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Abstract
Background  Multiple marker screening is offered to pregnant individuals in many jurisdictions to screen for 
trisomies 21 and 18. On occasion, the result is ‘double-positive’—a screening result that is unexpectedly positive 
for both aneuploidies. Although this occurs rarely, the paucity of available evidence about the outcomes of these 
pregnancies hinders patient counselling. This study aimed to investigate the association of double-positive results 
with preterm birth and other adverse perinatal outcomes.

Methods  We conducted a population-based retrospective cohort study of pregnancies with an estimated date of 
delivery from September 1, 2016, to March 31, 2021, using province-wide perinatal registry data in Ontario, Canada. 
Pregnancies with double-positive screening results where trisomies 21 and 18 were ruled-out were compared to 
pregnancies with screen negative results for both aneuploidies. We used modified Poisson regression models with 
robust variance estimation to examine the association of double positive results with preterm birth and secondary 
outcomes.

Results  From 429 540 pregnancies with multiple marker screening, 863 (0.2%) had a double-positive result; trisomies 
21 and 18 were ruled out in 374 pregnancies, 203 of which resulted in a live birth. Among the pregnancies in the 
double-positive group resulting in a live birth, the risk of preterm birth was increased compared to pregnancies with a 
screen negative result: adjusted risk ratio (aRR) 2.6 (95%CI 2.0-3.6), adjusted risk difference (aRD) 10.5% (95%CI 5.4–
15.7). In a sensitivity analysis excluding all diagnosed chromosomal abnormalities, the risk of preterm birth remained 
elevated to a similar degree: aRR 2.6 (95%CI 1.9–3.7), aRD 10.0% (95%CI 4.8–15.3). The risk of other adverse perinatal 
outcomes was also higher, including the risk of chromosomal abnormalities other than trisomies 21 and 18: aRR 
81.1 (95%CI 69.4–94.8), aRD 34.0% (95%CI 29.2–38.8). Pregnancies with double-positive results were also less likely to 
result in a live birth, even when excluding all diagnosed chromosomal abnormalities; and at increased risk of adverse 
perinatal outcomes for those resulting in a live birth.

Conclusion  Although rare, double-positive multiple marker screening results are associated with an increased risk of 
preterm birth and other adverse perinatal outcomes, even when excluding all identified chromosomal abnormalities.
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Background
Prenatal screening for trisomies 21 and 18 has been 
offered to pregnant individuals since the 1980s in the 
form of multiple marker screening [1]. Although the 
advent of cell-free DNA (cfDNA) screening technolo-
gies has considerably changed many prenatal screening 
programs, most still rely on multiple marker screening as 
the main screening modality and offer cfDNA screening 
in a contingent funding model or as a private-pay option 
[2–4]. 

The results of multiple marker screening generally yield 
(i) a screen-positive result for trisomy 21 or for trisomy 
18, in which case follow-up investigations are offered to 
further define the risk of aneuploidy (through cfDNA 
screening) or confirm/refute the positive result through 
diagnostic cytogenetic testing; or (ii) a screen-negative 
result, for which no follow-up investigations are indi-
cated. However in some instances, the result is unexpect-
edly reported as positive for both trisomies 21 and 18 at 
once, referred to as a ‘double-positive‘ result; in some of 
these cases, diagnostic testing confirms neither of these 
trisomies [5]. The patterns of biochemical marker levels 
that confer a positive result are different for the two triso-
mies, and at times in opposition [6], thus a double-posi-
tive result is both rare and difficult to interpret.

In a report of 32 pregnancies with double-positive 
results in 2002, 20 had no reported chromosomal abnor-
mality, yet only 5 resulted in a live birth without obstet-
ric or perinatal complications [7]. A subsequent study 
compared pregnancy outcomes between 33 patients 
with a double-positive result for which a prenatal diag-
nosis of trisomies 21 and 18 had been excluded and 66 
age-matched pregnancies with screen-negative results, 
finding an increased risk of adverse outcomes including 
spontaneous abortion and lower gestational age at deliv-
ery for the double-positive group [5]. This study was lim-
ited by its small sample size and potential for selection 
bias resulting from restriction of the study to pregnancies 
in which prenatal cytogenetic investigations had been 
conducted. Nevertheless, the finding that a double-posi-
tive result may indicate a higher risk of preterm birth is 
particularly concerning given the clinical importance of 
preterm birth for perinatal and child health outcomes [8]. 

Although the occurrence of double-positive results 
appears to be rare (prevalence 0.3 − 0.4%), the paucity of 
evidence on this type of result hinders patient counseling 
[5, 9]. The present study aimed to investigate the relation-
ship between a double-positive multiple marker screen-
ing result and preterm birth, as well as other adverse 
obstetrical and perinatal outcomes, on a population level.

Methods
Study design & data sources
We conducted a population-based retrospective cohort 
study using data from the Better Outcomes Registry & 
Network, the prescribed perinatal registry in Ontario, 
Canada. Data from all multiple marker screening, cfDNA 
screening, and cytogenetic tests performed in Ontario 
are collected in the registry, which also captures preg-
nancy, obstetrical, and perinatal outcomes. All pregnancy 
outcomes beyond 20 weeks’ gestation are captured in the 
registry, while outcomes for pregnancies lasting less than 
20 weeks’ gestation are captured less systematically. Data 
from the Canadian Institute for Health Information Hos-
pital Discharge Abstract Database were used to supple-
ment the capture of pregnancy outcome, preeclampsia, 
and neonatal intensive care admission (see Supplemental 
Table 1) [10]. 

Setting and study population
In Ontario, multiple marker screening is offered as the 
first-tier screen; modalities have varied over time and are 
described in Supplemental Table 2. The same screening 
modalities are used to generate a risk estimate for triso-
mies 21 and 18, although some biomarkers, namely first 
trimester alpha fetoprotein and placental growth fac-
tor and second trimester inhibin A, are excluded from 
the calculation of the risk of trisomy 18, while included 
in the calculation of trisomy 21 (Supplementary Table 
2). cfDNA screening is universally covered under the 
province’s publicly-funded health care for those meeting 
specific eligibility criteria, including a positive multiple 
marker screen. Individuals may also choose to self-pay 
for cfDNA screening if the eligibility criteria are not met 
[11, 12]. 

All singleton pregnancies with an estimated date of 
delivery from September 1, 2016, to March 31, 2021, and 
a multiple marker screening result were included in the 
study (Fig. 1).

Study exposure
The double-positive group was defined as pregnancies 
with a multiple marker screening result that was positive 
for both trisomies 21 and 18 and where we considered 
the result to be false positive due to: (i) a cytogenetic test-
ing result, prenatally or postnatally, that excluded a diag-
nosis of trisomies 21 and 18; or (ii) a cfDNA screening 
result that indicated low risk of these trisomies. The low-
risk cfDNA screening result was considered sufficient 
evidence to rule out trisomies 21 and 18 given its nega-
tive predictive value of > 99.99%, (95%CI 99.97–100.00) 
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[13]. Pregnancies with double-positive results with a 
diagnosis of mosaic or partial trisomies 21 or 18 were 
excluded, as were pregnancies for which no follow-up 
investigations were conducted as such lack of follow-up 
precluded the exclusion of a diagnosis of trisomies 21 and 
18 (Fig. 1).

Pregnancies with double-positive results as defined 
here were compared to pregnancies with a negative mul-
tiple marker screening result; pregnancies with a diag-
nosis of full, partial or mosaic trisomy 21 or 18 were 
excluded from this reference group (Fig. 1).

Study outcome
The primary outcome for this study was preterm birth, 
defined as a live birth before 37 weeks’ gestation [14]. 
Among pregnancies resulting in a live birth, secondary 
outcomes included small for gestational age (< 10th per-
centile), cesarean section, diagnosis of preeclampsia, and 
admission to the neonatal intensive care unit for more 
than 12 h [15]. 

Additional secondary outcomes were included for all 
pregnancies: chromosomal abnormalities other than tri-
somies 21 and 18, and a composite of pregnancy loss, 
stillbirth, or termination.

Chromosomal abnormalities were identified through 
cytogenetic testing including rapid aneuploidy detection 
techniques, karyotype, and microarray tests. During the 
study period, among pregnancies in which cytogenetic 

testing is performed, 86.7% included a microarray anal-
ysis. Because not all pregnancies receive cytogenetic 
investigations, additional sources of information were 
used to ascertain whether pregnancies without such test-
ing could reasonably be defined as not having a chromo-
somal abnormality. This was achieved based on cfDNA 
screening results and the findings of the clinical exami-
nation at birth, as recorded in the registry, in which live 
births with no phenotypic features or congenital anoma-
lies were recorded were assumed not to have any chro-
mosomal abnormality.

Statistical analysis
The study population was described using means and 
standard deviations for continuous variables and fre-
quencies and proportions for categorical variables.

We computed the cumulative incidence of all study 
outcomes for both groups and used modified Poisson 
regression models with robust variance estimation to 
generate risk ratios and risk differences. All models were 
adjusted for potential confounders identified a priori: 
characteristics of the pregnant individual (age, pre-preg-
nancy weight, racial origin, insulin dependent diabe-
tes mellitus, smoking) and conception through assisted 
reproductive technologies, all factors for which screening 
laboratories make adjustments and for which an associa-
tion with adverse perinatal outcomes has been reported 
[16, 17]. 

Fig. 1  Study inclusions
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To address missing covariate data (11.6% of the study 
population were missing data on at least one covariate), 
we used multiple imputations by chained equations with 
20 imputed data sets (Supplemental Tables 3 and 4) [18]. 

Sensitivity analyses
Given the potential association between double-positive 
results and chromosomal abnormalities other than tri-
somies 21 and 18, we conducted a subgroup analysis 
excluding all pregnancies with identified chromosomal 
abnormalities to evaluate the impact on our main results.

In the main analysis, only pregnancies with double-
positive results in which a diagnosis of trisomies 21 and 
18 had been ruled out by follow-up investigations were 
included. However, 20 of the pregnancies that were 
excluded from the analysis due to having a double-posi-
tive result but no follow-up investigations (i.e., no cyto-
genetic or cfDNA screening were performed) resulted 
in a live birth. To determine the impact of the exclusion 
of these pregnancies, we performed a sensitivity analysis 
in which these pregnancies were included as part of the 
double-positive group.

Complete case analyses including only pregnancies for 
which data on all covariates were available were also con-
ducted as a further sensitivity analysis.

Some individuals in the study population may have had 
more than one pregnancy over the course of the study 
period. Due to the complexity of the model given the 
multiple imputations, we were unable to account for non-
independence of such pregnancies in the main model. We 
performed a sensitivity analysis using one of the imputed 
data sets to determine the impact of not accounting for 
this clustering in our main analysis (Supplemental Table 
5).

We performed the analyses using SAS, version 9.4 (SAS 
Institute Inc, Cary, NC) and R, version 4.3.1 for the mul-
tiple imputations and regression models.

This study received approval by the research ethics 
board of the Children’s Hospital of Eastern Ontario (pro-
tocol # 22/05PE) and the University of Ottawa (protocol 
# H-06-22-8269). As this study involved secondary use of 
data from a prescribed registry, individual patient con-
sent was not required.

This study is reported using the RECORD guidelines 
[19]. 

Results
From 634 146 singleton pregnancies recorded in the 
registry during the study period, 458 240 (72.3%) had 
multiple marker screening. After excluding 25 651 with 
a positive screen for trisomy 21, 917 for trisomy 18, 
and 2 132 where no screening report could be issued, 
429 540 pregnant individuals remained, of whom 428 
677 had a screen negative result and 863 (0.2%) had a 

double-positive result (Fig.  1). Over two-thirds (67.1%) 
of pregnancies with double-positive results had cyto-
genetic testing; 49.4% had prenatal cytogenetic testing 
specifically (Fig. 2). For pregnancies with screen negative 
results, 2.8% had cytogenetic testing at any time and 0.6% 
had prenatal cytogenetic testing specifically.

Among the 863 pregnancies with a double-positive 
results, a diagnosis of trisomy 21 or 18 was confirmed by 
cytogenetic testing in 326 (37.8%, Fig.  1). An additional 
46 (5.3%) had a high-risk cfDNA screening result for tri-
somies 21 or 18, presuming a likely diagnosis of aneu-
ploidy. An additional 117 pregnancies were excluded 
from the double-positive group as a diagnosis of trisomy 
21 or 18 could not be excluded (uninformative cytoge-
netic testing, failed cfDNA screening, or no follow-up 
investigations performed).

After these exclusions, 374 pregnancies with double-
positive results were included in the analytic sample, 203 
of which resulted in a live birth (Fig. 1). These pregnan-
cies were compared with 428 466 pregnancies with a 
screen negative result, after excluding 211 screen-nega-
tive pregnancies in which a full, partial or mosaic trisomy 
21 or 18 was diagnosed; 411 937 of the included screen-
negative pregnancies resulted in a live birth (Fig. 1).

In the analytic sample, pregnant individuals in the 
group of 374 pregnancies with double-positive results 
were older than those in the group of 428 466 individuals 
with screen-negative results (mean age at estimated date 
of delivery of 35.5 years versus 31.2 years, respectively) 
and they were also less likely to be nulliparous (22.9% ver-
sus 46.4%; Table 1). In pregnancies with double-positive 
results, 44.1% (152/345) had a multiple marker screening 
result for which the fetal nuchal translucency measure-
ment was below the threshold of 3.5  mm, compared to 
99.96% (396 017/396 186) for pregnancies in the group 
with screen-negative results.

The biomarker patterns varied in the two groups and 
are described in the Supplemental Table 6: in pregnan-
cies with double-positive results, the nuchal translucency 
measurement, and second trimester total human chori-
onic gonadotropin and inhibin A were increased, while 
all other biomarkers were decreased. A low PAPP-A, 
defined as < 0.4 MoM, was observed in 237 (69.7%) of 
pregnancies with double-positive results compared to 20 
341 (5.1%) of pregnancies with screen-negative results.

Analyses of primary and secondary outcomes
Outcomes among pregnancies resulting in a live birth
Among pregnancies resulting in a live birth, the inci-
dence of preterm birth was higher among pregnancies 
with double-positive results (17.0%) compared to the 
screen-negative group (6.1%; Table 2). The adjusted risk 
ratio (aRR) for preterm birth in those with double-posi-
tive results versus screen negative results was 2.6 (95%CI 
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2.0-3.6) and the adjusted risk difference (aRD) was 10.5% 
(95%CI 5.4–15.7) (Table 2).

The incidence of all secondary outcomes for preg-
nancies resulting in a live birth was also higher in the 
double-positive group compared to the group with 
screen-negative results, with some variation in the mag-
nitude of the increased aRRs and aRDs (cesarean deliv-
ery, admission to the neonatal intensive care unit, and 
small for gestational age, preeclampsia) (Table 2).

Outcomes among all pregnancies
In the analyses including all pregnancies, those in the 
group with double-positive results had an increased risk 
of chromosomal abnormalities other than trisomies 21 
and 18 (34.4%) compared to the screen-negative group 
(0.4%), with an aRR of 81.1 (95%CI 69.4–94.8) and aRD 
of 34.0% (95%CI 29.2–38.8) (Table  2; detailed numbers 
for specific chromosomal abnormalities, Supplemental 
Table 7). The proportion of pregnancies ending in a com-
posite of pregnancy loss, stillbirth or termination versus 
live birth was also higher in the group with double-pos-
itive results (20.7%) compared to screen-negative results 
(0.7%), with an aRR of 26.9 (95%CI 20.8–34.7; Table  2) 
and aRD of 19.9% (95%CI 15.0-24.9; Table 2). Further, a 
higher proportion of pregnancies with double-positive 
results had no pregnancy outcome recorded (31.6%) 
compared to the screen-negative group (3.2%) (Supple-
mental Table 8).

Sensitivity analyses
Excluding all identified chromosomal abnormalities
In a sensitivity analysis where all identified chromo-
somal abnormalities other than trisomies 21 and 18 were 
additionally excluded (Table 3), the risk of preterm birth 
was still increased in pregnancies with double-positive 
results, compared to pregnancies with screen negative 
results (aRR 2.6 (95%CI 1.9–3.7), aRD 10.0% (95%CI 
4.8–15.3)). The results for the secondary outcomes also 
remained similar in magnitude.

Other sensitivity analyses
The complete case analysis for preterm birth excluded 47 
838 pregnancies (11.6%) due to missing data for one or 
more covariates; the estimates were similar in magnitude 
and direction, but less precise (Supplemental Tables 3 
and 9).

In our primary analysis, we excluded from the analytic 
sample 102 pregnancies with double-positive results but 
no follow-up investigations (Fig. 2), as we relied on these 
confirmatory results to rule out trisomies 21 and 18. In 20 
such pregnancies, there was a live birth recorded. When 
these pregnancies were included in the double-positive 
group, the results for preterm birth were very similar to 
the main analysis (aRR of 2.5, 95%CI 1.9–3.4 and aRD of 
9.9%, 95%CI 5.0-14.8; Supplemental Table 10).

Additionally, in the sensitivity analysis of a single 
imputed data set in which we accounted for clustering 

Fig. 2  Use and results of cfDNA screening and cytogenetic testing by multiple marker screening (MMS) result
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among individuals with more than one pregnancy in the 
study cohort, the results were virtually identical to the 
main analyses (Supplemental Table 5).

Finally, because some methods of determining the esti-
mated date of delivery of a pregnancy are more accurate 
(first trimester ultrasound) than others (second trimes-
ter ultrasound, last menstrual period), we reviewed this 
information for pregnancies based on multiple marker 
screening results. The methods of estimated date of deliv-
ery determination were similar in the two groups, with 
94.1% and 95.6% of pregnancies with double-positive 

results and screen-negative results using first trimes-
ter ultrasound, respectively. We reviewed the cases of 
preterm birth among pregnancies with double-positive 
results where the estimated date of delivery was not 
determined by first trimester ultrasound and calculated 
the association if all these pregnancies had been mis-
classified as having a preterm birth; the crude risk ratio 
would decrease from 2.8 to 2.5 (Supplemental Table 11).

Among the 114 pregnancies with double-positive 
results and a nuchal translucency measurement < 3.5 mm 
with a recorded live birth, 21 (18.4%) were recorded to 

Table 1  Characteristics of the Study Population
Characteristic Pregnancies in the analytic samplea

Double-positive results Screen-negative results
Total 374 428 466
Age of the pregnant individual at EDD, mean years (SD) 35.5 (5.2) 31.2 (4.7)
Gestational age at screening, mean days (SD) 87.0 (7.5) 88.9 (7.7)
Pre-pregnancy weight, mean kg (SD) 68.7 (15.8) 67.9 (17.1)
Parity, n (%)
Nulliparous 55 (22.9) 190 997 (46.4)
Primiparous 91 (37.9) 146 318 (35.5)
Multiparous 94 (39.2) 74 531 (18.1)
Missing 134b 16 620
Racial origin, n (%)
White 212 (57.5) 248 962 (58.8)
Asian 108 (29.3) 117 099 (27.7)
Black 24 (6.5) 30 135 (7.1)
Other 25 (6.8) 27 280 (6.4)
Missing < 6 4 990
Type of conception, n (%)
Spontaneous 300 (98.4) 390 297 (96.3)
In vitro fertilization < 6 (S) 11 365 (2.8)
Other assisted reproductive technology < 6 (S) 3 558 (0.9)
Missing 69b 23 246
Smoking status, n (%)
Nonsmoker 330 (93.2) 367 572 (91.0)
Smoker 24 (6.8) 36 350 (9.0)
Missing 20 24 544
Neighbourhood income quintile, n (%)
First quintile 71 (19.6) 89 137 (21.6)
Second quintile 87 (24.0) 86 900 (21.0)
Third quintile 74 (20.4) 87 803 (21.3)
Fourth quintile 76 (20.9) 82 909 (20.1)
Fifth quintile 55 (15.2) 66 418 (16.1)
Missing 11 15 299
Nuchal translucency measurement, n (%)
Measurement < 3.5 mm 152 (44.1) 396 017 (99.96)
Measurement ≥ 3.5 mm 193 (55.9) 169 (0.04)
No measurement 29 32 280
EDD, estimated date of delivery; SD, standard deviation ; IVF, in vitro fertilization ; ART, assisted reproductive technology
aPregnancies with double-positive results include: pregnancies with a double-positive multiple marker screening result where trisomies 21 and 18 were excluded by cytogenetic testing 
or a low-risk cfDNA screening result
aPregnancies with screen-negative results include: pregnancies with a screen negative multiple marker screening result in which pregnancies with a diagnosis of full, partial or mosaic 
trisomy 21 or 18 were excluded
bMissing data for more than 10.0% of the pregnancies
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result in a preterm birth, and among the 52 live births 
with double-positive results and a PAPP-A ≥ 0.4 MoM, 8 
(15.4%) were delivered prematurely (Supplemental Table 
12). In pregnancies with nuchal translucency measure-
ments < 3.5  mm, the risk of chromosomal abnormalities 
other than trisomies 21 and 18 was increased in pregnan-
cies with double-positive results (15.8%) compared to 
pregnancies with screen-negative results (0.4%) (Supple-
mental Table 13).

Discussion
Main findings
In this large population-based study, we found that 
double-positive multiple marker screening results are 
relatively rare, occurring in 0.2% of pregnancies, often 
confirming a diagnosis of trisomy 21 or 18 (37.8%) or 
indicating a high suspicion of aneuploidy in a further 
5.3% of pregnancies with a high-risk cfDNA screening 
result. Among pregnancies with double-positive results 
in which cytogenetic testing or cfDNA screening ruled 
out a diagnosis of trisomy 21 or 18, we observed a sub-
stantial increase in the risk of preterm birth, compared 
to pregnancies with a screen-negative result. These preg-
nancies resulting in a live birth were also at increased risk 
of admission to the neonatal intensive care unit, small for 
gestational age, and delivery by cesarean section. These 
elevated risks remained similar in magnitude when preg-
nancies with any identified chromosomal abnormality 
were excluded from the analysis.

There was also an increased risk of chromosomal 
abnormalities other than trisomies 21 and 18 among 
pregnancies with a double-positive result, and an ele-
vated risk of a composite of pregnancy loss, stillbirth or 
termination.

As previous studies have reported that lower PAPP-A 
levels are associated with preterm birth [20], we investi-
gated whether the risk of preterm birth may be explained 
by low PAPP-A levels or by high nuchal translucency 
levels; we found that the risk of preterm birth remained 
elevated among those with nuchal translucency mea-
surements under 3.5 mm and those with PAPP-A levels 
greater or equal to 0.4 MoM.

Strengths and limitations
An important strength of this study is its population-
based design, avoiding the potential for selection bias 
that may occur when only high-risk individuals who 
elected to have prenatal diagnosis are included. Our 
study also included a large sample size, enabling relatively 
precise estimates of risk for outcomes associated with 
this rare finding. For assessment of chromosomal abnor-
malities other than trisomies 21 and 18, we were able to 
investigate copy number variants, as cytogenetic testing 
results included microarray analyses. Finally, our detailed 

description of the study population (Fig.  2) will serve 
as a useful reference to inform clinicians and programs 
regarding the type of follow-up investigations received by 
patients with this type of screening result.

An important limitation of this study was that preg-
nancy outcomes were not available for all pregnancies 
that ended before reaching 20 weeks’ gestation, as these 
are captured less systematically in the birth registry. Such 
pregnancies could represent early losses or terminations, 
which would most likely result in an underestimation of 
the association between double-positive multiple marker 
screening results and pregnancy outcomes given the 
higher proportion of pregnancies without an outcome 
recorded in the group with double-positive results. This 
would also apply to chromosomal abnormalities, as their 
incidence would be expected to be higher among preg-
nancy losses and terminations.

An additional limitation is possible misclassification 
of chromosomal abnormalities since not all pregnan-
cies receive cytogenetic testing. We included a follow-up 
period of a minimum of three months after birth to iden-
tify the results of postnatal cytogenetic testing, but for 
some conditions with more subtle clinical features that 
may not prompt cytogenetic investigations prior to three 
months of age, a cytogenetic diagnosis may not have 
yet been established. The misclassification could poten-
tially be differential, due to surveillance bias in pregnan-
cies with double-positive screening results, resulting in 
a potential overestimation of the risk of chromosomal 
abnormalities in pregnancies in this group.

Clinical and research implications
To our knowledge, only a descriptive case series and 
small comparative study exist on the topic of double-
positive screening results [5, 7]. Similar to our study, the 
comparative study found an increased risk of pregnancy 
loss and termination of pregnancy among 33 pregnancies 
with double-positive results, along with a lower gesta-
tional age at birth and lower birth weight [5]. The study 
was underpowered to identify associations with the other 
outcomes investigated, including preterm birth, low birth 
weight, and preeclampsia, whereas our study had a much 
larger sample. Further, the population in that prior study 
included only pregnancies with normal prenatal diagno-
sis investigations on karyotype, which could represent a 
higher risk population if additional findings other than 
the screening result led them to have prenatal diagno-
sis. Our study therefore brings important evidence to 
confirm that pregnancies with double-positive multiple 
marker screening results are at increased risk of adverse 
perinatal outcomes, including preterm birth. Addition-
ally, our study produced findings that are more applicable 
to current practice than previous studies: chromosomal 
microarray is now routinely offered in the context of 
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prenatal diagnosis and incorporating microarray results 
enabled us to identify additional chromosomal abnor-
malities beyond those that could be detected by karyo-
type investigations.

Given that many jurisdictions offer similar multiple 
marker screening modalities, the results of our study may 
be applicable to other settings. Indeed, although uptake 
of cfDNA screening has had a major impact on the pre-
natal screening landscape, most publicly funded screen-
ing programs still offer multiple marker screening as the 
main screening modality due to the higher cost of cfDNA 
screening [2, 4, 20].

Our conclusions are broadly important to inform cli-
nicians and screening programs about the potential 
increased risk of adverse perinatal outcomes for this 
rare but clinically important finding, which could inform 
follow-up testing and monitoring of the pregnancy. Our 
findings indicate that a double-positive result may be 
indicative of chromosomal abnormalities other than tri-
somies 21 and 18, including some abnormalities that are 
not routinely identified by cfDNA screening; this may 
inform the type of follow-up investigations offered and 
clinical management following a double-positive result. 
Indeed, the findings of this study will provide useful 
information about elevated risk to counsel patients when 
a double-positive result is identified, allowing them to 
determine if they wish to have prenatal diagnosis as a first 
intention rather than cfDNA screening given the high 
probability of identifying a chromosomal abnormality. 
For example, cfDNA screening could result in (1) a high-
risk result that would need to be confirmed through pre-
natal diagnosis; (2) a low-risk result, in which case there 
would remain a residual risk of chromosomal abnormali-
ties not identifiable on cfDNA screening; or (3) a failed 
screen that could delay the investigations.

Although a consistent signal of increased risk among 
pregnancies with double-positive results was observed 
across different adverse perinatal outcomes, more infor-
mation about the underlying mechanism is needed to 
inform how best to care for these patients. Given the 
observed biomarker patterns and their relation to pla-
cental function [21, 22], we postulate that placenta-medi-
ated factors could play a key role in the mechanism by 
which double-positive results are associated with adverse 
perinatal outcomes. Investigating the role of structural 
defects in mediating the association between double-
positive results and chromosomal abnormalities, preg-
nancy outcome, and adverse neonatal outcomes would 
also be important future research directions.

Conclusions
This population-based cohort study provides robust evi-
dence to support previous notions that, although rare, 
double-positive multiple marker screening results are 

associated with an increased risk of adverse perinatal 
outcomes compared to pregnancies with screen nega-
tive results. Pregnancies with double-positive results are 
at increased risk of preterm birth, which can contribute 
to adverse perinatal and child health outcomes. They 
are also at an increased risk of chromosomal abnor-
malities beyond trisomies 21 and 18 and are less likely 
to result in a live birth. These findings should be taken 
into consideration in patient counselling and program 
decisions regarding follow-up investigations and clinical 
management.

Abbreviations
cfDNA	� cell-free DNA
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