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ABSTRACT

Objective To examine the performance of screening
for early, preterm and term pre-eclampsia (PE) at
11-13 weeks’ gestation by maternal factors and com-
binations of mean arterial pressure (MAP), uterine artery
(UtA) pulsatility index (P1), serum placental growth factor
(PIGEF) and serum pregnancy-associated plasma protein-A
(PAPP-A).

Methods The data for this study were derived from
three previously reported prospective non-intervention
screening studies at 11+ 0 to 13 + 6 weeks’ gestation in a
combined total of 61 174 singleton pregnancies, including
1770 (2.9%) that developed PE. Bayes’ theorem was used
to combine the prior distribution of gestational age at
delivery with PE, obtained from maternal characteristics,
with various combinations of biomarker multiples of
the median (MoM) wvalues to derive patient-specific
risks of delivery with PE at <37 weeks’ gestation. The
performance of such screening was estimated.

Results In pregnancies that developed PE, compared to
those without PE, the MoM values of UtA-PI and MAP
were increased and those of PAPP-A and PIGF were
decreased, and the deviation from normal was greater
for early than late PE for all four biomarkers. Combined
screening by maternal factors, UtA-PI, MAP and PIGF
predicted 90% of early PE, 75% of preterm PE and 41%
of term PE, at a screen-positive rate of 10%; inclusion of
PAPP-A did not improve the performance of screening.

The performance of screening depended on the racial
origin of the women; on screening by a combination of
maternal factors, MAP, UtA-PI and PIGF and using a
risk cut-off of 1 in 100 for PE at < 37 weeks in Caucasian
women, the screen-positive rate was 10% and detection
rates for early, preterm and term PE were 88%, 69% and
40%, respectively. With the same method of screening
and risk cut-off in women of Afro-Caribbean racial origin,
the screen-positive rate was 34% and detection rates for
early, preterm and term PE were 100%, 92% and 75%,
respectively.

Conclusion Screening by maternal factors and biomark-
ers at 11-13 weeks’ gestation can identify a high propor-
tion of pregnancies that develop early and preterm PE.
© 2018 Crown copyright. Ultrasound in Obstetrics &
Gynecology © 2018 ISUOG.

INTRODUCTION

The ASPRE trial has shown that, in pregnancies
identified at 11-13 weeks’ gestation by screening with
maternal factors and biomarkers as being at high-risk for
pre-eclampsia (PE), administration of aspirin (150 mg/day
from 11-14 to 36 weeks’ gestation) reduces the rate of
early PE with delivery at < 32 weeks’ gestation by about
90% and that of preterm PE with delivery at < 37 weeks
by 60%; there was little evidence of a reduction in
incidence of PE with delivery at term’. Secondary analyses
of the ASPRE trial demonstrated that, first, the beneficial
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First-trimester PE screening

effect of aspirin depends on compliance and the reduction
in incidence of preterm PE may be about 75% in
those with compliance of >90%?2, second, there is no
heterogeneity in the aspirin effect in subgroups defined
according to maternal characteristics, obstetric history
and history of pre-existing medical conditions, except
for chronic hypertension, for which aspirin may not be
useful in the prevention of PE3, and, third, use of aspirin
reduces the length of stay in the neonatal intensive care
unit by about 70%, mainly due to a decrease in the rate
of birth at <32 weeks’ gestation because of prevention
of early PE*. Recent meta-analyses reported that aspirin
reduces the risk of preterm PE by 67%, provided that the
daily dose of the drug is > 100 mg and gestational age
at onset of therapy is <16 weeks®, and that aspirin at
a dose of >100 mg initiated at <16 weeks, rather than
> 16 weeks, may decrease the risk of placental abruption
or antepartum hemorrhage®.

The traditional approach to identify the group at
high risk for PE that would benefit from prophylactic
use of aspirin is based on risk factors from maternal
demographic characteristics and medical history, but
such an approach can identify only about 40% of
preterm PE, at a false-positive rate (FPR) of 10%’~°.
An alternative approach to screening for PE, which
allows estimation of patient-specific risks of PE requiring
delivery before a specified gestation, is to use Bayes’
theorem to combine the prior distribution of gestational
age at delivery with PE, obtained from maternal
characteristics and medical history, with the results of
various combinations of biophysical and biochemical
measurements®!%!1, Extensive research in the last decade
has led to the identification of four potentially useful
biomarkers at 11-13 weeks’ gestation: mean arterial
pressure (MAP), uterine artery (UtA) pulsatility index (PI),
serum pregnancy-associated plasma protein-A (PAPP-A)
and serum placental growth factor (PIGF)%!2-1% We
then carried out prospective screening for PE by the
combined test at 1140 to 13+ 6 weeks’ gestation in
three multicenter studies™!%!>. The first study, which
involved 35 948 pregnancies in two maternity hospitals in
England, reported that the detection rate (DR) of preterm
PE was 75% at a FPR of 10%!2. The second study, which
involved 8775 pregnancies in 12 maternity hospitals in
England, Spain, Belgium, Italy and Greece, reported that
the DR of preterm PE was 75% at a FPR of 10%!°. The
third study, which involved 16 747 pregnancies in seven
maternity hospitals in England, reported that the DR of
preterm PE was 82% at a screen-positive rate (SPR) of
10%°.

In this study, we use the data from the three
prospective screening studies, giving a combined total of
61 174 singleton pregnancies, including 1770 (2.9%) that
developed PE®!%15_ The objective is to examine, in such a
large population, the performance of screening for early,
preterm and term PE by maternal factors and different
combinations of biomarkers in the total population and in
subgroups of nulliparous and parous women of Caucasian
and Afro-Caribbean racial origin, and to recommend
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appropriate risk cut-offs for selecting the high-risk group
that could benefit from prophylactic use of aspirin.

METHODS
Study population

The data for this study were derived from three previously
reported prospective non-intervention screening studies
at 11+ 0 to 13 + 6 weeks’ gestation in a combined total
of 61174 singleton pregnancies, including 1770 (2.9%)
that developed PE. Women with singleton pregnancies
in the participating hospitals had a routine examination
at 1140 to 13 + 6 weeks’ gestation. This visit included,
first, recording of maternal characteristics and medical
history®, second, measurement of left and right UtA-PI
by transabdominal color Doppler ultrasound and calcu-
lation of mean UtA-PI'®, third, measurement of MAP by
validated automated devices and standardized protocol!”,
and, fourth, measurement of serum concentration of PIGF
and PAPP-A (DELFIA® Xpress system, PerkinElmer Life
and Analytical Sciences, Waltham, USA or BRAHMS
KRYPTOR analyzer, Thermo Fisher Scientific, Hennigs-
dorf, Germany). Gestational age was determined from
fetal crown-rump length!®. The women gave written
informed consent to participate in the studies, which were
approved by the relevant research ethics committee in
each participating country.

The inclusion criteria were singleton pregnancy under-
going first-trimester combined screening for aneuploidy
and subsequently delivering a phenotypically normal live
birth or stillbirth at >24 weeks’ gestation. We excluded
pregnancies with aneuploidy and major fetal abnormali-
ties and those ending in termination, miscarriage or fetal
death before 24 weeks.

Outcome measures were early, preterm and term
PE. Data on pregnancy outcome were collected from
the hospital maternity records or the general medical
practitioners of the women. The obstetric records of
all women with pre-existing or pregnancy-associated
hypertension were examined to determine if the condition
was PE, as defined by the International Society for the
Study of Hypertension in Pregnancy!”.

Statistical analysis

Patient-specific risks of delivery with PE at <37 weeks’
gestation were calculated using the competing-risks model
to combine the prior distribution of gestational age at
delivery with PE, obtained from maternal characteristics
and medical history, with multiples of the median
(MoM) values of MAP, UtA-PI, PIGF and PAPP-AS.
The performance of screening in the total population
and in subgroups of nulliparous and parous women
of Afro-Caribbean and Caucasian racial origin were
estimated. The original MoM equations?°=3 have been
updated and are reported in Appendix S1. The risk
calculator is available freely at the website of The Fetal
Medicine Foundation (FMF) (www.fetalmedicine.com).
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The statistical software package R was used for data
analyses”*. The package pROC?> was used for the
receiver—operating characteristics (ROC) curve analysis.

RESULTS
Characteristics of study population

The characteristics of the study population are summa-
rized in Table 1. The incidences of early, preterm and term
PE were 0.2%, 0.8% and 2.1%, respectively. Women of
Afro-Caribbean racial origin constituted 16.5% (10108
of 61 174) of the population but they contributed 48.3%,
37.1% and 30.2% to the cases of early, preterm and
term PE, respectively. Women with chronic hyperten-
sion constituted 1.3% (798 of 61174) of the population
but they contributed 16.4%, 15.8% and 10.2% to
the cases of early, preterm and term PE, respectively.
Parous women with no previous history of PE consti-
tuted 49.5% (30253 of 61174) of the population and
contributed 28.4%, 29.6% and 26.3% to the cases of
early, preterm and term PE, respectively. Parous women
with history of PE constituted 3.0% (1846 of 61174)
of the population and contributed 19.0%, 15.4% and
11.8% to the cases of early, preterm and term PE,
respectively.

Distribution of biomarkers

MoM values of the biomarkers in the PE group and
the fitted regression relationships with gestational age
at delivery are shown in Figure 1. All markers showed
more separation at earlier than later gestations and this
is reflected in their superior performance at detection of
early than late PE. It is notable that the regression lines for
UtA-PI and PAPP-A intersect 1 MoM close to term and,
therefore, these biomarkers perform poorly in screening
for late PE. Conversely, MAP shows a degree of separation
from 1 MoM at term and the performance of MAP for
term PE is relatively good.

Performance of screening for pre-eclampsia

The areas under the ROC curves and performance of
screening for PE by maternal factors and biomarkers are
given in Figure 2 and Tables 2—4. The best performance
was achieved by a combination of maternal factors
with MAP, UtA-PI and PIGF. Serum PAPP-A did not
provide significant improvement to any combination of
biomarkers which included serum PIGF.

In screening for PE, at a fixed SPR of 10%, the
risk cut-off for a screen-positive result and DR varied
according to the combination of biomarkers used for
screening (Table 2). For example, in screening by maternal
factors, the risk cut-off was 1 in 62 and the DRs for
early, preterm and term PE were 53%, 45% and 34 %,
respectively, whereas, in screening by a combination of
maternal factors, MAP, UtA-PI and PIGF, the risk cut-off
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was 1 in 66 and the respective DRs were 90%, 75% and
41%.

When the risk cut-off for PE at < 37 weeks was fixed at
1in 70 or 1 in 100, the SPR, DR and FPR varied with the
combination of biomarkers used for screening (Table 3).
For example, in screening by maternal factors at a risk
cut-off of 1 in 70, the SPR was about 12% and the DRs
for early, preterm and term PE were 53%, 48% and 37 %,
respectively.

The performances of screening at fixed risk cut-offs
of 1in 70 and 1 in 100 for women of Caucasian and
Afro-Caribbean racial origin are shown in Tables S1 and
$2.In Caucasian women, in screening by maternal factors,
MAP, UtA-PI and PIGF at a risk cut-off of 1 in 100, the
SPR was 10% and DRs for early, preterm and term PE
were 88%, 69% and 40%, respectively (Table S1). In
screening by the same method and risk cut-off in women
of Afro-Caribbean racial origin, the SPR was 34% and
the DRs for early, preterm and term PE were 100%, 92%
and 75%, respectively (Table S2). The DR and SPR of
screening for preterm PE by a combination of maternal
factors, MAP, UtA-PI and PIGF at various risk cut-offs
from 1 in 20 to 1 in 250 in women of Caucasian and
Afro-Caribbean racial origin are given in Table S3; the
ROC curves were similar for the two racial groups, but,
at the same risk cut-off, the DR and FPR were higher for
women of Afro-Caribbean than Caucasian racial origin
(Figure S1).

Performance of screening for pre-eclampsia
in subgroups

The performance of screening by maternal factors, MAP,
UtA-PI and PIGF for nulliparous and parous women of
Caucasian and Afro-Caribbean racial origin are given
in Table 4. At a risk cut-off for PE <37 weeks of 1 in
100, the DR and FPR were higher in nulliparous than
in parous women, in parous women with a history of
pregnancy with PE than in those without such history, and
in those of Afro-Caribbean in comparison to Caucasian
racial origin. In all groups, the risk of being affected
given a screen-positive result was considerably higher
than the prevalence of the disease, whereas, in those
with a screen-negative result, the risk was considerably
reduced.

The lowest risk group was found to be Caucasian
parous women with no history of PE, which comprised
34.7% (21225/61174) of the population and accounted
for 12.8% (63/493) of cases of preterm PE. In this
group of women, the DR for preterm PE was 54%
and the SPR was 3.7%; in total, 624 tests would need
to be performed for each true positive identified. The
highest risk group, Afro-Caribbean women with history
of PE, comprised 0.8% (493/61174) of the population
and accounted for 7.3% (36/493) of cases of preterm
PE. In this highest-risk group, the DR for preterm PE
was 100% and the FPR was 72.8%; in total, 14 tests
would need to be performed for each true positive

identified.
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Table 1 Maternal and pregnancy characteristics of study population of 61174 singleton pregnancies

No PE PE < 32 weeks PE < 37 weeks PE > 37 weeks
Characteristic (n=59404) (n=116) (n =493) (n=1277)
Age (years) 31.3 (27.1-35.0) 30.2 (25.8-35.1) 32.1(27.5-36.0) 31.2 (26.9-35.2)

Weight (kg)

Height (cm)

GA at screening (weeks)
Racial origin

66.6 (59.0-77.0)
165 (160-169)
12.7 (12.3-13.1)

74.8 (65.0-89.6)
163 (159-167)
12.6 (12.2-13.1)

74.0 (63.4-86.7)
163 (158-168)
12.7 (12.3-13.1)

73.0 (63.0-87.0)
164 (160-168)
12.7 (12.3-13.1)

Caucasian 43663 (73.5)
Afro-Caribbean 9539 (16.1)
South Asian 3332 (5.6)
East Asian 1383 (2.3)
Mixed 1487 (2.5)
Conception
Spontaneous 57315 (96.5)
Assisted 2089 (3.5)
Cigarette smoker 5000 (8.4)
Chronic hypertension 590 (1.0)
SLE/APS 117 (0.2)
Diabetes mellitus 470 (0.8)
Parity
Nulliparous 28014 (47.2)
Parous, no previous PE 29771 (50.1)
Parous, previous PE 1619 (2.7)
Family history of PE 2256 (3.8)
Interpregnancy interval (years) 9 (1.8-4.8)

GA at delivery (weeks) 40.0 (39.0-40.9)

29.4 (28.0-30.8)

48 (41.4) 256 (51.9) 765 (59.9)
56 (48.3) 183 (37.1) 386 (30.2)
9(7.8) 38 (7.7) 76 (6.0)

0 (0) 4(0.8) 20 (1.6)
3(2.6) 12 (2.4) 30 (2.3)
112 (96.6) 459 (93.1) 1218 (95.4)
4(3.4) 34 (6.9) 59 (4.6)
6(5.2) 30 (6.1) 70 (5.5)

19 (16.4) 78 (15.8) 130 (10.2)
0 (0) 5(1.0) 2(0.2)
4(3.4) 17 (3.4) 23 (1.8)
61 (52.6) 271 (55.0) 790 (61.9)
33 (28.4) 146 (29.6) 336 (26.3)
2 (19.0) 76 (15.4) 151 (11.8)
10 (8.6) 56 (11.4) 0 (7.0)
4.4 (2.3-7.4) 4.6 (2.6-7.6) 3.6 (2.2-6.3)

34.4 (32.1-35.9) 39.1 (38.1-40.3)

Data are presented as median (interquartile range) or 7 (%). APS, antiphospholipid syndrome; GA, gestational age; PE, pre-eclampsia; SLE,

systemic lupus erythematosus.
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pressure (MAP) (b), pregnancy-associated plasma protein-A (PAPP-A) (c) and placental growth factor (PIGF) (d) multiples of the median

(MoM) and gestational age (GA) at delivery in pregnancies with PE.

Performance of screening by NICE and ACOG
guidelines

The traditional approach to screening for PE is to identify
risk factors from maternal demographic characteristics
and medical history”®. According to the National Insti-
tute for Health and Care Excellence (NICE), in the UK,
women should be considered to be at high risk of develop-
ing PE if they have any one high-risk factor (hypertensive

© 2018 Crown copyright. Ultrasound in Obstetrics & Gynecology © 2018 ISUOG.

disease in previous pregnancy, chronic hypertension,
chronic renal disease, diabetes mellitus or autoimmune
disease) or any two moderate-risk factors (nulliparity,
age > 40 years, body mass index (BMI) > 35 kg/m?, fam-
ily history of PE or interpregnancy interval > 10 years)’. In
the USA, according to the American Congress of Obstetri-
cians and Gynecologists (ACOG), women are at high risk
of developing PE if they fulfill any of the following criteria:
PE in previous pregnancy, chronic hypertension, chronic

Ultrasound Obstet Gynecol 2018; 52: 186-195.

85U8017 SUOLILIOD a1 8jaedljdde ay) Aq peuseAcb ale seoilie O SN JO SajnJ 4oy AkeiqiauluQ /8|1 UO (SUONIPUOD-pUe-SWLR)0D A 1M Aelg 1 jeul|uo//sdny) SuonIpuoD pue swe | 8yl es *[¢z0z/zT/ST] uo Akeiqiauliuo Ao|im ‘esnupBAs sueperspenoH Aq ZTT6T Bon/zo0T 0T/10p/woo Ao |imAreiqieuljuo uABgoy/sdny wouy pepeojumod ‘Z ‘8T0Z ‘SOL069YT



190 Tan et al.
(a) 100 (b) 100 (c) 100

80 80 80
< 60 £ 60 2 60
= g g
& & s
«
e 8 8
g | g | g
3 40H o 40 o 40
° § a ¢ o
(=]

20 H 20 H 20

0 I I I I ] 0 I I I I ] 0 I I I I ]
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
False-positive rate (%) False-positive rate (%) False-positive rate (%)

Figure 2 Receiver—operating characteristics curves for prediction of early (a), preterm (b) and term (c) pre-eclampsia by maternal factors
(——) and combination of maternal factors with mean arterial pressure (MAP) (- ---), MAP and uterine artery (UtA) pulsatility index (PI)
(seemenn ), MAP and placental growth factor (PIGF) ( ) and MAP, UtA-PI and PIGF (----).

Table 2 Detection rate (DR) with 95% CI, at screen-positive rate of 10%, of pre-eclampsia (PE) with delivery at <32, <37 and > 37 weeks’
gestation in screening by maternal factors, biomarkers and their combination

Risk cut-off PE < 32 weeks PE < 37 weeks PE > 37 weeks
Method of for PE
screening <37weeks AUC DR (n=116) AUC DR (n =493) AUC DR (n=1277)
Maternal factors 1in 62 0.809 61 (52.6;43.6-61.4) 0.788 221 (44.8;40.5-49.2) 0.735 428 (33.5;31.0-36.2)
Maternal factors plus:
MAP lin 61 0.868 71 (61.2;52.1-69.6) 0.841 249 (50.5;46.1-54.9) 0.776 488 (38.2;35.6-40.9)
UtA-PI 1in 60 0.903 81 (69.8; 61.0-77.4) 0.853 288 (58.4; 54.0-62.7) 0.733 449 (35.2;32.6-37.8)
PAPP-A 1in 61 0.835 64 (55.2;46.1-63.9) 0.810 239 (48.5;44.1-52.9) 0.734 450 (35.2;32.7-37.9)
PIGF 1in 62 0.911 84 (72.4;63.7-79.3) 0.868 299 (60.6; 56.3-64.9) 0.745 441 (34.5; 32.0-37.2)
MAP, UtA-PI 1lin 61 0.934 96 (82.8; 74.9-88.6) 0.891 337 (68.4;64.1-72.3) 0.772 529 (41.4; 38.8-44.2)
MAP, PAPP-A 1in 60 0.888 76 (65.5;56.5-73.5) 0.855 275 (55.8;51.4-60.1) 0.774 499 (39.1; 36.4-41.8)
MAP, PIGF 1in 65 0.931  92(79.3;71.1-85.7) 0.895 326 (66.1;61.8-70.2) 0.777 502 (39.3; 36.7-42.0)
UtA-PL, PAPP-A 1in 60 0.906 81 (69.8;61.0-77.4) 0.861 292 (59.2; 54.8—-63.5) 0.735 464 (36.3;33.7-39.0)
UtA-PI, PIGF 1in62  0.942 94 (81.0;73.0-87.1) 0.892 330 (66.9; 62.7-70.9) 0.744 471 (36.9; 34.3-39.6)
PIGF, PAPP-A 1in 62 0.913 86 (74.1;65.5-81.2) 0.869 313 (63.5;59.2-67.6) 0.745 456 (35.7;33.1-38.4)
MAP, UtA-PIL, PAPP-A 1in 61 0.938 96 (82.8; 74.9-88.6) 0.896 336 (68.2;63.9-72.1) 0.773 518 (40.6; 37.9-43.3)
MAP, PAPP-A, PIGF 1in65  0.932 94 (81.0; 73.0-87.1) 0.896 332 (67.3;63.1-71.3) 0.777 502 (39.3; 36.7-42.0)
MAP, UtA-PI, PIGF 1in 66 0.956 104 (89.7; 82.8-94.0) 0.915 369 (74.8; 70.8-78.5) 0.776 523 (41.0; 38.3-43.7)
UtA-PI, PAPP-A, PIGF 1in 63 0.942 94 (81.0; 73.0-87.1) 0.892 336 (68.2;63.9-72.1) 0.745 471 (36.9; 34.3-39.6)
( ) ( ) ( )

MAP, UtA-PI, PAPP-A, 1in 66 0.956 104 (89.7; 82.8-94.0
PIGF

0.916 369 (74.8;70.8-78.5) 0.777 528 (41.3; 38.7-44.1

Data are given as 7 (%; 95% CI). AUC, area under the curve; MAP, mean arterial pressure; PAPP-A, pregnancy-associated plasma
protein-A; PI, pulsatility index; PIGF, placental growth factor; UtA, uterine artery.

renal disease, diabetes mellitus, systemic lupus erythe-  The NICE screen-positive group contained 53 (45.7%
matosus or thrombophilia, nulliparity, age > 40 years, (95% CI, 36.9-54.8)) cases of early PE, 207 (42.0% (95 %
BMI > 30 kg/m?, family history of PE, or conception by  CI, 37.7-46.4)) of preterm PE and 404 (31.6% (95%
in-vitro fertilization®°. CI, 29.1-34.2)) of term PE. The ACOG screen-positive
In our study population of 61 174 pregnancies, the SPR group contained 105 (90.5% (95% CI, 83.8—94.6)) cases
according to NICE guidelines was 11.5% (n =7032) and  of early PE, 440 (89.2% (95% CI, 86.2-91.7)) of preterm
according to ACOG guidelines it was 66.1% (n =40 465). PE and 1151 (90.1% (95% CI, 88.4-91.7)) of term PE.

© 2018 Crown copyright. Ultrasound in Obstetrics & Gynecology © 2018 ISUOG. Ultrasound Obstet Gynecol 2018; 52: 186-195.

85UB0| 7 SUOLILLOD BAIERID 3ol |dde au3 Aq peusenob 8e sl VO ‘8SN JO Sa|nJ o A%eiq1T8UUO /8|1 UO (SUORIPUOD-pUe-SWBH 0" &3] 1M Afe.q 1 |Bu UO//SRY) SUORIPUOD PUe SWLB L 8U} 89S *[2202/2T/ST] Uo Atelqiauliuo AB|im ‘esnuebAs suspeispenoH Aq ZTT6T Bon/z00T 0T/10p/wioo A3 | im Arelqeul|uo uABqoy/sdny wouy papeojumoq ‘Z ‘8T0Z ‘S0L069T



14690705, 2018, 2, Downloaded from https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.19112 by Hovedstadens Sygehuse, Wiley Online Library on [15/12/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

= 8
- *K1931€ SULIAIN ‘I 10308} YImoid [eauadeld L D xopur Aynesind ‘[ fy-ureioid ewseld pajenosse-£oueudaid ‘y-JJv inssaid [euaire uesw ‘YN (1D %S6 ‘%) U 10 (9,) u se udAId a1e eie(] M
(>}
491d =
(67€1) 67¢€8 (L€S=T'8% 0'1S) 189 (I'+1) T8S8 (0'+8-0"£L °L°08) 86€ (S'+1) 1488 (1'£6-1'88 ‘0'¥6) 601 (L'%1) 0868 ‘V-ddvd ‘1d-V3N ‘dVIN @
(0°ST) S668 (0°0S=9'%¥ €'L¥) 09 (Tst)6lte (9°08=T€L “T'LL) 08€ (9°ST) 96¥6 (€'€6—8°18 ‘8'88) €01 (L'ST) 6656 d9OId ‘V-ddVd Td-ViN =
(6°€T) STE8 (0'¥S=9°8% “€°IS) §S9 (T'+1) 9458 (T€8-T9L ‘6°6L) ¥6€ (S'¥T) 1988 (1°£6-1°88 ‘0°¥6) 601 (L'¥1) 0L68 d9Id Td-V3N ‘dVIN S
(S+1) TL98 (9'1S-1'9% ‘6'8%) 79 (L'+1) ¥168 (0'18-9°¢L °S°LL) T8¢ (I'ST) ¥616 (L'76-8°08 ‘6'L8) TOT (T'ST) 9676 IOl ‘V-ddVd ‘dVIN 3
(6'ST) 6756 (T°9§-£70S ¥°€S) 789 (T91) 8186 (0°€8-6'SL ‘L'6L) €6€ (9°91) LOT 0T (0'+6-8'8 °L'68) i: (£'91) 1TCOT V-ddvd 1d-V30 ‘dVIN 2
(§°ST) TI€C6 (0°0S=9'%¥ “€'L¥) 09 (L°ST) €856 (T'LL-¥769 ¥'€L) T9€ (1°91) 6186 (9°'88—6"¥L 8°T8) 9 (T91) ST66 V-ddvd ‘I91d &
(0°ST) SL68 (8°6¥—€¥¥ T'L¥) 109 (T'ST) 8616 (T08—LTL °L'9L) 8L€ (S°ST) ¥L¥6 (£76-808 ‘6°L8) NS (L°ST) 956 d9OId ‘1d-VIN 8
(9°21) 1€S 01 (1'2§-9'9% ‘€'6¥) 0€9 (8°L1) 108 0T (8'9L-6'89 ‘0°€L) 09¢€ (I'81) 990 11 (8'£8-6'€L6'18) S (T81) 19T 11 V-ddvd ‘1d-vin 2
(9%1) 6€.8 (€TS-8'9% ‘9°6¥) €€9 (8°+T) 8868 (€ 18-0%L ‘6'LL) ¥8€ (Tst) 1L26 (0'C6—86L “T°L8) :: (€°ST) TL€6 dOId ‘dVIN O
(0°2£T) 19101 (L°S§=T°0S 6'TS) 949 (€°£1) L6V 0T (6T7L=8%9 0°69) OF€ (9°LT) ¥¥L 0T (+'98-0"7L “T°08) € (L°L1) LESOT V-ddvd ‘dVIN Jm
(1°91) L+96 (L'9S=T'1S ‘0'+S) 689 (+"91) €566 (118-8"€L °L°LL) €8€ (8°91) zeTO1 (0+6-8"78 °L'68) i: (691) 9¢€01 Id-V3N ‘dVIN 3
(L'ST1) 6L£6 (€'6¥—8°€¥ ‘S 9%) ¥6S (6'ST1) 0796 CEYASWARCR VAR (T'91) 0886 (#'98-0'L ‘T°08) € (€791) €266 d91d s
(§°8T) 69011 (§TS-0LY L'6%) S€9 (8°8T) #6€ 11 (0°£9-5"8S ‘6'79) 01€ (06T) 97911 (I'SL=€8S “T°L9) 8 (T°6T) ¥0LTT V-ddvd IS
(6°LT) ¥0L 01 (L€S=T'8% 0'TS) 189 (I°8T) 000 1T (8'SL-6°L9 0'TL) SS€ (+°81) 79T 11 (#98-0CL ‘T08) € (9°8T) SSETT 1d-vin
($7£1) 18¥ 01 (8'£8—€'TS ‘T'SS) €0L (6'L1) $S8 01 (8°0L—5779 °£'99) 6T€ (T'81) L60TT (0'T8-+'99 ‘0°SL) £ (€8T) ¥ST 11 dVIN
"m.m;nm muOuumm ﬁwﬁuuumz .
(S'8T) #60 TT (TTS=L'S¥ S'8%) 619 (8'8T) 0TH 1T (L'€9-0°SS ‘¥'6S) €61 (T'6T) 0¥9 1T (TTL-6°€S ‘6'T9) €L (T'61) €TLT1 S1010¢) [EWIRIBN 8
001 W [ <3s1y 2
I91d -
(6°6) T€6S (T'SP=L6€ ¥ Th) THS (0°0T) 8609 (9°6£=1TL “T'9L) SL€ (#°0T) £9€9 (€°S6=6¥8 ¥'T6) E: (9°0T) €£¥9 ‘V-ddvd Td-V30 ‘dVIN S
(9°01) 85€9 (L T=¥'9¢ 0°6€) 86¢ (£°01) 1189 (6€£=8°59 0°0L) S¥€ (T°TT) 1929 (8'£8-6€L°6'18) § (T11) 9589 dDId ‘V-ddVd Td-Vin m
(6 ::% (0°S¥—9°6€ ‘€°TH) OFS (0°0T) 9809 (I'6L4=S"TL °S'SL) TLE (+°01) #5€9 (0+6—878 L'68) i: (9°01) 85%9 dOId ‘Id-V3N ‘dVIN b
(T°0T) $£09 (8°€P—=+'8€ ‘0'TH) TS (€°0T) 7979 (€TL=T¥9 ¥'89) LE€ (£°0T) S0S9 (T'£8-0°€L‘0'T8) ¥ (8°0T) 6659 d9Id ‘V-ddvd ‘dVIN g
(8°0T) 96%9 (€'Ly=6"TF “9'F¥) 69 (T'TT) T1£9 ($'$£=5°29 9'TL) €5€ (#'1T) £969 (0°06=8"9L S'¥8) 8 (§'11) $90L V-ddvd 1d-v ‘dVIN S
(8°0T) €£¥9 (Fob—15€ ‘L°LE) TSY (6'01) ¥T99 (I'TL-6'79 ‘T°£9) 1€€ (TT1) L989 (L'T8-€L9°6'SL) 8 (#'T1) $S69 V-ddVvd ‘A91d g
(9°0T) 8€€9 (8 T¥—+'9¢ ‘T'6€) 66F (£°0T) T6+9 (T'v£=0'99 “T0L) 9%€ (0°TT) ThL9 (8°'£8-6€L6'18) § (TTT) L£89 d9OId ‘Id-Vin o
(S'TT) £889 (T'Ty=L79€ ¥6€) €08 (L'TT) 9L0L (8°L9-F'65 L'€9) ¥I€ (0T1) so€L (§°08-9'%9 ‘c7¢L) § (121 06€L V-ddVvd ‘Id-v om
(T01) ¥809 (7 €P=1"8€ °L°0¥) 0TS (€°0T) 9979 (§TL=€¥9 9°89) 8¢€ (£°0T) 6059 (8°£8-6€L°6'18) § (8°01) ¥099 d9Id ‘dVIN -2
(€7TT) 9429 (#'9%=6'0 ‘9°€¥) LSS (9°T1) vTOL (6T9-T¥S 9°8S) 68¢ (8°T1) 17TL (T8L-6'T9°L°0L) T (6'TT) €0€L V-ddvd ‘dVIN 2
(0°TT) 0£S9 (7' Ly=6"TF “9't¥) 0LS (TTT) T6L9 (b vL=¥799 ©9°0L) 8¥€ (§°1T) TH0L (0°06—8°9L S'+8) 8 (L°T1) 0bTL 1d-V3N ‘dVIN 3
(£°0T) 0£¥9 (€°0v—0°S€ ‘9°L€) 08% (6°0T) 6859 (T69-8°09 ‘1°59) 1T€ (T'T1) 289 (TTI8-5°S9 ‘I'¥L) 9 (€°11) 0169 A91d o
(+'11) 6189 (€' TH=0'9€ 9°8€) €6¥ (9'T1) 0S0L (§°L8=1'8% ‘T°€S) T9¢ (6'T1) T¥TL (9°'69-1°CS ‘TT9) 1 (01 TresL V-ddvd -
(9°TT) +569 (0"Th=279¢ “€76€) T0S (8°TT) ¥¥12 (4'29-6°8S ‘€'€9) 1€ (Ter) eLes (0648779 9'TL) € (TTr) 9s¥L 1d-vin m
0 (€°TT) S6£9 (9°SP=T0% 8°TH) L¥S (9°TT) £902 (T'09-+"1S “8°SS) §LT (6°1T) ¥922L (I'SL—€8S “T°L9) 8 (0°T) TheL dVIN &
m nw3~n~ quuumw ﬁmﬂuwumz ..I.UL
S (TTT) 9€£9 (§6€-T+€ 879€) 0LY (S°TT) 8969 (L'TS-6'¢Y ‘€'8%) 8€T (LT1) $¥TL (€29-¥"¥t +7€S) 79 (8°TT) 907 $1030€) [EUIIEIN ¥
S 0L [ <Y1y =
e
o (L6865 =1) (LL21=u) (18909=1u) (c6+=1) (850 19=u) (9rr="u) (#L119=1) Sutuaa4ds Jo poqrous w
by ddd ¥a AdA ¥a Add ya AdS [S3pom L€ > A d JO ysiy -
m mw\mmghm‘ < Hd mw\mm\th >9d mw\mma E>Hdd W
X o
m M /€ > 38 FJ J0§ 00T Ul T < Ppue 0/ UT T < JO SJjO-IND ST m
m Je SIOMIBWOI( PUE S10108) [BuIjeW A SUIUSAIOS UL ‘UOIILISIS SY9am /¢ S pue /¢ > ‘7€ > 18 () eisdweda-a1d Jo () 9361 UonIIap pue (YJ.1) et aanisod-as[ey <(YJS) 238t aansod-uaaidg ¢ [qe], Nu_
o



192

Tan et al.

Table 4 Performance of screening for preterm pre-eclampsia (PE) by algorithm combining maternal factors, mean arterial pressure, uterine
artery pulsatility index and placental growth factor at risk cut-off of 1 in 100

Detection rate Risk of being affected given result:

Group N Prevalence SPR FPR (n (%, 95% CI)) Screen positive™® Screen negativet
All pregnancies 61174 493 (0.81) 8970 (14.7) 8576 (14.1) 394 (79.9, 76.2-83.2) 394/8970 (4.4) 99/52204 (0.2)
Nulliparous 29075  271(0.93) 5579 (19.2) 3177 ( 9) 214 (79.0, 73.7-83.4) 214/5579 (3.8) 57123496 (0.2)
No previous PE 30253 146 (0.48) 2337 (7.7) 2230 (7. 107 (73.3, 65.6-79.8) 107/2337 (4.6) 39/27916 (0.1)
Previous PE 1846 76 (4.12) 1054 (57.1) 981 (53.1) 3(96.1, 89.0-98.7) 73/1054 (6.9) 3/792 (0.4)
Afro-Caribbean 10108 183 (1.81) 3433 (34.0) 3264 (32.9) 169 (92.3, 87.6-95.4) 169/3433 (4.9) 14/6675 (0.2)
Nulliparous 3742 2(1.92) 1691 (45.2) 1624 (43.4) 7(93.1, 84.8-97.0) 67/1691 (4.0) 5/2051 (0.2)
No previous PE 5873 5(1.28) 1347 (22.9) 1281 (21.8) 6 (88.0, 78.7-93.6) 66/1347 (4.9) 9/4526 (0.2)
Previous PE 493 36 (7.30) 395 (80.1) 359 (72 8) 6 (100, 90.4-100) 36/395 (9.1) 0/98 (0.0)
Caucasian 44684 256 (0.57) 4647 (10.4) 4470 (10.1) 177 (69.1, 63.2-74.5) 177/4647 (3.8) 79140037 (0.2)
Nulliparous 22256 164 (0.74) 3293 (14.8) 3177 (14 3) 6 (70.7, 63.4-77.2) 116/3293 (3.5) 48/18963 (0.3)
No previous PE 21225 3(0.30) 782 (3.7) 748 (3. 4 (54.0,41.8-65.7) 34/782 (4.3) 29/20443 (0.1)
Previous PE 1203 29 (2.41) 572 (47.5) 545 (45 3) 7(93.1, 78.0-98.1) 271572 (4.7) 2/631 (0.3)

Data are given as 7 (%) or n/N (%), unless stated otherwise. ‘No previous PE’ and ‘Previous PE’ subgroups relate to parous women. *Same
as positive predictive value. tSame as 1 — negative predictive value. FPR, false-positive rate; SPR, screen-positive rate.

Women with chronic hypertension

In the study population, 1.3% (7 =798) of women had
chronic hypertension and, in this group, 19 (2.4%),
78 (9.8%) and 130 (16.3%) developed early, preterm
and term PE, respectively. In the women with chronic
hypertension, when screening by maternal factors, MAP,
UtA-PI and PIGF at a risk cut-off of 1 in 100, the SPR
was 82.5% and the DRs for early, preterm and term PE
were 100%, 97.4% and 89.2%, respectively.

DISCUSSION

Selection of biomarkers

In pregnancies that develop PE, MoM values of UtA-PI
and MAP at 11-13 weeks’ gestation are increased and
the values of serum PAPP-A and PIGF are decreased. For
all biomarkers, the deviation from normal is greater for
early rather than late PE and, therefore, the performance
of screening is related inversely to the gestational age at
which delivery becomes necessary for maternal and/or
fetal indications. The best individual biomarker for
preterm PE was PIGF, followed by UtA-PI and MAP and
then PAPP-A, and the best performance was achieved by a
combination of maternal factors, MAP, UtA-PI and serum
PIGF; there was no further improvement in screening by
the addition of PAPP-A.

This study provides details on the performance of
first-trimester screening for PE by all combinations of
biomarkers. However, there are various levels of complex-
ity and implications in terms of general applicability and
costs for the various components of the combined test; the
choice of which biomarkers should be used in a particular
setting will depend ultimately, not only on the basis of
performance, but also the feasibility of implementation
and health economic considerations. Recording maternal
characteristics and medical history, measurement of
blood pressure and hospital attendance at 11-13 weeks’
gestation for an ultrasound scan are an integral part of
routine antenatal care in many countries. Measurement

© 2018 Crown copyright. Ultrasound in Obstetrics & Gynecology © 2018 ISUOG.

of UtA-PI can be carried out by the same sonographers
and ultrasound machines as part of the 11-13-week scan
which is performed routinely in many countries; however,
the sonographers will require training to carry out this test
and the measurement would add 2—3 min to the current
20-30min used for the scan. Measurement of serum
PAPP-A and quality assurance for such measurement are
already in place in centers providing routine first-trimester
combined screening for Down syndrome. Measurement
of serum PIGF can be undertaken on the same sample and
by the same machines as for PAPP-A, but at a marginally
increased cost. Extensive research has established refer-
ence ranges for each biomarker, described the maternal
characteristics that affect the measurements (Appendix
S1) and developed the infrastructure for auditing of
results. The software for estimation of patient-specific
risk for PE by any combination of biomarkers is accessible
freely (www.fetalmedicine.org).

Screening for term PE

The performance of screening at 11-13 weeks’ gestation
for term PE is poor and prophylactic use of aspirin does
not reduce the incidence of term PE'. Screening for term
PE is best performed at 35+ 0 to 36 + 6 weeks’ gestation
by a combination of maternal factors, MAP, PIGF and
serum soluble fms-like tyrosine kinase-1, with a DR of
70% at a SPR of 10%?7. The rationale for such late
third-trimester screening is identification of a high-risk
group that would benefit from close monitoring to mini-
mize adverse perinatal events for those who develop PE, by
determining the appropriate time and place for delivery.

Performance of screening for preterm PE

The objective of screening at 11-13 weeks’ gestation
is the identification of a group at high risk for early
and preterm PE and the reduction of such risk, by 90%
and 60%, respectively, through the prophylactic use of
aspirin!. In our heterogeneous population, screening for
PE by a combination of maternal factors, MAP, UtA-PI

Ultrasound Obstet Gynecol 2018; 52: 186-195.
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First-trimester PE screening

and serum PIGF at 11-13 weeks’ gestation predicted
90% of early PE and 75% of preterm PE, at a fixed
SPR of 10%. The performance of screening by our
method is by far superior to that of the traditional
methods recommended by NICE and ACOG; in screening
according to NICE guidelines, the SPR was 12%, the
DR of early PE was 46% and the DR of preterm PE was
42%, and the respective values in screening according to
ACOG guidelines were 66%, 89% and 90%.

The study has highlighted that, in screening for PE at
a fixed risk cut-off, the DR, SPR and FPR are influenced
by the characteristics of the study population, which
define the prior risk, and they are higher in nulliparous
than in parous women and in those of Afro-Caribbean
than Caucasian racial origin. In all groups, after combined
screening, the risk of being affected given a screen-positive
result was increased considerably and, if the screen result
was negative, the risk was reduced considerably.

Selection of risk cut-off to define high-risk group

Randomized trials on the use of aspirin have reported that
the drug is not associated with increased risk of adverse
events and, in the case of abruption or antepartum
hemorrhage, the risk may actually be reduced®. In this
respect, it may be acceptable that, in screening for PE,
the SPR could be about 15% or even higher so as to
maximize the DR. This can be contrasted with traditional
screening for Down syndrome in which the aim was
to minimize the SPR because such a group would be
subjected to the risk of miscarriage from an invasive test;
with the advent of cell-free DNA testing, the SPR can be
increased to maximize the DR.

In a Caucasian population, for risk cut-offs of 1 in
100 and 1 in 150, the respective SPRs are about 10%
and 16%, the DRs for early PE are 88% and 94% and
the DRs for preterm PE are 69% and 81%. It would
therefore be reasonable, in screening for PE in a setting
with a predominantly Caucasian population, to use a risk
cut-off of 1 in 150 to define the high-risk group that
would benefit from prophylactic use of aspirin. However,
at such a risk cut-off, it should be anticipated that, for
women of Afro-Caribbean racial origin, the SPR would
be about 43 % with DRs of early and preterm PE of 100%
and 96 %, respectively. This is an inevitable consequence
of the fact that the prevalence of preterm PE is more than
three times as high in women of Afro-Caribbean than
Caucasian racial origin. This is analogous to screening
for Down syndrome in which the risk cut-off is fixed and
both the SPR and DR increase with increasing maternal
age. It would therefore be inappropriate, in screening for
preterm PE in a given country, to fix the SPR and define
different risk cut-offs for women of different racial origins,
because such practice would merely mask the increased
risk for PE in certain racial groups.

Selective vs universal screening

In the early stages of clinical implementation of the
first-trimester combined test for trisomy 21, in some

© 2018 Crown copyright. Ultrasound in Obstetrics & Gynecology © 2018 ISUOG.
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countries, the test was offered to the whole population,
but in others it was offered selectively to women
who were aged > 35vyears, or selectively to women
aged <3S5years while those >35years were offered
amniocentesis. However, it is now accepted that the best
approach to screening is to offer the test to the whole
population and then select the high-risk group in need of
further investigations on the basis of the patient-specific
risk derived from the combination of maternal age with a
series of biomarkers, rather than use of arbitrary cut-offs
of maternal age.

Similar discussions are likely to occur concerning the
clinical implementation of the first-trimester combined
test in screening for preterm PE. The best approach is
universal screening of the whole population. We have
demonstrated that, in women of Afro-Caribbean racial
background and in those with a history of PE, there
is a high prior risk for preterm PE. After combined
screening, in some of these women the risk is increased
substantially, whereas in others the risk is reduced
substantially to below the background risk of the whole
population. Similarly, we have reported previously that,
in ACOG or NICE screen-positive women who are
screen positive by the FMF algorithm, the incidence of
preterm PE is increased substantially, whereas, in the
FMF screen-negative group, the incidence is reduced to
within or below background levels?®.

An alternative strategy would be to carry out contingent
screening; the whole population undergoes primary
screening by a combination of maternal factors and
MAP and, on the basis of risk, a subgroup is selected
for measurements of UtA-PI and PIGF?°. The main
advantage of such an approach is savings in required
costs and resources. One option would be to apply the
NICE or ACOG criteria to the primary screen, but
the main disadvantage of this is that most cases of
preterm PE would be missed because the performance
of these criteria is very poor. Another strategy is to
screen the whole population by the NICE or ACOG
guidelines, consider the screen-positive group as being at
high risk for PE and then offer the combined test to the
screen-negative group to identify another high-risk group;
such an approach is also irrational because it increases
the FPR and fails to define the patient-specific risk and,
therefore, appropriate pregnancy management in ACOG
or NICE screen-positive women.

There is also an argument that, in screening studies,
only nulliparous women should be included because in
parous women the prevalence of PE is very low. However,
as demonstrated in this study, parous women constituted
about 50% of the population and contributed 45% of
cases of preterm PE; 30% from parous women without a
history of PE and 15% from parous women with PE in a
previous pregnancy.

Patients with chronic hypertension

Chronic hypertension, found in 1-2% of pregnancies,
is the strongest risk factor for PE compared with

Ultrasound Obstet Gynecol 2018; 52: 186-195.
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other factors in maternal demographic characteristics
and medical history®3°. A subgroup analysis of the
ASPRE trial reported that there was no evidence of
heterogeneity in the beneficial effect of aspirin in reducing
the incidence of preterm PE in subgroups defined
according to maternal age, BMI, racial origin, method
of conception, smoking, family history of PE, obstetric
history, and history of pre-existing medical conditions,
except for chronic hypertension®. Therefore, in chronic
hypertension, prophylactic use of aspirin may not be
useful in the prevention of preterm PE. It is possible that
aspirin reduces preterm PE by improving placentation and
that, in chronic hypertension, preterm PE can develop in
the absence of or in cases of less severe degree of impaired
placentation3!. The value of first-trimester screening for
PE in pregnancies with chronic hypertension is, first, to
determine the patient-specific risk and, on the basis of such
risk, determine the intensity of subsequent monitoring
during pregnancy, and, second, to investigate the potential
value of therapeutic interventions other than aspirin, such
as strict control of blood pressure or prophylactic use of
pravastatin.

Strengths and limitations

The strengths of this first-trimester screening study for PE
are, first, examination of a large population of pregnant
women attending for routine care with a gestational age
range which is used widely for assessment of risk for
chromosomal abnormalities, second, recording of data on
maternal characteristics and medical history to identify
known risk factors associated with PE, third, use of
specific methodology and appropriately trained doctors
to measure UtA-PI and MAP, fourth, use of automated
machines to provide accurate measurement within
40 min of sampling of maternal serum concentration
of metabolites that have been shown to be altered in
pregnancies associated with impaired placentation, fifth,
expression of the values of the biomarkers as MoM
after adjustment for factors that affect the measurements,
and, sixth, use of Bayes’ theorem to combine the prior
risk from maternal factors with biomarkers to estimate
patient-specific risks and the performance of screening for
PE delivering at different stages of pregnancy.

The reported indices of performance of screening
apply to the particular study population and comparison
between studies requires the appropriate adjustments for
the characteristics of the population under investigation.
Similarly, in the application of screening in different
countries, it is likely that adjustments would be necessary
for the calculation of MoM values for the biomarkers.

Conclusions

Screening for preterm PE at 11-13 weeks’ gestation
identifies a group of pregnancies that would benefit from
prophylactic use of aspirin. The performance of screening
by a combination of maternal factors, MAP, UtA-PI and
PIGF is by far superior to the traditional methods of

© 2018 Crown copyright. Ultrasound in Obstetrics & Gynecology © 2018 ISUOG.
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screening based on maternal factors alone. Screening for
preterm PE should be universal rather than selective and,
in countries with a predominantly Caucasian population,
it would be reasonable to use a risk cut-off of 1 in 150 to
define the high-risk group for treatment with aspirin.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

lail Appendix S1 Formulae for calculation of multiples of the median values of biomarkers for pre-eclampsia at

11-13 weeks’ gestation

Table S1 Detection rate (DR) and false-positive rate (FPR) of PE at <32, <37 and > 37 weeks’ gestation, and
screen-positive rate (SPR), in screening by maternal factors and biomarkers at risk cut-offs of > 1 in 70
and > 1 in 100 for PE at < 37 weeks in women of Caucasian racial origin

Table S2 Detection rate (DR) and false-positive rate (FPR) of PE at < 32, <37 and > 37 weeks’ gestation, and
screen-positive rate (SPR), in screening by maternal factors and biomarkers at risk cut-offs of > 1 in 70
and > 1 in 100 for PE at < 37 weeks in women of Afro-Caribbean racial origin

Table S3 Performance of screening for early and preterm PE by algorithm combining maternal factors, mean
arterial pressure, uterine artery pulsatility index and placental growth factor at different risk cut-offs in

women of Caucasian and Afro-Caribbean racial origin

Figure S1 Receiver—operating characteristics curves for prediction of preterm PE by maternal factors, mean
arterial pressure, uterine artery pulsatility index and placental growth factor in women of Caucasian (red) and
Afro-Caribbean (black) racial origin. Areas under the curve are similar for the two racial groups (Caucasian:
0.903 (95% CI, 0.886-0.921); Afro-Caribbean: 0.910 (95% CI, 0.889-0.931)). However, at risk cut-off of 1
in 100, DR and FPR are higher in women of Afro-Caribbean (black circle) than Caucasian (red circle) racial

origin.
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