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ORIGINAL ARTICLE

Preeclampsia Prevention by Timed Birth at Term
Laura A. Magee , David Wright, Argyro Syngelaki , Peter von Dadelszen , Ranjit Akolekar , Alan Wright ,  
Kypros H. Nicolaides  

BACKGROUND: Most preeclampsia occurs at term. There are no effective preventative strategies. We aimed to identify the 
optimal preeclampsia screening and timing of birth strategy for prevention of term preeclampsia.

METHODS: This secondary analysis was of data from a prospective nonintervention cohort study of singleton pregnancies 
delivering at ≥24 weeks, without major anomalies, at 2 United Kingdom maternity hospitals. At routine visits at 11 to 13 weeks’ 
(57 131 pregnancies screened, 1138 term preeclampsia developed) or 35 to 36 weeks’ gestation (29 035 pregnancies 
screened, 619 term preeclampsia), with patient-specific preeclampsia risks determined by: United Kingdom National Institute 
for Health and Care Excellence guidance, and the Fetal Medicine Foundation competing-risks model. For each screening 
strategy, timing of birth for term preeclampsia prevention was evaluated at gestational time points that were fixed (37, 38, 
39, 40 weeks) or dependent on preeclampsia risk by the competing-risks model at 35 to 36 weeks. Main outcomes were 
proportion of term preeclampsia prevented, and number-needed-to-deliver to prevent one term preeclampsia case.

RESULTS: The proportion of term preeclampsia prevented was the highest, and number-needed-to-deliver lowest, for 
preeclampsia screening at 35 to 36 (rather than 11–13) weeks. For delivery at 37 weeks, fewer cases of preeclampsia were 
prevented for National Institute for Health and Care Excellence (28.8%) than the competing-risks model (59.8%), and the 
number-needed-to-deliver was higher (16.4 versus 6.9, respectively). The risk-stratified approach (at 35–36 weeks) had 
similar preeclampsia prevention (by 57.2%) and number-needed-to-deliver (8.4), but fewer women would be induced at 37 
weeks (1.2% versus 8.8%).

CONCLUSIONS: Risk-stratified timing of birth at term may more than halve the risk of term preeclampsia. (Hypertension. 
2023;80:969–978. DOI: 10.1161/HYPERTENSIONAHA.122.20565.) • Supplement Material.
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Preeclampsia complicates 2% to 4% of pregnancies 
and is a leading cause of maternal and perinatal 
mortality and morbidity, globally.1 About one quarter 

of preeclampsia occurs at preterm gestational age, when 
there is a higher per-pregnancy risk of complications, 
compared with term disease. However, term preeclampsia 
is at least 3 times more common, so more than half of 
maternal, and a substantial proportion of perinatal, adverse 
outcomes occur in association with term disease.2 In the 
United States, it has been estimated that term preeclamp-
sia is responsible for about one-third of the 6.4 billion dol-
lars (2012) in maternal-infant costs of preeclampsia.3

There are effective strategies only for preterm 
(not term) preeclampsia prevention. Using the Fetal 

Medicine Foundation competing-risks model at 11 
to 13 weeks’ gestation (the strategy associated with 
the highest detection rate for preterm PE4) to identify 
women at high risk for preterm preeclampsia, treat-
ment with low-dose aspirin decreases preterm pre-
eclampsia by almost two-thirds.5 However, as cases of 
preterm preeclampsia prevented are likely to occur as 
term preeclampsia,5 aspirin has little or no effect on 
the overall incidence of term preeclampsia. Similarly, 
using the competing-risks model at 35 to 36 weeks 
to identify women at high risk (the strategy associated 
with the highest detection rate for term PE6), treatment 
with pravastatin does not reduce term preeclampsia or 
associated complications.7
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Planned delivery at term is an intervention worthy 
of consideration in women at high-risk for preeclamp-
sia, based on the promising results of the ARRIVE trial; 
low-risk nulliparous women offered induction at 39 
weeks (versus ongoing expectant care) less often devel-
oped gestational hypertension or preeclampsia.7 For 
women identified in early pregnancy as being at high 
risk for preterm preeclampsia and treated with aspirin, 
ARRIVE has fuelled interest in timed birth at term, at 39 
(NCT05056467) or 40 weeks.8

In this analysis, we investigated combinations of pre-
eclampsia screening approaches and timed birth strat-
egies to prevent term preeclampsia. For screening, we 
evaluated clinical risk factor scoring, the competing-
risks model at each of 11 to 13 and 35 to 36 weeks, 
and a risk-stratified approach based on the competing-
risks model. For timed birth, we evaluated strategies at 
fixed points for all high-risk women (at 37, 38, 39, or 40 
weeks) and time points dependent on preeclampsia risk.

METHODS
Data Availability
Data supporting findings of this study are available through col-
laboration from the Fetal Medicine Foundation (fmf@fetalmedi-
cine.org), upon reasonable request.

Study Populations
We undertook secondary analyses of data from 2 cohorts 
of women who attended routine hospital visits at King’s 
College Hospital, London and Medway Maritime Hospital, 
Gillingham, United Kingdom, at 11 to 13 weeks (57 131 
women, March, 2006 to March, 2017)9 or 35 to 36 weeks’ 
gestation (29 035 women, October, 2016 to September, 
2018),10 All women gave written informed consent to par-
ticipate, approved by the NHS Research Ethics Committee. 
There was no patient involvement in study design, but in a 
survey of 100 women attending their third trimester fetal 
ultrasound scan, >90% stated they would be willing to be 
cared for by risk-stratified timed birth.

Inclusion criteria for this analysis were singleton pregnan-
cies and delivery of a non-malformed liveborn or stillborn at 
≥24 weeks. We excluded pregnancies with aneuploidies and 
major fetal abnormalities, and in the 11 to 13 week cohort, 
pregnancies ending in miscarriage, termination, or other fetal 
death before 24 weeks.

The 11 to 13 weeks visit included recording of mater-
nal demographics and medical history11; weight and height; 
mean arterial pressure by validated automated devices and 
standardised protocol12; left and right uterine artery pul-
satility index (UtA-PI) by transabdominal colour Doppler 
ultrasound and calculation of mean UtA-PI13; and serum 
concentration of placental growth factor (PlGF) and 
PAPP-A (pregnancy-associated plasma protein-A; DELFIA 
Xpress system, PerkinElmer Life and Analytical Sciences, 
USA or BRAHMS KRYPTOR analyzer, Thermo Fisher 
Scientific, Germany).

The 35 to 36 weeks visit included recording of the fol-
lowing: maternal demographics and medical history11; weight 
and height; MAP12; and serum PlGF and serum sFlt-1 (soluble 
fms-like tyrosine kinase-1) by an automated biochemical ana-
lyzer (BRAHMS KRYPTOR compact PLUS; Thermo Fisher 
Scientific, Germany).

Gestational age was determined by measurement of fetal 
crown-rump length at 11 to 13 weeks’ gestation or the fetal 
head circumference at 19 to 24 weeks.

Contemporaneous management of hypertension was to 
initiate antihypertensive therapy at a blood pressure (BP) of 
150/100 mmHg.

NOVELTY AND RELEVANCE

What Is New?
Risk-stratified timing of birth at term may prevent 
term preeclampsia, for which no intervention has been 
proven effective.

What Is Relevant?
Term preeclampsia represents at least 75% of all pre-
eclampsia, a leading cause of maternal and perinatal 
mortality and morbidity, especially in under-resourced 
settings. Timed birth through labor induction is a 
widely-available intervention.

Clinical/Pathophysiological Implications?
Prevention of preeclampsia has potential to improve 
adverse pregnancy outcomes associated with term 
preeclampsia, but a randomized trial is required to 
confirm that early term birth is not associated with 
an increase in short-term neonatal (particularly 
respiratory) morbidity. Also, with successful preven-
tion of term preeclampsia, we will need to find ways 
of addressing these women’s underlying cardiovas-
cular risk, driven by shared risk factors for cardio-
vascular disease.

Nonstandard Abbreviations and Acronyms

NICE  National Institute for Health and Care 
Excellence

PAPP-A pregnancy-associated plasma protein-A
PlGF placental growth factor
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Screening
Preeclampsia risk screening strategies were based on either 
the UK National Institute for Health and Care Excellence 
(NICE) guidance for screening by clinical risk factors,14 or the 
Fetal Medicine Foundation competing-risks model, applied at 
11 to 13 or 35 to 36 weeks’ gestation.

The UK NICE supports identification in early pregnancy 
of preeclampsia clinical risk factors. Women are considered 
at high risk of preeclampsia if they have at least 1 high- or 2 
moderate risk factors14; in essence, each risk factor is treated 
as a separate screening test. The 5 high-risk factors are the 
following: hypertensive disease in previous pregnancy, chronic 
hypertension, diabetes, chronic kidney disease, and autoim-
mune disease. The 5 moderate-risk factors are the following: 
first pregnancy, age >40 years, body mass index at first visit 
of >35 kg/m2, interpregnancy interval >10 years, and family 
history of preeclampsia.14 For term preeclampsia, the detection 
rate has been estimated to be 34% (95% CI, 27–41), for a 
screen-positive rate of 10%.15 High-risk women are offered 
low-dose aspirin, which prevents >60% of preterm disease, but 
it does not reduce the incidence of term disease.5

The competing-risks model is a multivariable model for 
prediction of preeclampsia, available for use through an online 
calculator (https://fetalmedicine.org/research/assess/pre-
eclampsia/). At 11 to 13 weeks, the model includes mater-
nal demographics and medical history, mean arterial pressure, 
UtA-PI, and PlGF (but PAPP-A can be used if available from 
aneuploidy screening9); neither PlGF nor PAPP-A shows good 
performance for prediction of term preeclampsia (Table S1). At 
35 to 36 weeks, the competing-risks model includes mater-
nal demographics and medical history, mean arterial pressure, 
PlGF, and sFlt-1; for a screen-positive rate of 10%, 75% of 
subsequent preeclampsia can be detected.1 Alternatively, at 35 
to 36 weeks, risk can be divided into 5 strata for term pre-
eclampsia: (≥1 in 2), (1 in 2, to 1 in 5), (1 in 5, 1 in 20), (1 in 20, 
1 in 50), and (<1 in 50).16

Preeclampsia Diagnosis
Outcome data were collected from hospital maternity or gen-
eral medical practitioners’ records. preeclampsia was defined as 
per the American College of Obstetricians and Gynecologists.17 
Preeclampsia was defined as chronic or gestational hyperten-
sion, and development of at least one of new-onset proteinuria, 
serum creatinine >97 µmol/L in the absence of underlying 
renal disease, serum transaminases more than twice normal 
(≥65 IU/L for our laboratory), platelet count <100 000/µL, 
headache or visual symptoms, or pulmonary edema.17 Chronic 
hypertension was (systolic BP ≥140 mmHg and/or diastolic 
BP ≥90 mmHg, at least twice, 4 hours apart), documented 
before pregnancy or <20 weeks.18 Gestational hypertension 
was defined as new-onset hypertension developing at ≥20 
weeks in a previously normotensive woman.17

Gestational age at birth was determined for women in the 
high-risk stratum according to each screening strategy and for 
women who developed preeclampsia at term.

Timed Birth
We evaluated 2 timing of birth strategies for prevention of term 
preeclampsia (Table 1).

The first strategy was planned birth at a specific gestational 
age time point (of 37, 38, 39, or 40 weeks), for all high-risk 
(screen-positive) women identified at 11 to 13 or 35 to 36 
weeks. The time points of 37 and 38 weeks were chosen as 
the earliest possibilities for timed birth at term, recognizing 
that they could increase neonatal morbidity, particularly at 37 
weeks.19 Thirty-nine and 40 weeks were chosen to maximize 
the opportunity for women to go into spontaneous labor and 
minimize any potential neonatal morbidity.20 We did not evalu-
ate timed birth at 41 weeks, as this is already recommended 
to reduce the incidence of stillbirth, for the just under 20% of 
women who are yet to go into spontaneous labor.20

The second strategy was personalized, risk-stratified 
planned birth, according to the risk of preeclampsia determined 
at 35 to 35 weeks, in 5 strata (Table 1).16

Analysis
Data were summarized descriptively for the total population 
and by preeclampsia risk status. Median and interquartile range 
was used for continuous variables and number (percentage) for 
categorical variables.

For each screening strategy, we determined the detection 
rate and 95% CI for term preeclampsia.

For each timing of birth strategy, we assumed that timed 
birth at a given gestational age could prevent half of the term 
preeclampsia cases that occur within that 1-week epoch, as 
well as all preeclampsia cases that occur thereafter. Similarly, 
we assumed that half of births in a given one-week gestational 
age epoch would be timed, as well as all those thereafter; this 
was based on a 3-day induction booking window required in 
clinical care. The number-needed-to-deliver to prevent one 
case of term preeclampsia was calculated as the number of 
initiation of births required, divided by the number of term pre-
eclampsia cases prevented.

No power calculation was undertaken.

Funder’s Role
Funders had no role in design, data collection, analysis, inter-
pretation of results, write-up, or decision to submit.

RESULTS
Table 2 presents baseline characteristics, preeclamp-
sia screening details, and pregnancy outcomes for 
pregnancies screened at 11 to 13 weeks (N=57 131) 
or 35 to 36 weeks (N=29 035), as previously pub-
lished.9,10 Most women screened at 11 to 13 weeks 
were in their early 30s, and self-identified as being 
of White race, with 17% Black women, and smaller 
proportions of South Asian, East Asian, and Mixed-
race women. On average, body mass index was at 
the upper limits of normal. Few women (<3%) had 
prior chronic hypertension, diabetes, or autoimmune 
disease. Almost 10% were smokers. A small propor-
tion (3·9%) reported a family history of preeclampsia. 
Fewer than 5% of conceptions were by assisted means 
and just over half of women were parous, with 3·0% 
overall reporting prior preeclampsia. Interpregnancy 

https://fetalmedicine.org/research/assess/preeclampsia/@line 2@
https://fetalmedicine.org/research/assess/preeclampsia/@line 2@
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interval was about 3 years. Women screened at 35 to 
36 weeks were similar with regard to demographics 
and pregnancy characteristics, although average body 
mass index was higher (in the overweight range), and 
there were fewer women of Black race, although they 
still comprised 10% of the screened population.

Pregnancy outcomes were similar in the 2 screening 
cohorts (Table 2). On average, delivery was at 40 weeks, 
with about two-thirds following spontaneous onset of 
labor, and with Cesarean as the mode of birth in one-
quarter of women. Preterm preeclampsia occurred more 
often following 11 to 13 week screening (0.8%) than 
after 35 to 36 week screening (0.1%), but term pre-
eclampsia occurred with similar frequency (1138, 2.0% 
and 619, 2.1%, respectively). Average birthweight and 
birthweight centile were slightly higher in the 35 to 36 
week cohort. Stillbirth and neonatal deaths were rare in 
each cohort, but neonatal unit admission was similar, at 
about 7%.

The preeclampsia screening strategies at 11 to 
13 weeks yielded similar “screen-positive” rates (of 
≈10%) and detection rates for term preeclampsia that 
were lower with NICE (32.3%) than with the com-
peting-risks model using PAPP-A (41.1%) or PlGF 
(42.0%; Table 2).

At 35 to 36 weeks, the screen-positive and detection 
rates for term preeclampsia varied by screening strategy: 
NICE (10.9% and 31.8%, respectively), the competing-
risks model (10.1% and 66.1%, respectively), and the 

competing-risks model using stratified risk (22.2% and 
87.1%, respectively; Table 2).

Preeclampsia Screening and Timed Birth
For various screening and timing of birth strategies, 
Table 3 presents the proportion of term preeclampsia 
cases prevented, the planned deliveries required, and 
the associated number-needed-to-deliver to prevent one 
case of term preeclampsia. Calculations were based on 
the gestational age at birth with term preeclampsia and 
gestational age at birth for all women who screened-pos-
itive by a given strategy at 11 to 13 weeks’ (Table S2) 
and 35 to 36 weeks’ gestation (Table S3).

Using screening for preeclampsia risk at 11 to 13 
weeks’ gestation, and NICE criteria to identify high-risk 
pregnancies, prevention of term preeclampsia varied 
from 28.4% at 37 weeks to 5.2% at 40 weeks, planned 
deliveries required varied from 9.8% to 3.3%, respec-
tively, and number-needed-to-deliver varied from 17.3 
to 31.9, respectively (Table 3). The competing-risks 
model results were similar with use of PAPP-A or PlGF. 
With use of PlGF, prevention of term preeclampsia var-
ied from 36.5% at 37 weeks to 6.8% at 40 weeks, with 
the number-needed-to-deliver varying from 11.1 to 
18.9, respectively. With use of PAPP-A, cases of term 
preeclampsia prevented fell from 35.7% at 37 weeks 
to 7.2%, with the number-needed-to-deliver rising from 
11.5 to 18.0, respectively.

Table 1. Proposed Screening and Timing of Birth Strategies for Prevention of Term PE*

Screening strategy 11–13 wks 35–36 wks 

NICE (https://www.nice.org.uk/guidance/ng133/chapter/
Recommendations#reducing-the-risk-of-hypertensive-disorders-in-pregnancy)

✓ ✓

Competing risk model (https://fetalmedicine.org/research/assess/preeclampsia/)

  Maternal factors, MAP, UtA-PI, PlGF ✓ -

  Maternal factors, MAP, UtA-PI, PAPP-A ✓ -

  Maternal factors, MAP, PlGF, sFlT-1 - ✓

Timing of birth strategy

Planned birth for high-risk (screen-positive) pregnancies at:

  37 wks ✓ ✓

  38 wks ✓ ✓

  39 wks ✓ ✓

  40 wks ✓ ✓

Risk-stratified planned birth, according to risk of term PE - ✓

  37 wks for risk (≥1 in 2)

  38 wks for risk (1 in 2, 1 in 5)

  39 wks for risk (1 in 5, 1 in 20)

  40 wks for risk (1 in 20, 1 in 50)

  As per local policy† for risk (<1 in 50)

MAP indicates mean arterial pressure; PAPP-A, pregnancy-associated plasma protein A; PE, preeclampsia; PlGF, placental 
growth factor; sFlT-1, soluble fms-like tyrosine kinase-1; and UtA-PI, uterine artery pulsatility index.

*Risk-stratified planned birth was evaluated only in association with PE risk screening at 35 to 36 wks.
†Timed birth recommended from 41 wks to reduce stillbirth.20

https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.122.20565
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.122.20565
https://www.nice.org.uk/guidance/ng133/chapter/Recommendations#reducing-the-risk-of-hypertensive-disorders-in-pregnancy@line 2@
https://www.nice.org.uk/guidance/ng133/chapter/Recommendations#reducing-the-risk-of-hypertensive-disorders-in-pregnancy@line 2@
https://fetalmedicine.org/research/assess/preeclampsia/
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Table 2. Baseline Characteristics, PE Screening Strategies, and Pregnancy Outcomes*

Characteristic 
Screening at 11–13 wks 
(N=57 131 pregnancies) 

Screening at 35–36 wks 
(N=29 035 pregnancies) 

Demographics

  Age, y 311 (26.7–34.8) 325 (28.6–35.9)

  Race

   White 41 953 (73.4) 23 166 (79.8)

   Black 9951 (17.4) 3076 (10.6)

   South Asian 2561 (4.5) 1385 (4.8)

   East Asian 1181 (2.1) 596 (2.1)

   Mixed 1485 (2.6) 812 (2.8)

  Body mass index, kg/m2 24.7 (22.0–28.7) 28.9 (26.0–32.7)

  Medical history

   Chronic hypertension 793 (1.4) 251 (0.9)

   Diabetes type 1 221 (0.4) 80 (0.3)

   Diabetes type 2 297 (0.5) 192 (0.7)

   SLE/APS 111 (0.2) 74 (0.3)

  Smoker 5208 (9.1) 1550 (5.3)

  Family history of PE 2235 (3.9) 1164 (4.0)

Pregnancy characteristics

  Method of conception

   Spontaneous 55 264 (96.7) 27 632 (95.2)

   In vitro fertilization 1406 (2.5) 1231 (4.2)

   Ovulation drugs 461 (0.8) 172 (0.6)

  Parity

   Nulliparous 26 707 (46.7) 13 767 (47.4)

   Parous, no previous PE 28 688 (50.2) 14 614 (50.3)

   Parous, previous PE 1736 (3.0) 654 (2.3)

PE screening

  Gestational age at screening (wks) 12.7 (12.3–131.1) 36.0 (35.6–36.3)

  Interpregnancy interval, y 3.0 (2.0–4.9) 2.6 (1.6–4.4)

  Biomarkers

   MAP MoM 1.002 (0.948–1.060) 1.005 (0.954–1.058)

   UT-PI 1.018 (0.825–1.240) 0.987 (0.841–1.173)

   PAPP-A MoM 1.018 (0.701–1.267) -

   sFlt-1 MoM - 0.988 (0.712–1.427)

   PlGF MoM 0.994 (0.776–1.450) 0.983 (0.539–1.771)

Pregnancy outcomes

  Gestational age at delivery (wks) 40.0 (39.0–40.9) 40.0 (39.1–40.9)

   Iatrogenic 17 410 (30.5) 10 115 (34.8)

   Spontaneous 39 721 (69.5) 18 920 (65.2)

PE†

  Preterm 452 (0.8) 35 (0.1)

   With one/more severe features† 209/452 (46.2%) 18/35 (51.4%)

  Term 1138 (2.0) 619 (2.1)

   With one/more severe features† 531/1138 (46.7%) 278/619 (44.9%)

  Developed postnatally 39 (2.5%) 25 (3.8%)

Caesarean 15 065 (26∙4) 8104 (27∙9)

Birthweight (g) 3400 (3065–3725) 3440 (3140–3750)

Birthweight percentile 48.1 (22.1–73.7) 51.2 (26.1–75.0)

(Continued )
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For the 35 to 36 week cohort, and NICE criteria, the 
proportion of term preeclampsia prevented and number-
needed-to-deliver values were similar to those for the 
11 to 13 week cohort, varying from 28.8% of term pre-
eclampsia prevented (and number-needed-to-deliver of 
16.4) to 5.9% of term preeclampsia prevented (for num-
ber-needed-to-deliver of 23.4; Table 3). Using the compet-
ing-risks model (and a fixed screen-positive rate of 10%), 
prevention of term preeclampsia varied from 59.8% at 37 
weeks to 12.8% at 40 weeks, with the number-needed-
to-deliver just under half that with use of NICE criteria (ie, 
from 6.9 at 37 weeks to 7.0 at 40 weeks). Using a per-
sonalized timing of birth strategy based on risks of (≥1 in 
50) from the competing-risks model, prevention of term 
preeclampsia rates and number-needed-to-deliver var-
ied by risk stratum, for an overall prevention of term pre-
eclampsia of 57.2% and number-needed-to-deliver of 8.4 
(bottom of Table 3). While the highest proportion of term 
preeclampsia (59·8%) was prevented by timed birth at 37 
weeks for all women identified as being at high risk by the 
competing-risks model, this was estimated to require birth 

at 37 weeks for 8.8% of women, rather than the 1.2% 
with a risk-stratified approach, which still prevented over 
half of term preeclampsia. Figure presents graphically the 
proportions of term preeclampsia prevented and planned 
deliveries required for 35 to 36 week screening (for term 
preeclampsia risk) and timing of birth strategies presented 
in Table 3.

DISCUSSION
Summary of Results
In this prospective screening study of ≈90 000 preg-
nancies in ethnically diverse South East England, 
we demonstrated that planned early term birth may 
reduce the risk of term preeclampsia, with associated 
numbers-needed-to-deliver that are low and depen-
dent on both preeclampsia screening and timing of 
birth strategies.

Preeclampsia screening at 11 to 13 (ver-
sus 35–36) weeks was associated with higher 

Characteristic 
Screening at 11–13 wks 
(N=57 131 pregnancies) 

Screening at 35–36 wks 
(N=29 035 pregnancies) 

Stillbirth 197 (0.3) 28 (0.1)

Neonatal death 16/47 647 (0.03)‡ 4 (0.01)

Neonatal unit admission 3295/47 647 (6.9)‡ 2149 (7.4)

Performance of PE risk screening

NICE clinical criteria§

  Screen-positive 6525 (11.4%) 3170 (10.9%)

  Detection rate for term PE 368/1138 (32.3%) 197/619 (31.8%)

Competing-risks model using PlGF∥

  Screen-positive 5751 (10.1%) 2947 (10.1%)

  Detection rate for term PE 478/1138 (42.0%) 409/619 (66.1%)

Competing-risks model using PAPP-A¶

  Screen-positive 5757 (10.1%) NA

  Detection rate for term PE 468/1138 (41.1%) NA

Risk personalized from competing-risks model, 
of (≥1 in 50)∥

…  

  Risk (≥1 in 50) … 6456 (22.2%)

   Risk of (≥1 in 2) … 471 (1.6%)

   Risk of (1 in 2, 1 in 5) … 783 (2.7%)

   Risk of (1 in 5, 1 in 20) … 2370 (8.2%)

   Risk of (1 in 20, 1 in 50) … 2832 (9.8%)

  Detection rate for term PE 357/1138 (31∙4%) 539/619 (87.1%)

APS indicates antiphospholipid syndrome; MAP, mean arterial pressure; MoM, multiple of the median; PAPP-A, pregnancy-
associated plasma protein-A; PE, preeclampsia; PlGF, placental growth factor; sFlT-1, soluble fms-like tyrosine kinase-1; SLE, 
systemic lupus erythematosus; and UtA-PI, uterine pulsatility index.

*Results presented as n (%) or median (interquartile range).
†PE was defined according to ACOG.17

‡Outcomes were available for N=47 647 women recruited, 2011–2017.
§Based on 1 high or 2/more moderate risk factors (see Methods).
∥Based on 10% screen-positive rate, from the competing-risks model incorporating maternal risk factors, MAP, uterine artery 

Doppler, and serum PlGF at 11–13 wks, or maternal risk factors, MAP, serum sFlt-1, and serum PlGF at 35–36 wks.
¶Based on 10% screen-positive rate, from the competing-risks model incorporating maternal risk factors, MAP, uterine artery 

Doppler, and PAPP-A at 11–3 wks.

Table 2. Continued



ORIGINAL ARTICLE

Hypertension. 2023;80:969–978. DOI: 10.1161/HYPERTENSIONAHA.122.20565 May 2023  975

Preeclampsia Prevention by Timed Birth at TermMagee et al

numbers-needed-to-deliver and lower proportions of 
preeclampsia prevented for timed birth at fixed time 
points, from 37 to 40 weeks. Numbers-needed-to-
deliver were highest (17.3–31.9) when screening for 
preeclampsia risk was undertaken by NICE clinical cri-
teria. While numbers-needed-to-deliver were a third to 
a half lower when preeclampsia screening was done by 
the competing-risks model, there was little difference 
between use of PlGF (numbers-needed-to-deliver of 

11.1–18.9) or PAPP-A (numbers-needed-to-deliver of 
11.5–18.0) and each prevented at most 36% of term 
preeclampsia. As such, performance of all timed deliv-
ery approaches at term to prevent term preeclampsia 
was inferior when risk for term preeclampsia was deter-
mined at 11 to 13 (versus 35–36) weeks.

While preeclampsia screening at 35 to 36 
weeks was undertaken on a different cohort of 
women than those evaluated at 11 to 13 weeks, the 

Table 3. Number-Needed-to-Deliver to Avoid One Case of Term PE, According to Various Screening and Timing of Birth 
Strategies

Gestational age for 
planned birth, wks 

11–13 wks’ gestation (N=57 131 pregnancies screened for PE 
risk, N=1138 cases of term PE)

35–36 wks’ gestation (N=29 035 pregnancies screened for 
PE risk, N=619 cases of term PE)

NICE 2019* 

Competing-risks model

NICE 2019* 

Competing-risks 
model† (10% 
SPR) 

Risk-stratified  
timing of birth‡ 

Using PlGF† (10% 
SPR) 

Using PAPP-A (10% 
SPR) 

37 wks For all screen-positive women For risk for term PE 
of (≥1 in 2)

PE prevented 323/1138 (28.4%) 415.5/1138 
(36.5%)

406.5/1138 (35.7%) 178/619 (28.8%) 370/619 (59.8%) 126/619 (20.4%)

Planned deliveries 
required

5585/57 131 (9.8%) 4624/57 131 
(8.1%)

4677.5/57 131 (8.2%) 2929/29 035 
(10.1%)

2542/29 035 
(8.8%)

350/29 035 (1.2%)

Number-needed-to-
deliver

17.3 11.1 11.5 16.4 6.9 2.8

38 wks For all screen-positive women For risk for term PE 
of (1 in 2, 1 in 5)

PE prevented 222.5/1138 (19.6%) 285/1138 (25.0%) 280/1138 (24.6%) 138/619 (22.2%) 284/619 (45.9%) 90.5/619 (14.6%)

Planned deliveries 
required

4733/57 131 (8.3%) 3845/57 131 
(6.7%)

3900.5/57 131 
(6.8%)

2517/29 035 
(8.7%)

2035/29 035 
(7.0%)

509.5/29 035 
(1.8%)

Number-needed-to-
deliver

21.2 13.5 13.9 18.2 7.2 5.6

39 wks For all screen-positive women For risk for term PE 
of (1 in 5, 1 in 20)

PE prevented 128/1138 (11.2%) 167/1138 (14.7%) 166/1138 (14.6%) 88/619 (14.1%) 182/619 (29.4%) 108/619 (14.4%)

Planned deliveries 
required

3392.5/57 131 
(5.9%)

2689/57 131 
(4.7%)

2728.5/57 131 
(4.8%)

1775/29 035 
(6.1%)

1295/29 035 
(4.5%)

1242/29 035 
(4.3%)

Number-needed-to-
deliver

26.5 16.1 16.4 20.2 7.1 11.5

40 wks For all screen-positive women For risk for term PE 
of (1 in 20, 1 in 50)

PE prevented 59/1138 (5.2%) 77/1138 (6.8%) 82/1138 (7.2%) 37/619 (5∙9%) 79/619 (12.8%) 29.5/619 (4.8%)

Planned deliveries 
required

1883/57 131 (3.3%) 1453/57 131 
(2.5%)

1479/57 131 (2.6%) 868/29 035 (3.0%) 554/29 035 (1.9%) 857.5/29 035 
(3.0%)

Number-needed-to-
deliver

31.9 18.9 18.0 23.4 7.0 13.6

Risk-stratified total Summary for all 
women

PE prevented NA NA NA NA NA 354/619 (57.2%)

Planned deliveries 
required

NA NA NA NA NA 2959/29 035 
(10.2%)

Number-needed-to-
deliver

NA NA NA NA NA 8.4

MAP indicates mean arterial pressure; NA, not ap; NICE, National Institute for Health and Care Excellence; PAPP-A, pregnancy-associated plasma protein-A; PE, 
preeclampsia; PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1; and SPR, screen-positive rate.

*Based on one high or 2/more moderate risk factors (see Methods).
†Based on 10% SPR, from the competing-risks model incorporating maternal risk factors, MAP, uterine artery Doppler, and serum PlGF at 11–13 wks, or maternal 

risk factors, MAP, serum PlGF, and sFlt-1 at 35–36 wks.
‡Timed birth is planned according to the risk of term PE (see Table 1).
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numbers-needed-to-deliver and proportion of pre-
eclampsia prevented were similar when NICE criteria 
(all of which are available in early pregnancy) were 
used. The lowest number-needed-to-deliver (6.9) was 
seen with timed delivery at 37 weeks for women at 
high-risk by the competing-risks model; 59.8% of term 
preeclampsia was prevented, with 8·8% of the popula-
tion induced to achieve this. With use of a risk-stratified 
approach, for screening (competing-risks model) and 
timed birth, the number-needed-to-deliver for timed 
birth was slightly higher (8.4) and resulted in a simi-
lar proportion of term preeclampsia cases prevented 
(57.2%) but with far fewer women induced at 37 weeks 
(1.2%).

Comparison With Literature
Most preeclampsia occurs at term. In a population-
based study of >1 million births in Canada, severe 
forms of preeclampsia occurred in similar absolute 
numbers of women at term and preterm gestational 
ages.21

There is currently no effective strategy for preven-
tion of term preeclampsia. For women identified at 
11 to 13 weeks as high-risk for preeclampsia by the 

competing-risks model, aspirin has no effect on term 
PE5; and this approach identifies as high-risk less than 
half of women who will develop term preeclampsia. 
Therefore, it is not surprising that the 11 to 13 weeks 
competing-risks model using PlGF performs similarly 
and poorly, compared with the model using PAPP-A. 
For women at high risk of preeclampsia at 35 to 36 
weeks by the competing-risks model, pravastatin did 
not reduce development of term preeclampsia or other 
adverse outcomes.7

Timed birth at term represents a potential strat-
egy for preeclampsia prevention, based on the effec-
tiveness of this intervention for management of 
preeclampsia (and gestational hypertension) at term.22 
For women with chronic or gestational hypertension 
at term, observational data23,24 and small subgroups 
within trials22,25 suggest that planned early term deliv-
ery may benefit the mother; a trial is ongoing (REGIS-
TRATION: URL: https://www.clinicaltrials.gov; Unique 
identifier: ISRCTN77258279).

Timed birth at term has been shown to decrease 
term preeclampsia in nulliparous women (who are 
at increased risk of preeclampsia). In a systematic 
review of ARRIVE (6106 women)26 and 15 other tri-
als (2690 women) of nulliparous women at term, labor 

Figure. Proportion of term preeclampsia (PE) prevented and planned deliveries required for PE screening and timing of birth 
strategies.

https://www.clinicaltrials.gov
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induction (usually at 38–40 weeks), versus expectant 
care, reduced development of gestational hyperten-
sion or preeclampsia, with shorter first stages of labor 
and fewer babies with meconium-stained amniotic fluid, 
but without an impact on other perinatal outcomes or 
cesareans; however, timed birth was associated with 
more frequent use of epidural analgesia, longer mater-
nal hospitalization, and lower birth weight.27

There are no published trials of planned early term 
delivery in women at high risk of preeclampsia, based on 
NICE clinical criteria or the competing-risks model.

There is no compelling evidence that maternal risk 
is increased by induction, and randomized trials have 
demonstrated that induction decreases cesareans.28 
Although observational data on elective deliveries 
before 39 weeks have documented excess neonatal 
mortality/morbidity19 and possibly, special educational 
needs above the baseline of ~5%,29 trials of timed 
birth at term have been reassuring. In a Cochrane 
review (34 trials, >21 000 women), labor induction 
from 37 weeks (versus expectant care) was associ-
ated with fewer perinatal deaths (69% reduction), still-
births (70% reduction), babies requiring intensive care 
(12% reduction), and cesareans (10% reduction)30; 
no data were reported on child neurodevelopment. 
There were no differences between gestational age 
subgroups, or by parity or cervical status. The number-
needed-to-induce to prevent one perinatal death was 
544 (95% CI, 441–1042).

Strengths and Limitations
A strength of our study is inclusion of a large population 
of women, carefully phenotyped and screened for pre-
eclampsia in a standardized fashion. Clinicians caring for 
women in the cohort were not aware of their preeclamp-
sia risk status by the competing-risks model, which did 
not affect their gestational age at delivery.

Limitations include that clinicians were aware of 
clinical risk factors for preeclampsia, as is ethical. We 
assumed that at a given gestational age, induction 
during a 1-week epoch could both prevent half of the 
term preeclampsia cases and require induction for half 
of the number of deliveries that would have otherwise 
occurred during that week; we think this is reasonable 
given that labor induction are booked over the first few 
days of a gestational week, and it takes about 2 days for 
birth, and women in higher- (versus lower-) risk strata for 
preeclampsia go into spontaneous labor more often16; 
however, we recognize that our modeling does not take 
into account that preeclampsia could still develop post-
partum. Finally, observational studies such as ours are 
potentially confounded by indication for delivery, so it is 
not possible to estimate with any certainty the impact 
of different gestations at delivery on perinatal outcomes. 
This would require a randomized trial.

Conclusions
Risk-stratified timing of birth at term is likely to more 
than halve the risk of term preeclampsia, with fewer than 
10 inductions required per case avoided. A randomized 
trial is needed to evaluate the effectiveness and perinatal 
safety of this intervention, to ensure that a policy shift 
represents an intervention that confers benefits and is 
cost-effective.

Perspectives
Most preeclampsia occurs at term, when the majority 
of maternal and a substantial proportion of associated 
perinatal short-term adverse outcomes occur; there is 
also increased cardiovascular risk long-term, for moth-
ers and babies. As such, term preeclampsia is an out-
come worthy of avoidance, rather than one to which we 
should only react when it develops. Risk-stratified tim-
ing of birth could prevent more than half of term pre-
eclampsia, based on consideration of known maternal 
characteristics, BP, and angiogenic markers (sFlt-1 and 
PlGF). This intervention may be particularly useful in 
under-resourced settings, where the capacity to care for 
ill mothers with preeclampsia is particularly challenging, 
where the vast majority of women with preeclampsia die, 
and where timed birth can be offered easily and inexpen-
sively. However, whether any maternal and fetal benefits 
would outweigh any increase in neonatal morbidity must 
be established by randomized trials.
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