in general following 
advertising of cffDNA screening, which was widely marketed 

in Ontario, as elsewhere.14–16 Women who may previously 
have avoided a multiple-marker screening test because of the 
relatively high false-positive rate, with the offer of only a diag-
nostic test for follow-up, may have found cffDNA testing, 
with its superior performance, low false-positive rate and lack 
of risk associated with diagnostic testing, more appealing.

The patterns of uptake of cffDNA screening in the current 
study show a significant impact of public policy and funding 
decisions on prenatal testing patterns. The use of cffDNA test-
ing increased markedly following implementation of funding 
among women whose pregnancies were at increased risk for 
aneuploidy. Interestingly, only 33% of women aged 40 years 

LHINs with highest and lowest use of MMS

Central
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LHIN
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534 210

57 289
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83.6 (highest)

27.7 (lowest)

67.2 (all)

All
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Figure 1: Use of multiple-marker screening (MMS) among all singleton pregnancies with an expected date of delivery between July 1, 2012, 
and Mar. 31, 2016, in Ontario, by census division. Note: LHIN = Local Health Integration Network.
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or older had any cffDNA screening, and only 7.2% had it as a 
primary screening test in spite of Ontario public funding for 
this indication alone. We were not able to assess details of 
counselling regarding prenatal testing options that may have 
directed use. Health care providers likely followed a 2011 
Canadian guideline that advises the offer of a multiple-marker 
screening test to women of any age before diagnostic testing 
for aneuploidy.17 Alternatively, they may have been influenced 
by the fact that multiple-marker screening can provide addi-
tional information on pregnancy health that cffDNA screening 

alone cannot provide. As well, primary providers are chal-
lenged by rapidly changing information in this genomic era of 
prenatal testing, and some patterns of use observed over the 
study period may reflect delayed incorporation of these newer 
technologies into practice owing to inadequate knowledge dis-
semination. Last, there have been anecdotal reports of perfor-
mance of 2  screens (multiple-marker and cffDNA screening) 
during the same pregnancy.

In the current study, provincial funding of cffDNA screen-
ing was accompanied by decreased use of prenatal diagnostic 
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Figure 2: Use of cell-free fetal DNA (cffDNA) screening among singleton pregnancies with an expected date of delivery between July 1, 2014, and 
Mar. 31, 2016, that had a positive result of multiple-marker screening (MMS), by census division. Note: LHIN = Local Health Integration Network.
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testing, with the largest decline among pregnancies with a risk 
for trisomy 21 lower than 1:50 (e.g., 1:100). The uptake of any 
form of follow-up testing following a positive multiple-marker 
screening result increased substantially across all risk groups 
but especially among pregnancies with a risk lower than 1:50, 
in which follow-up prenatal diagnostic testing was less likely 
before cffDNA screening was publicly funded. This suggests 
that cffDNA screening, as a noninvasive and highly accurate 
alternative to amniocentesis or chorionic villus sampling, is 
positively regarded by pregnant women or is more likely to be 
suggested by care providers in cases in which the multiple-
marker screening test gives a moderately positive result.

There is a wide range in reported rates of uptake of 
multiple-marker screening in studies from different countries 
and screening programs, from 35.2% in the Netherlands to 
about 76.0% in the United Kingdom and 91.6% in Den-
mark.8,18,19 In Ontario, the overall rate of uptake of prenatal 
screening increased from 63% to about 68% over the past 
5–7 years,20,21 but regional variations remain. Publicly funded 
cffDNA screening has not substantially affected the overall 
prenatal screening uptake rate. Because multiple-marker 
screening is funded for all Ontario residents by the Ministry 
of Health and Long-Term Care, it is unlikely that the varia-
tion in regional uptake rates was cost-driven, as reported in 

the Netherlands.18 Lower rates of multiple-marker screening 
uptake were previously reported to be associated with living in 
a rural area, receiving first-trimester care from a family physi-
cian or midwife, and being in a lower income quintile in 
Ontario.20 Possible reasons for the regional variation in both 
multiple-marker and cffDNA screening observed in the cur-
rent study include disparities in access and personal choices, as 
well as provider differences in adopting and incorporating 
new technologies and recommendations. We plan to analyze 
this further and, with the advent of a provincial prenatal 
screening program, to address the modifiable factors that may 
be barriers to prenatal screening.

Several investigators have assessed the impact of cffDNA 
screening on prenatal screening and diagnostic services.8–10,22,23 
Because of the variations in prenatal screening tests and poli-
cies for cffDNA screening in those studies, it is difficult to 
directly compare the magnitude of the impacts. However, we 
observed similar patterns in the use of these tests in our popu-
lation as in others. Chitty and colleagues8 noted that, after the 
implementation of funded cffDNA screening, the proportion 
of women having a prenatal diagnostic test decreased from 
60% to 17.8%, and the rate of uptake of cffDNA screening 
was 74.4% following a positive first-trimester screen result. 
Chan and colleagues22 reported a decline of 45% in the rate of 

All pregnancies
n = 534 210

Pregnancies
n =  286 732

Multiple-marker 
screening
n = 190 628 

(66.5%)

Positive result
n = 6629 (3.5%)

Prenatal diagnostic 
testing

n = 3636 (54.8%)

Pregnancies
n = 247 478

Multiple-marker 
screening
n = 168 438 

(68.1%)

Positive result
n = 6036 (3.6%)

cffDNA screening
n = 2947 (48.8%)

Prenatal 
diagnostic testing 
n = 254 (8.6% ) 

Prenatal diagnostic 
testing

n = 1605 (26.6%)

After funding 
(expected delivery date

July 2014 to March 2016)

Before funding 
(expected delivery date 
July 2012 to June 2014)

All prenatal diagnostic testing
n = 1859 (30.8% of women 

with positive multiple-marker 
screening result) 

Figure 3: Prenatal screening pathways before and after cell-free fetal DNA (cffDNA) screening was funded. Women who did not 
have follow-up testing following a positive result of multiple-marker screening are not shown.
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refusal of further testing and a reduction of one-third in pre-
natal diagnostic testing after a positive multiple-marker 
screening result following the introduction of self-pay 
cffDNA screening. A marked decline in the use of prenatal 
diagnostic testing following the implementation of cffDNA 
screening has also been shown in other studies, with both 
public and private funding models.9,10,23–25

Gil and colleagues26 examined the impact of risk level 
based on first-trimester screening on the uptake of cffDNA 
screening. Of women with a risk level of 1:100 or more, 40% 
opted for chorionic villus sampling, 57% opted for cffDNA 
screening, and 3% did not want any further testing. Of 
women with a risk of 1:101–1:1000, 91.7% opted for cffDNA 
screening. Similar results were reported by Manegold-Brauer 
and colleagues.27 In our population, we observed a reduction 

in prenatal diagnostic testing in all risk groups, with the great-
est reduction seen in women with a risk level of 1:101–1:200.

Limitations
Our study has several limitations. Data from 1 of 9  cytoge-
netic laboratories were not available at the time of the study. 
There were unmatched legacy data on cffDNA screening and 
diagnostic tests, which would have led to underestimation of 
the absolute number of cffDNA screening and prenatal diag-
nostic tests performed. As a similar proportional change in 
test volumes over time were seen in all the other cytogenetic 
laboratories and the proportions of unmatched records of 
cffDNA screening and diagnostic testing were similar over the 
study period, inclusion of the missing/unmatched data likely 
would not have influenced the magnitude of the observed 
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differences in uptake of cffDNA screening or prenatal diag-
nostic testing before and after implementation of public fund-
ing of cffDNA screening. In addition, data on pregnancies 
that ended as miscarriages or terminations were not systemat-
ically collected in BORN unless there was a multiple-marker 
screening or amniotic fluid α-fetoprotein test associated with 
the pregnancy. Therefore, the total number of pregnancies 
was underestimated to a small extent in the study. This may 
have slightly overestimated the overall rates of screening and 
testing uptake but would have affected these rates equally 
before and after implementation of public funding, thus not 
affecting our results.

Because our study included women with an expected date 
of delivery up to Mar. 31, 2016, we cannot comment on more 
recent trends in use that might reveal further impact of pub-
licly funded cffDNA screening on patterns of use of prenatal 
screening and diagnostic testing. As detailed earlier, we can-
not specifically delineate factors accounting for regional varia-
tions in uptake of these screening tests. Neither were we able 
to assess whether women were offered and declined prenatal 
screening tests, or the indications for cffDNA screening. We 
plan to perform further studies to evaluate referral and use 
patterns as they relate to geographic regions, as well as costs 
and performance of multiple-marker screening, cffDNA 
screening and prenatal diagnostic testing.

Conclusion
After public funding of cffDNA screening was implemented 
in Ontario, there was a significant increase in cffDNA screen-

ing and a significant decrease in prenatal diagnostic testing 
among women with a positive result of multiple-marker 
screening. These results should inform screening program 
planning and policy in Ontario and elsewhere. Further studies 
are warranted to investigate the factors that affect the use of 
multiple-marker screening, cffDNA screening and prenatal 
diagnostic testing in order to improve the adequacy, efficacy 
and performance of prenatal screening.
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