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Abstract
Objective: To compare the predictive performance for preterm- pre- eclampsia (PE) 
in first- trimester screening by serum placental growth factor (PlGF) versus preg-
nancy associated plasma protein- A (PAPP- A), in combination with maternal risk 
factors, mean arterial pressure (MAP) and uterine artery pulsatility index (UtA- PI), 
after adjustment for the effect of aspirin in women receiving this treatment.
Design: Non- intervention multicentre screening studies for PE in singleton 
pregnancies.
Setting: Maternity hospitals.
Population: Two independent prospective studies of 8775 and 16 451 women with 
singleton pregnancies attending for routine assessment at 11+0– 13+6 weeks' gestation.
Methods: The competing risks model was used to estimate patient- specific risks of 
delivery with PE at <37 weeks' gestation based on maternal risk factors and combi-
nations with MAP, UtA- PI and either PlGF or PAPP- A. McNemar's test was used to 
compare the detection rate (DR) of preterm- PE of screening utilising PlGF versus 
PAPP- A, after adjustments for the effects of aspirin.
Main outcome measure: Predictive performance for preterm- PE.
Results: In the combined data of 25 226 women, including 678 (2.7%) who developed PE, 
there were 194(0.8%) with preterm- PE. Addition of PlGF improved the DR of preterm-
 PE, at 10% screen positive rate, by 18.4% (95% CI 12.2– 24.6) in screening by maternal 
risk factors, by 19.9% (95% CI 13.6– 26.2) in screening by maternal factors and MAP, and 
by 7.0% (95% CI 2.3– 11.6) in screening by maternal factors, MAP and UtA- PI. PAPP- A 
did not significantly improve the DR provided by any combination of biomarkers.
Conclusion: The predictive performance of first trimester PlGF for preterm- PE is 
superior to that of PAPP- A.
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1 |  I N TRODUC TION

First trimester assessment of risk for preterm pre- eclampsia 
(PE) is beneficial because treatment of the high- risk group 
with aspirin (150  mg/day from 11– 14  weeks' gestation to 
36  weeks) reduces the rate of preterm- PE with delivery at 
<37  weeks by about 60%.1,2 The method of identifying the 
high- risk group was the competing risks model, which com-
bines maternal risk factors and biomarkers.3- 5 Development 
of the competing risks model based on maternal charac-
teristics and medical history was derived from the study of 
120 492 singleton pregnancies undergoing screening at 11– 
13 weeks' gestation; factors contributing to the risk of PE in-
cluded age, weight, height, racial origin, parity, personal and 
family history of PE, chronic hypertension, diabetes mellitus, 
systemic lupus erythematosus or antiphospholipid syndrome, 
method of conception and interpregnancy interval.4 In a sub-
sequent first- trimester screening study of 35 948 singleton 
pregnancies, we extended the model to include uterine artery 
pulsatility index (UtA- PI), mean arterial pressure (MAP), 
serum pregnancy associated plasma protein- A (PAPP- A) 
and placental growth factor (PlGF) multiple of the median 
(MoM) values.5 The detection rate of preterm- PE, at a 10% 
false- positive rate, increased from about 50% in screening by 
maternal risk factors alone, to 70% with the addition of MAP 
and UtA- PI, and then to 75% with the further addition of 
PlGF; PAPP- A improved the prediction of maternal risk fac-
tors by 4%, but had no additive effect to the combination of 
MAP and UtA- PI or MAP, UtA- PI and PlGF.5 The predictive 
performance of the competing risks model was subsequently 
validated in two multicentre, non- intervention studies in 
8775 and 16 451 women with singleton pregnancies; in both 
studies there was a very high discrimination between affected 
and unaffected pregnancies and good agreement between the 
predicted risks and observed incidence of PE.6- 8

We recently reported results from a study comparing the 
performance of screening with PAPP- A and PlGF in 57 131 
pregnancies including 452 (0.8%) with preterm- PE.9 When 
used in combination with maternal risk factors, MAP and 
UtA- PI, with a screen positive rate of 10%, the detection rate 
for preterm- PE with PlGF was superior to that with PAPP- A 
(74.1% versus 67.1%), increasing the detection rate by (7.1%; 
95% CI 3.8– 10.6%; P  =  0.0001). The study was considered 
to be non- interventional because women and their medical 
team were not given the risks from screening and they did not 
receive aspirin on the basis of such risks.5,6,7,9 However, the 
medical teams would have been aware of the PAPP- A results 
and may have recommended aspirin if the level of PAPP- A 
was low.10 This would have introduced bias against the pre-
dictive performance of PAPP- A and may in part have con-
tributed to our finding that the predictive performance for 
preterm- PE of PAPP- A was poor in comparison with PlGF.

The objective of this study is to compare the predictive 
performance for preterm- PE in first- trimester screening by 
serum PlGF with that using PAPP- A, in combinations with 
maternal risk factors, MAP and UtA- PI, after adjustment for 
the effect of aspirin in patients who received this medication.

2 |  M ETHODS

2.1 | Study populations

This study is based on data from 25 226 women includ-
ing 194 (0.8%) who delivered preterm with PE. These data 
were taken from two previously reported prospective non- 
interventional studies of screening for pre- eclampsia at 11+0 
to 13+6 weeks.4,5 The studies were chosen because they satis-
fied the following criteria:

• risk information was not provided to the women or their 
obstetricians;

• there was no planned intervention with aspirin;
• aspirin treatment was ascertained as fully as possible;
• the risks were computed prospectively using the algorithm 

developed and parameterised independently.4,5

These criteria make this an independent prospective eval-
uation, with relatively low intake of aspirin, but that can be 
adjusted for the effect of aspirin treatment.

The first study, referred to as SQS (screening quality study), 
was comprised of 8775 singleton pregnancies undergoing 
first- trimester screening for PE, using the competing risks 
model,3 in 12 maternity hospitals in England, Spain, Belgium, 
Italy and Greece, between February and September 2015.6 This 
study was carried out before ASPRE (Combined Multimarker 
Screening and Randomized Patient Treatment with Aspirin 
for Evidence- Based Preeclampsia Prevention) trial 1 and was 
primarily designed to examine the feasibility of multicentre 
screening and establish methods for quality assurance of the 
biomarkers. The results from screening were not made avail-
able to the patients or their obstetricians. The second study, 
referred to as SPREE, was a multicentre cohort study in 16 451 
women carried out in seven National Health Service maternity 
hospitals in England, between April and December 2016.7 This 
study was specifically designed to examine the performance 
of screening by the competing risks model in comparison 
with that of the method advocated by the National Institute 
for Health and Clinical Excellence (NICE);11 the results from 
screening by the competing risks model were not made avail-
able to the patients or their obstetricians.

In both studies, women with singleton pregnancies in the 
participating hospitals had a routine examination at 11+0– 
13+6 weeks' gestation. This visit included, first, recording of 

Tweetable abstract: The predictive performance for preterm pre- eclampsia of 
first trimester PlGF is superior to that of PAPP- A.
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maternal characteristics and medical history,4 second, mea-
surement of the left and right UtA- PI by transabdominal co-
lour Doppler ultrasound and calculation of the mean PI,12 
thirdly, measurement of MAP by validated automated devices 
and standardised protocol,13 and fourthly, measurement of 
serum concentration of PlGF and PAPP- A (DELFIA Xpress 
system, PerkinElmer Life and Analytical Sciences, Waltham, 
MA,USA or BRAHMS KRYPTOR analyser, ThermoFisher 
Scientific, Hennigsdorf, Germany). The measurements of 
MAP were carried out by healthcare assistants or sonogra-
phers who had received specific training for this purpose and 
measurements of UtA- PI were performed by doctors or so-
nographers who had obtained the Fetal Medicine Foundation 
Certificate of Competence in Doppler ultrasound. In both 
studies, quality control was applied on a monthly basis to 
achieve consistency of measurement of biomarkers across 
different hospitals throughout the duration of the study. The 
distribution of measurements of MAP and UtA- PI were re-
ported to the coordinator who provided feedback and, if nec-
essary, retraining of the personnel with large deviations from 
the expected values. Similarly, the laboratories were pro-
vided with diagnostics for PlGF and PAPP- A measurements 
so that appropriate corrective actions could be undertaken. 
Gestational age was determined from the fetal crown– rump 
length.14 The women gave written informed consent to par-
ticipate in the studies, which were approved by the relevant 
research ethics committee in each participating hospital.

The inclusion criteria were singleton pregnancy undergo-
ing first trimester combined screening for PE and subsequently 
delivering a morphologically normal live birth or stillbirth at 
≥24 weeks' gestation. We excluded pregnancies with aneuploi-
dies and major fetal abnormalities and those ending in termi-
nation, miscarriage or fetal death before 24 weeks. There was 
no patient involvement in the design of the study.

2.2 | Study funding

This study was supported by grants from the Fetal Medicine 
Foundation (UK Charity No: 1037116). Reagents and equip-
ment for the measurement of serum placental growth factor 
were provided free of charge by Roche Diagnostics and by 
PerkinElmer Life and Analytical Sciences. These bodies had 
no involvement in the study design; in the collection, analysis 
and interpretation of data; in the writing of the report; or in 
the decision to submit the article for publication.

2.3 | Definition of pre- eclampsia

Data on pregnancy outcome were collected from the hospi-
tal maternity records or the women’s general medical prac-
titioners. The obstetric records of all women with chronic 
hypertension or pregnancy- associated hypertension were 
examined to determine the diagnosis of PE. This was based 
on the finding of new onset hypertension (systolic blood 
pressure of ≥140  mm Hg or diastolic blood pressure of 

≥90  mmHg on at least two occasions 4  hours apart devel-
oping after 20  weeks' gestation in previously normotensive 
women) or chronic hypertension and at least one of the fol-
lowing: proteinuria (≥300  mg/24  h or protein to creatinine 
ratio ≥ 30 mg/mmol or ≥2 + on dipstick testing), renal insuf-
ficiency with serum creatinine >97 μmol/l in the absence of 
underlying renal disease, hepatic dysfunction with blood con-
centration of transaminases more than twice the upper limit 
of normal (≥65 IU/l for our laboratory), thrombocytopenia 
(platelet count <100 000/microl), neurological complications 
(e.g. cerebral or visual symptoms) or pulmonary oedema.15

2.4 | Outcome measure

The outcome measure was the predictive performance for 
preterm- PE of PlGF in comparison with PAPP- A, after ad-
justments for the effects of aspirin in women receiving this 
treatment, assessed as areas under the receiver operation 
characteristic (ROC) curves and detection rate at 10% screen 
positive rate.

2.5 | Statistical methods

Risks of delivery with PE at <37 weeks' gestation were calcu-
lated using the competing risks approach.3 In this approach, 
every woman has a personalised distribution of gestational 
age at delivery with PE, and whether she develops PE or not 
before a specified gestational age depends on competition be-
tween delivery before or after development of PE. The per-
sonalised distribution comes from the application of Bayes 
theorem to combine a prior distribution, determined from 
maternal demographic characteristics and medical history 
with likelihoods from biomarkers. At 11– 13  weeks’ gesta-
tion, useful biomarkers for subsequent development of PE 
are MAP, UtA- PI, PlGF and PAPP- A. The measured values 
for these biomarkers are expressed as multiples of the me-
dian (MoM) after adjustment for gestational age, weight, race, 
method of conception, medical conditions, elements from the 
obstetric history associated with the individual on whom they 
are measured, and the instrument used for measurement. The 
posterior distribution of gestational age at delivery with PE is 
obtained using Bayes theorem by multiplying the prior prob-
ability density from maternal factors by the likelihood func-
tion from biomarker MoM values.

Risks were computed using the same pre- specified al-
gorithm with pre- specified parameters.5 McNemar's test 
was used to compare differences in detection rates between 
screening with and without PlGF and PAPP- A, for fixed 
screen positive rates of 10%. Areas under the ROC curves 
were compared using the DeLong test.16

Prevention of PE by treatment with aspirin in a high- risk 
group converts outcomes that would, without aspirin, be true 
positives into false positives and biases the assessment of screen-
ing performance. When aspirin treatment is given in those with 
low PAPP- A MoM values, this would bias comparisons against 

 14710528, 2022, 8, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17096 by <

Shibboleth>
-m

em
ber@

kcl.ac.uk, W
iley O

nline L
ibrary on [30/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 1311
SERUM PLGF COMPARED WITH PAPP- A IN FIRST TRIMESTER SCREENING FOR PRETERM PRE- 
ECLAMPSIA: ADJUSTING FOR THE EFFECT OF ASPIRIN TREATMENT 

screening tests including PAPP- A. To remove this bias, 10 data-
sets were generated in which cases of preterm- PE prevented 
by aspirin were replaced by cases. These without- aspirin data-
sets were produced by simulating outcomes for women who 
received aspirin in the original dataset and delivered without 
preterm- PE. For those who were treated with aspirin and did 
not have preterm- PE, the without- aspirin outcome, either 
preterm- PE or not, was simulated from a probability model 
using the risk of preterm- PE to determine the outcome prob-
ability. This process of imputation was implemented with 
Markov chain Monte Carlo methods using a model in which 
the incidence of PE that would have occurred, had it not been 
for the effect of treatment, was determined from a logistic re-
gression model dependent on the logit transformation of risk 
using all four biomarkers (MAP, UtA- PI, PlGF and PAPP- A). 
The imputation model assumed that aspirin reduced the inci-
dence of preterm- PE by a pre- specified probability of 0.62, as 

found in ASPRE.1 Estimates from the 10 without- aspirin data-
sets were pooled using Rubin's Rules.17

The WINBUGS software was used for multiple imputa-
tion of preterm- PE that were prevented by treatment with 
aspirin (Appendix S1).18 R software was used for other anal-
yses.19 The package pROC was used for the ROC curve anal-
ysis.20 The MICE package was used for pooling estimates 
from the multiple imputations.21

3 |  R E SU LTS

3.1 | Study population

Characteristics of the study populations are summa-
rised in Table  1. In SPREE,7 5.3% (870/16451) of women 
reported that they took aspirin during pregnancy, but 

T A B L E  1  Maternal and pregnancy characteristics of the study populations

Variables
SQS6

(n = 8775)
SPREE7

(n = 16 451)

Maternal age in years, median (IQR) 31.5 (27.3– 35.0) 31.5 (27.4– 35.1)*

Maternal weight in kg, median (IQR) 66.5 (59.0– 77.0) 67.0 (59.2– 78.0)*

Maternal height in cm, median (IQR) 164.5 (160.0– 169.0) 165.0 (160.0– 169.0)*

Body mass index in kg/m2, median (IQR) 24.5 (21.9– 28.4) 24.7 (22.0– 28.7)*

Gestational age in weeks, median (IQR) 12.7 (12.3– 13.1) 12.9 (12.4– 13.3)*

Racial origin

White, n (%) 6883 (78.4) 11 922 (72.5)

Black, n (%) 1090 (12.4) 2337 (14.2)

South Asian, n (%) 462 (5.3) 1361 (8.3)

East Asian, n (%) 154 (1.8) 407 (2.5)

Mixed, n (%) 186 (2.1) 424 (2.6)

Conception

Natural 8483 (96.7) 15 765 (95.8)

In vitro fertilisation 227 (2.6) 561 (3.4)

Assisted by use of ovulation drugs 64 (0.7) 125 (0.8)

Medical history

Chronic hypertension 100 (1.1) 137 (0.8)

Diabetes mellitus type 1 31 (0.4) 46 (0.3)

Diabetes mellitus type 2 37 (0.4) 71 (0.4)

SLE/APS 19 (0.2) 39 (0.2)

Cigarette smokers, n (%) 732 (8.3) 1105 (6.7)

Family history of pre- eclampsia, (n, %) 339 (3.9) 535 (3.3)

Parity

Nulliparous, n (%) 4127 (47.0) 7587 (46.1)

Parous with no previous PE, n (%) 4459 (50.8) 8483 (51.6)

Parous with previous PE, n (%) 189 (2.2) 381 (2.3)

Aspirin treatment 196 (2.2) 870 (5.3)

Pre- eclampsia

Total, n (%) 239 (2.7) 439 (2.7)

Delivery <37 weeks, n (%) 59 (0.7) 135 (0.8)

APS, antiphospholipid syndrome; IQR, interquartile range; SLE, systemic lupus erythematosus.
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only 18 (0.1%) took 150 mg/day starting from <16 weeks' 
gestation and continuing to 36  weeks or delivery, which 
is the dose and duration of treatment shown in ASPRE 
substantially to reduce the rate of preterm- PE.1 In SQS,6 
2.2% (196/8775) of women took aspirin but in all cases the 
daily dose was 75  mg. In the SPREE, aspirin intake was 
associated with low PAPP- A MoM values; among the 800 
women with PAPP- A MoM values <0.4, 13.9% took aspirin 
as compared with 4.8% in those with PAPP- A levels >0.4 
MoM (P < 0.0001).7 There was no such evidence in the SQS 
population; among the 427 women with PAPP- A MoM 
values <0.4, 2.2% took aspirin as compared with 2.3% in 
those with PAPP- A MoM values of ≥0.4.6

3.2 | Predictive performance for preterm- PE

The predictive performance for preterm- PE of first tri-
mester screening by PlGF versus PAPP- A in combinations 
with maternal risk factors, MAP and UtA- PI is compared 
in Tables 2 and 3 and Tables S1 and S2, and illustrated in 
Figures 1 and 2 and Figures S1– S4. For all marker combi-
nations there is strong evidence of superiority of PlGF over 
PAPP- A, for both the original data and the data adjusted 
for aspirin treatment.

The areas under the ROC curves for preterm- PE were sig-
nificantly higher when PlGF was used, rather than PAPP- A, 
in combination with maternal risk factors, maternal risk 
factors plus MAP, maternal risk factors plus UtA- PI, and 
maternal risk factors plus MAP plus UtA- PI, both with and 
without adjustment for the effect of aspirin (Table 2, Figures 
S1– S4).

Similarly, the detection rate of preterm- PE, at 10% 
screen positive rate, in screening by any combination of 
biomarkers involving PlGF was higher than that of screen-
ing with PAPP- A (Table 3). The increase in detection rate 
from adding PlGF or PAPP- A to combinations of mater-
nal risk factors and biomarkers is shown in Figure 1 and 
Table 3. There is good agreement between the SPREE and 
SQS datasets. The benefit from the addition of PAPP- A is 
only about 5% and the upper limits on the confidence in-
tervals suggest that increases in detection rates above 10% 
can be ruled out. In contrast, addition of PlGF increases 
detection rates of screening by maternal factors or ma-
ternal factors plus MAP by about 20% and the lower con-
fidence limits suggest that increases less than 5% can be 
ruled out (Table 3, Figure 1).

Figure  2 and Table  3 show the differences in detection 
rates of preterm- PE from the addition of PlGF versus the ad-
dition of PAPP- A to maternal risk factors and combinations 
with MAP and UtA- PI. Again, there is a high degree of con-
sistency between the two datasets and in the combined data, 
PlGF is superior to PAPP- A for any combination of maternal 
risk factors with MAP and UtA- PI.

In the adjustments for aspirin use we considered only 
those who received aspirin and assumed the risk reduc-
tion to be 62%. In Tables S1 and S2 we provide data on 

the extreme assumption that all women with PAPP- A <0.4 
MoM were given aspirin and that aspirin is 100% effec-
tive in preventing preterm- PE; again, PlGF was found to 
be superior to PAPP- A for any combination of maternal 
risk factors with MAP and UtA- PI. The estimated increase 
in detection rate of preterm- PE, at 10% screen positive 
rate with addition of PlGF was about 18% in screening by 
maternal risk factors or maternal risk factors plus MAP, 
about 10% screening by maternal risk factors plus UtA- PI, 
and 8% in screening by maternal risk factors plus MAP 
plus UtA- PI. In contrast, the estimated increase in detec-
tion rate of preterm- PE, at 10% screen positive rate, with 
addition of PAPP- A was about 8% in screening by mater-
nal risk factors, 6% in screening by maternal risk factors 
plus MAP, and 5% in screening by maternal risk factors 
plus UtA- PI; there was no significant increase in detection 
rate with addition of PAPP- A to maternal risk factors plus 
MAP plus UtA- PI.

4 |  DISCUSSION

4.1 | Main findings

This study on a total of 25 226 women, including 194 (0.8%) 
who developed preterm- PE, was derived from two prospec-
tive, multicentre screening studies in which the estimated 
risks of preterm- PE were not provided to the women or their 
obstetricians and where there was good ascertainment of 
aspirin intake, which was only 4.2%. There are four main 
findings:

• in first- trimester screening for preterm- PE by maternal 
risk factors, PAPP- A improved the detection rate, at 10% 
screen positive rate, by only about 5%, but in screening 
by combination of maternal risk factors with MAP and 
UtA- PI addition of PAPP- A did not significantly improve 
the detection rate;

• screening by PlGF improved the detection rate of screen-
ing by maternal risk factors and maternal risk factors plus 
MAP by about 20% and by a combination of maternal risk 
factors, MAP and UtA- PI by about 7%;

• the areas under the ROC curves for prediction of 
preterm- PE by any combination of maternal risk factors 
with MAP and UtA- PI was significantly higher with the 
addition of PlGF than PAPP- A;

• the superior performance of screening by PlGF than 
PAPP- A persisted after adjustment for intake of aspi-
rin, even at the extreme assumption that all women with 
PAPP- A <0.4 MoM received aspirin and that aspirin was 
100% effective in preventing preterm- PE.

We have previously reported that prevention of 
preterm- PE by aspirin necessitates that the onset of treat-
ment is <16 weeks' gestation and is continued to 36 weeks 
or delivery and that the minimum daily dose of the drug is 
100  mg;1,2 in our study, 4.2% (1066/25  226) of the women 
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received aspirin but only 18 (0.07%) fulfilled the above cri-
teria. Despite this, in our adjustments for aspirin use we as-
sumed that in all cases the dose was adequate and that the 
onset and duration of therapy were appropriate, to avoid 
any potential criticism of bias against the predictive perfor-
mance of PAPP- A.

4.2 | Strengths and limitations

The strengths of the study include prospective examination 
of a large number of pregnant women in several maternity 
units covering a wide spectrum of demographic and racial 
characteristics in different European countries and there-
fore the results are likely to be generalisable. In both SQS 
and SPREE, measurement of all biomarkers was recorded in 
all cases and complete follow- up was obtained from >98% of 
participants. Consistency in data collection was maintained 

throughout the study period by ensuring adequate training 
for all investigators based on standardised protocols, regular 
monitoring and quality assurance of biomarker measure-
ments. An important strength of the study is the adjustment 
for treatment with aspirin. In this study, as shown in Tables 2 
and 3, there was a minimal impact of such adjustments be-
cause the number of patients treated with aspirin was small 
in SQS and SPREE.

In comparative studies investigating the usefulness of 
biomarkers in the prediction of uncommon events, such as 
preterm- PE, it is essential that there is a sufficient number 
of participants. If the study populations are small, sub-
stantial differences in performance may not reach statisti-
cal significance. Inference should be made on the basis of 
confidence intervals rather than P- values. Our study was 
a post hoc analysis of data from two previously reported 
studies that were individually not powered for the com-
parisons presented here. For example, as shown in Table 3 

F I G U R E  1  Increases in detection rate for 
preterm pre- eclampsia with 95% confidence 
intervals at a 10% screen positive rate from 
the addition of PAPP- A (full line) and PlGF 
(interrupted line) for the original data (left) 
and with multiple imputation of events 
prevented by treatment with aspirin (right). 
Datasets SPREE (S), SQS (Q) and combined (C)
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F I G U R E  2  Differences in detection rate 
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with 95% confidence intervals at a 10% screen 
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in the unadjusted results comparing the additive effect of 
PlGF and that of PAPP- A on the predictive performance 
for preterm- PE of screening by maternal risk factors, MAP 
and UtA- PI, there was no significant difference between 
the two biomarkers in either SQS or SPREE and signifi-
cant difference was observed only when the results from 
the two studies were combined.

4.3 | Comparison with results of 
previous studies

The findings of this study are consistent with those re-
ported previously in 57 131 singleton pregnancies, in-
cluding 452 (0.8%) that developed preterm- PE.9 In this 
previously reported study, the detection rate of preterm-
 PE, at 10% screen positive rate, by a combination of ma-
ternal risk factors, MAP and UtA- PI was improved by the 
addition of PlGF from 66.8% to 74.1%, whereas the addi-
tion of PAPP- A showed little or no benefit.9 There is some 
overlap between this and the current study with 12 030 
women from King's College Hospital in London or the 
Medway Maritime Hospital in Kent UK included in both 
studies comprising 21.1% of the 57 131 of our previously 
reported study9. In the current study PAPP- A showed little 
evidence of substantial benefit.

Our results are also consistent with those of the study of 
35 948 singleton pregnancies used for the development of the 
competing risks model utilising biomarkers; PAPP- A im-
proved the detection rate of preterm- PE, at 10% false positive 
rate, provided by maternal risk factors by only 4%, compared 
with 16% by PlGF, and had little effect on the predictive per-
formance of screening by maternal risk factors plus MAP or 
maternal risk factors plus MAP and UtA- PI.5

A retrospective nested cohort study compared first trimester 
PAPP- A and PlGF in 30 pregnancies that developed preterm- PE 
and 754 pregnancies without PE and/or birth of small- for- 
gestational- age neonates; the detection rate of preterm- PE, at 
10% screen positive rate, using a combination of maternal risk 
factors, MAP and UtA- PI was not significantly different after 
addition of PlGF (51.7%, 95% CI 32.5– 70.6) than after addition 
of PAPP- A (46.7%, 95% CI 28.3– 65.7).22 Although the authors 
reached the erroneous conclusion of equivalence of PlGF and 
PAPP- A, the failure to achieve statistical significance was the 
consequence of the small size of the study.

A multicentre observational study in China in 10 899 
women with singleton pregnancy, including 117 (1.1%) who 
developed preterm- PE, reported that the detection rate at 10% 
false positive rate of preterm- PE in screening by maternal risk 
factors, MAP, UtA- PI and PAPP- A was only 65%, but this was 
superior to the detection of 56% when PAPP- A was replaced 
with PlGF.23 One possible explanation for the poor perfor-
mance of PlGF may be related to the method of processing 
the samples; in the 13 participating hospitals, blood samples 
were centrifuged and ≥2 ml were stored at −20°C for up to 1 
week before transportation to a central laboratory where the 
samples were stored at −70°C and were then analysed within 

the subsequent 2 weeks. The authors acknowledged that they 
could not quantify the extent to which differences in room 
temperature during sample preparation between hospitals 
or differences in time of day or season might have affected 
PlGF measurement. In that study, screening performance was 
generally worse than we have found. Moreover, the distribu-
tional properties of PlGF were different, with larger standard 
deviations for log10 MoM values for PlGF than we have found 
(0.25623 versus 0.1775).

4.4 | Interpretation of results and 
implications for clinical practice

First trimester assessment of risk for preterm- PE and 
treatment of the high- risk group with aspirin reduces the 
rate of early PE by about 90% and preterm- PE by about 
60%.1 Effective assessment of risk is provided by a com-
bination of maternal risk factors, MAP, UtA- PI and PlGF; 
SPREE had demonstrated that with this method the pre-
dictive performance for preterm- PE is twice as high as 
that achieved by the risk scoring system recommended by 
NICE guidelines.7,11

Serum PAPP- A is routinely used in first- trimester screen-
ing for fetal trisomies24,25 and it could therefore be argued 
that this metabolite rather than PlGF should be also used in 
screening for preterm- PE. However, PAPP- A is a relatively 
poor biomarker for preterm- PE and is only of substantial 
benefit when used without UtA- PI, in which case, for a 10% 
screen positive rate, it improves the detection rate by about 
5%, whereas addition of PlGF improves the detection rate by 
about 20%. When used in combination including UtA- PI, 
PlGF increases detection rate by around 5%.

Fifteen years ago, effective first- trimester screening for 
fetal trisomies was implemented in all maternity hospitals 
in the UK within a few months of the appropriate decision 
being taken by the National Screening Committee and 
NICE.26 The same infrastructure can now be used to expand 
the aims of first- trimester screening to include identification 
of women at high- risk of developing preterm- PE and sub-
stantially reducing such risk through the prophylactic use of 
the appropriate dose of aspirin.

5 |  CONCLUSION

Previous large studies of first trimester multi- marker screen-
ing for preterm- PE show that inclusion of PlGF as a marker 
has a better performance than inclusion of PAPP- A. These 
are non- intervention studies (the preterm- PE risk was not re-
ported) but some women took aspirin anyway and it is pos-
sible that their decision was based on the PAPP- A result which 
was not ‘blind’. Such a bias would favour PlGF. In this study 
we apply a statistical method called ‘imputation’ which over-
comes the potential bias. This approach allows comparison of 
the genuine contributions of serum PlGF and PAPP- A to the 
prediction of preterm- PE. We found that in first- trimester 
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prediction for preterm- PE, serum PlGF is a useful biomarker, 
whereas PAPP- A is a relatively poor biomarker.
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