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Hypertensive disorders of pregnancy: risk stratification and 
management
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Hypertensive disorders of pregnancy (HDP) affect 5–10% of pregnancies globally and are a leading cause of 
maternal and fetal morbidity and mortality. HDP encompasses the diagnoses of gestational hypertension, pre-
eclampsia and its severe forms (eg, eclampsia and HELLP [Haemolysis, Elevated Liver enzymes, and Low Platelets] 
syndrome), and postpartum hypertension. Despite heterogeneous pathophysiological processes, these conditions 
typically present after 20 weeks of gestation with new-onset of hypertension, with or without proteinuria, maternal 
end-organ perfusion, or uteroplacental dysfunction. In the second paper of a three-part Series on cardiovascular 
disease in pregnancy, we explore the global heterogeneity of HDP—the most common cardiovascular complication 
of pregnancy—focusing on epidemiology, definitions, screening recommendations, and management. This will 
lay the framework for understanding the long-term cardiovascular consequences of HDP, which is discussed in 
the third paper of the Series.

Introduction
Hypertensive disorders of pregnancy (HDP) are a 
leading cause of maternal morbidity and mortality, 
disproportionately affecting Black, Indigenous, and 
marginalised populations.1–3 Severe maternal morbidity 
risk is elevated across HDP phenotypes, with the 
highest burden in chronic hypertension with 
superimposed pre-eclampsia, HELLP (Haemolysis, 
Elevated Liver enzymes, and Low Platelets) syndrome, 
and early‑onset disease.4,5 Perinatal outcomes are 
similarly affected, as HDP are an important cause of 
preterm birth, fetal growth restriction, neonatal low 
birthweight, neonatal intensive care unit admission, 

respiratory morbidity, and stillbirth.6–8 In low‑resource 
settings, untreated severe hypertension and eclampsia 
continue to cause preventable maternal and perinatal 
deaths.9

There are important variations in global disease trends. 
It is postulated that the primary mechanisms contributing 
to observed ethnic and regional disparities include social 
and environmental determinants of health, traditional 
cardiovascular risk factors, systemic racial inequities, 
and health-care system factors. Global burden of diseases 
data from 2023 on age-standardised mortality from 
HDP show substantial geographical variation: from 
approximately 0·006 deaths per 100 000 population in 
several European nations to nearly 15 deaths per 
100 000 population in the Central African Republic and 
Haiti (appendix p 1).10 This more than 2500-fold gap 
between national rates far exceeds what would be 
expected from differences in underlying fertility rates 
alone, highlighting the preventable nature of maternal 
deaths as well as global health inequities. Importantly, 
although age-standardised mortality from HDP has 
declined substantially in all sociodemographic index 
regions (figure 1), mortality reductions have been 
proportionally faster in high-sociodemographic index 
settings. As a result, relative inequalities (measured by 
the mortality rate ratio between low and high 
sociodemographic index regions) have widened over 
time, probably reflecting persistent inequities in access 
to high-quality antenatal and postpartum care.

Heterogeneity in HDP definitions and 
international guidelines
There is wide agreement that the onset of hypertension 
(defined by a systolic blood pressure ≥140 mm Hg and/or 
a diastolic blood pressure ≥90 mm Hg) at or beyond 
20 weeks of gestation is a hallmark of HDP. There 
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is, however, no global consensus for HDP subtype 
classifications. Elevated blood pressure thresholds 
during pregnancy and chronic hypertension are generally 
defined in comparable terms. However, practical 
differences exist in confirmatory procedures, including 
timing of repeat blood pressure readings, use of home or 
ambulatory monitoring, and management of transient 
early elevations and postpartum disease. In the past 
decade, diagnostic criteria, particularly for pre-eclampsia, 
have evolved and differ between professional societies 
(appendix pp 2–3). These variations stem from a 
combination of factors: differing regional interpretations 
of the same clinical evidence, reliance on historical 
customs or expert consensus in areas without robust 
data, and necessary adaptations to local health-system 
capacities. Acknowledging whether these discrepancies 
are evidence-based or custom-driven is crucial to inform 
future research priorities and determine where 
international harmonisation is warranted.11

Mechanisms and pathophysiology of pre-
eclampsia
Although classified as a single entity, pre-eclampsia is a 
heterogeneous disorder with incompletely understood 
pathophysiology. The placenta is central to its pathogenesis, 
with maternal susceptibility also playing a role. The 
interplay between placental dysfunction, maternal 
cardiovascular–kidney–metabolic disease, and genetic 
predisposition probably contributes to heterogeneity of 
disease and clinical presentation.12 Evolving understanding 
of pathophysiology, particularly with respect to the 
maternal vascular system, has reframed pre-eclampsia not 
only as a pregnancy-specific disorder, but also as one with 
implications for long-term cardiovascular health, as will be 
discussed by Pabon and colleagues.13

Pre-eclampsia that arises from early abnormal 
placentation—characterised by the failure of extravillous 
trophoblasts to adequately invade the decidua and remodel 
maternal uterine spiral arteries, resulting in retained 
vascular smooth muscle, persistent vasoconstriction, and 
reduced uteroplacental perfusion14–16—is typically 
associated with earlier-onset disease, greater risk of 
maternal end-organ involvement, and fetal growth 
restriction.17 Impaired placentation results in maternal 
vascular malperfusion (eg, infarcts and acute atherosis)16 
and syncytiotrophoblast stress with the subsequent 
release of toxic factors (extracellular vesicles, angiogenic 
factors, cytokines, reactive oxygen species, etc).18 The 
ensuing maternal endothelial dysfunction manifests as 
reduced vasodilatation, systemic inflammation, and 
thrombogenesis. Clinical features reflect injury to organs 
with specialised or fenestrated endothelium, particularly 
the kidney (proteinuria), liver (hepatic dysfunction and 
HELLP syndrome), and brain (eclampsia).

Pre-eclampsia can also occur in the context of later-
onset placental dysfunction, with typical or near-typical 
early placentation (figure 2).12,18 This pathophysiology is 

less well understood but mechanisms of increased fetal 
placental demands, placental ageing, specific placental 
pathologies, and the maternal environment might 
converge on a similar downstream pathway.18

In contrast to pre-eclampsia, gestational hypertension 
appears to be a pathophysiologically distinct entity. It is 
characterised predominantly by a state of volume overload 
and high cardiac output, but placental malperfusion and 
angiogenic imbalance, which are hallmarks of pre-
eclampsia, are absent. Recent studies using placental 
RNA sequencing confirm distinct molecular signatures 
between the two conditions, indicating that gestational 
hypertension does not merely represent an early stage of 
pre-eclampsia.19,20 Nevertheless, up to half of women with 
gestational hypertension progress to pre-eclampsia, 
particularly when diagnosed before 32 weeks of gestation. 
Therefore, both conditions require close clinical 
surveillance and similar management strategies when 
severe blood pressure elevations occur.21

Among the placental factors implicated in disease 
pathogenesis, soluble fms-like tyrosine kinase 1 (sFlt-1) is 
regarded as a key pathogenic mediator.22,23 The placenta 
expresses approximately 40–50-fold more Flt-1 transcripts24 
than any other tissues, and sFlt-1 blood levels are elevated 

Figure 1: Global trends in maternal hypertensive heart disease mortality by SDI, 1990–2023
(A) Age-standardised mortality rate (deaths per 100 000 population) attributable to maternal hypertensive heart 
disease from 1990 to 2023, stratified by SDI group. Grey-shaded areas represent 95% uncertainty intervals. Time 
trends are smoothed using locally estimated scatterplot smoothing. (B) Mortality rate ratios comparing each 
SDI group with the high-middle SDI reference group for each year. Source: Institute for Health Metrics and 
Evaluation Global Burden of Disease data.10 SDI=sociodemographic index.
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in pre-eclampsia and fall rapidly after delivery (>80% within 
hours).25 Circulating sFlt-1 binds and reduces free vascular 
endothelial growth factor (VEGF) and placental growth 
factor (PlGF)—trophic factors essential for endothelial 
integrity—producing angiogenic imbalance and 
endothelial dysfunction.22 Elevated sFlt‑1:PlGF ratios 
correlate strongly with adverse maternal and fetal 
outcomes, reflecting underlying placental dysfunction.26–29 
Interestingly, VEGF-inhibiting cancer therapies—
functionally analogous to sFlt-1—can induce a 
pre-eclampsia-like syndrome, sharing key clinical 
hallmarks such as hypertension, proteinuria, and renal 
thrombotic microangiopathy, all driven by reduced VEGF 
signalling at the vascular endothelium.30–32 Given that this 
imbalance precedes clinical onset, correlates with disease 
severity, and is implicated in the pathophysiology, 
angiogenic (eg, PlGF) and anti-angiogenic (eg, sFlt-1) 
factors have emerged as biomarkers for diagnosis, risk 
stratification, and potential therapeutic targeting.

Risk factors
Several risk factors for HDPs, particularly pre-eclampsia, 
have been identified. Large systematic reviews and meta-
analyses of cohort and controlled studies, encompassing 
broad, unselected obstetric populations and frequently 
adjusting for key demographic confounders, have 
quantified their individual contributions.33,34 Based on 

these data, previous pre-eclampsia (pooled relative risk 
[RR] 8·4, 95% CI 7·1–9·9), chronic hypertension (5·1, 
4·0–6·5), and anti-phospholipid syndrome (pooled rate 
17·3%, 8·8–31·4) confer the greater risk33,34 with the 
probability of disease increasing exponentially with the 
number of coexisting risk factors.35 Categorisation of 
these risk factors into high risk and low risk forms the 
basis of current screening approaches outlined later in 
this paper.

Global variations in obesity prevalence across 
countries36—coupled with structural racial disparities that 
disproportionately increase pre-eclampsia risk in Black 
women37—create diverse demographic risk profiles. 
Because these factors interact non-additively,38 and 
preventive interventions show differential efficacy across 
populations,39 international guidelines appropriately diverge 
(eg, American College of Obstetricians and Gynecologists 
[ACOG] vs National Institute for Health and Care Excellence 
[NICE]).40 Tailoring predictive models and management 
strategies to specific regional contexts is therefore essential 
to ensure that interventions are universally beneficial.

Prediction models and screening
Prediction and screening for HDP focus primarily on 
pre-eclampsia due to its large clinical impact and 
opportunities for intervention. Early identification of 
individuals at risk allows initiation of low-dose aspirin 

Figure 2: From pathogenesis to clinical manifestations: pre-eclampsia results from an interplay of dysfunction of the placenta and maternal vascular systems
HELLP=Haemolysis, Elevated Liver enzymes, and Low Platelets. sEng=soluble endoglin. sFlt-1=soluble fms-like tyrosine kinase-1.
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Figure 3: Risk factors for pre-eclampsia outlined by guidelines as intended to guide low-dose aspirin prophylaxis
Asterisks (*) denote factors included in risk stratification but not further graded. Dashes (–) denote factors not included in the guideline. Green boxes show guidelines 
that share the specification (or a similar specification) to that noted on the left of the diagram. References are listed in the appendix (pp 4–6). ACOG=American 
College of Obstetricians and Gynecologists. APLS=antiphospholipid syndrome. ART=assisted reproductive technologies. CVD=cardiovascular disease. DBP=diastolic 
blood pressure. ESC=European Society of Cardiology. FIGO=International Federation of Gynecology and Obstetrics. FMF=Fetal Medicine Foundation. 
FOGSI=Federation of Obstetric and Gynaecological Societies of India. FMF=Fetal Medicine Foundation. HTN=hypertension, HDP=hypertensive disorders of pregnancy. 
ICSI=intracytoplasmic sperm injection. ISSHP=International Society for the Study of Hypertension in Pregnancy. IVF=in-vitro fertilisation. LBW=low birthweight. 
MAP=mean arterial pressure. NICE=National Institute for Health and Care Excellence. PMOS=polyendocrine metabolic ovarian syndrome. RBEHG=Rede Brasileira de 
Estudos sobre Hipertensao ne Gestecao (Brazilian Network for Studies on Hypertension in Pregnancy). SASOG=South African Society of Obstetricians and 
Gynaecologists. SBP=systolic blood pressure. SGA=small for gestational age. SLE=systemic lupus erythematosus. SOGC=Society of Obstetricians and Gynaecologists 
of Canada. SOMANZ=Society of Obstetric Medicine of Australia and New Zealand. USPSTF=US Preventive Services Task Force.

Chronic hypertension 

Type 1 or type 2 diabetes 

Chronic kidney disease

Autoimmune disease (eg, SLE and APLS)

History of preeclampsia 

Multifetal gestation 

History of other HDP

Use of ART

BMI

Blood pressure 

Nulliparity 

Family history (mother or sister) 

Pregnancy interval >10 years 

Short duration of sperm exposure 

Maternal age 

Maternal height 

Obstetric  history (LBW, SGA, and adverse outcomes) 

Other maternal conditions 

Low socioeconomic status 

Black race (proxy for racism)

Oocyte donation 
or surrogacy
IVF/ICSI

>30 kg/m²

>30 kg/m² >30 kg/m² >30 kg/m² >30 kg/m²>35 kg/m²

SBP >130 mm Hg 
and/or DPB >80 mm Hg

MAP >85 mm Hg

>35 kg/m²>35 kg/m² >35 kg/m² >35 kg/m²

CVD

Patient SGA

>35 years

<19 years

Mental disorder

Thrombophilia

Gestational diabetes

Hypothyroidism

Anaemia; PMOS

Dislipidaemia

>7 years

>35 years >40 years >40 years >40 years >40 years >40 years >40 years >35 years

*
*
*
*
*
*
*

*

*

*
*

– – –

–

–
–
– – –

– –

– –
– –

–

– –

–

– – – –

–

*

*

*

*

*
*
*

–

–

– – – – –

– – – – – –

– –
–

–
–

– –
–

–
–

––
–

–

– – – – –
– – – –

–

–

ACOG/U
SPSTF

NICE
ESC

ISSHP
FIGO

FOGSI
SOGC

SASOG
RBEHG

SOMANZ

High-risk factor Moderate-risk factor 3 points 2 points 1 point

When to offer aspirin:
any high-risk factors or two 

or more moderate risk factors

When to initiate aspirin:
12 weeks' gestation

Recommended daily dose:
150 mg

When to stop aspirin:
36 weeks' gestation

Similar recommendations

12–28 
weeks 
 (ideally 
<16 weeks)

Delivery Delivery

81 mg 75–150 
mg

75–150 
mg

100–162 
mg

<16 weeks <16 weeks

34 weeks
to delivery

2 days 
before
delivery

<16 weeks11–14+6 
weeks

FMF
high-risk 

Or FMF
high-risk 

Or FMF
high-risk 

Or FMF
high-risk 

Or FMF
high-risk 

Or FMF
high-risk 

Score ≥3

75 mg until 
delivery;
150 mg until
36 weeks

150 mg
(FMF); 75 mg 
(risk factors)

81–162 
mg

100 mg

ACOG/
USPSTF

NICE ESC ISSHP FIGO SOMANZ FOGSI SOGC SASOG RBEHG



www.thelancet.com/obstetrics-gynaecology-womens-health   Vol 2   September 2026

Series

e826

prophylaxis. Later in pregnancy, risk assessment can 
help to inform intensity of maternal–fetal surveillance 
and delivery timing.41

First-trimester screening
The two main approaches for identifying women at 
increased risk are traditional clinical risk factor 
assessment and multivariate models (figure 3). The 
traditional approach relies on maternal demographics 
and medical history, categorised into high and moderate 
risk groups. This two-tiered framework, endorsed by 
several international societies, identifies candidates for 
low-dose aspirin without complex investigations, 
although with limited sensitivity.42,43 A recent systematic 
review showed substantial heterogeneity on recom
mended risk factors across existing guidelines.44 
This might reflect differences in evidence thresholds, 
population characteristics, and health-system capacity. 
Although global harmonisation remains a priority, such 
variation might also represent appropriate adaptation to 
local epidemiology and population-specific risk profiles.45 
Further research is required to establish more consistent, 
evidence-based criteria.

Multivariate models combine maternal demographics 
and medical history with biophysical and biochemical 
markers. The competing risks Fetal Medicine 
Foundation (FMF) algorithm (also known as the triple 
test) is an evidence-based tool that combines maternal 
factors (age, weight, height, ethnicity, obstetric history, 
medical history, and family history), mean arterial 
pressure, uterine artery doppler pulsatility index, and 
PlGF. This algorithm has reported detection rates 
of up to 90% for early pre-eclampsia (<34 weeks), 
82% for preterm pre-eclampsia (<37 weeks), and 
42% for term pre-eclampsia (>37 weeks) at a 
screen-positive rate of 10%.46 By comparison, the 
NICE algorithm—which relies solely on maternal 
characteristics and medical history—achieves only 
42% detection for preterm pre-eclampsia at a similar 
screen-positive rate.46 Importantly, validation studies of 
the FMF algorithm were conducted in high-income 
tertiary settings and subsequent validation studies 
suggested slightly lower detection rates in diverse, 
global populations.42,47–52 There is also recognition that 
variation in cardiometabolic profiles and risk factors 
might differ across populations as well,53,54 further 
contributing to variation in model performance.

The FMF algorithm also permits tiered implementation, 
allowing adjustments for available clinical resources and 
biomarker access, and therefore can be applied in low-
resource environments. The performance of a partial 
FMF (ie, omitting one or more components) is still 
superior to that of clinic risk-scoring systems alone.43 
Several innovative and scalable technologies—eg, point-
of-care ultrasound for accurate gestational age 
estimation,55 the CRADLE-VSA device56 for blood 
pressure monitoring, and the expanding availability of 

point-of-care biomarker testing57–62—combined with 
community education, engagement, and clinical 
decision-support tools hold promise to help address 
unique barriers in low-income and low-resourced 
areas.57,63 Ongoing studies in low-income and middle-
income countries64 aim to validate and optimise current 
existing models.

The clinical choice between these screening approaches 
often depends on regional health system infrastructure 
and resource availability. Traditional risk-factor-based 
screening (eg, ACOG and NICE) is straightforward to 
implement and requires no specialised equipment, 
making it highly accessible in primary care settings; 
however, its primary weakness is a lower sensitivity and 
higher false-positive rate compared with multivariate 
tools. Conversely, the FMF algorithm offers superior 
detection rates and is widely used in several European 
and Asian countries where first-trimester biochemistry 
and uterine artery doppler are integrated into routine 
antenatal care. Its implementation has shifted clinical 
practice towards more targeted prophylaxis, although 
barriers such as the cost of biomarkers and the need for 
standardised ultrasound training remain substantial 
challenges in many low-resource settings.

Second-trimester screening
For patients who present late to antenatal care or are 
initially classified as low risk, screening at the routine 
anatomy ultrasound (19–24 weeks of gestation) provides 
an opportunity for risk reassessment. A competing-risks 
model using maternal factors, uterine artery pulsatility 
index, mean arterial pressure, sFlt-1, and PlGF predicts 
early pre-eclampsia reasonably well.65

Third-trimester screening
Screening of asymptomatic individuals at 35–37 weeks 
of gestation using the FMF algorithm can identify up to 
85% of all women who will develop pre-eclampsia 
beyond 36 weeks.66 The PREVENT-PE multicenter 
randomised trial41 showed that universal third-trimester 
screening, followed by risk-stratified scheduled birth at 
37–39 weeks for those at high risk (≥1:50), resulted 
in a 30% reduction in pre-eclampsia incidence 
(3·9% vs 5·6%; adjusted RR 0·70, 95% CI 0·58–0·86).41 
Notably, this strategy—which uses the FMF algorithm—
achieved this reduction without increasing rates of 
emergency caesarean section or neonatal intensive care 
unit admission.41 Although previous trials such as 
HYPITAT focused on labour induction for patients 
already diagnosed with mild hypertensive disease,67 
PREVENT-PE is the first to show that a personalised, 
biomarker-based approach in the general obstetric 
population can prevent the clinical manifestation of 
term pre-eclampsia. However, the requirement for 
angiogenic biomarker access remains a substantial 
barrier for widespread implementation in low-resource 
settings.41
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Short-term prediction in symptomatic patients (ie, sFlt 
and PlGF)
Among patients who present with suspected pre-
eclampsia up to 37 weeks of gestation, angiogenic 
biomarkers (eg, sFlt-1 and PlGF, or PlGF alone) can aid 
in ruling out or confirming the presence of disease, as 
well as predicting its development over the subsequent 
7–14 days. In particular, an sFlt:PlGF ratio of ≤38 or less 
or a PlGF value of more than 100 pg/mL have a negative 
predictive value more than 98% and have been validated 
across various health-care settings.26,59,68–70 Compared with 
standard clinical practice, utilisation of this biomarker 
approach improves clinical precision,71 reduces the time 
to diagnosis (from 4·1 days to 1·9 days; time ratio 0·36, 
95% CI 0·15–0·87), and reduces a composite of severe 
maternal adverse effects (secondary outcome adjusted 
odds ratio [OR] 0·32, 95% CI 0·11–0·96).72 In the 
PARROT-1 trial,72 these severe maternal adverse 
outcomes included eclampsia, stroke, liver haemorrhage, 
and other major complications. The clinical benefit 
might be mediated by the adoption of targeted, enhanced 
surveillance directed by the PlGF results. Furthermore, 
cost-effectiveness analyses in the UK have shown that 
PlGF testing is cost-saving, reducing expenses by 
approximately £149 per patient tested.15 Despite these 
strengths, including high negative predictive value to 
avoid unnecessary hospitalisations, implementation 
faces barriers such as high costs in other settings, lack of 
standardised global thresholds across platforms,73,74 and 
the need for robust laboratory infrastructure in low-
income and middle-income countries.

Given the broader cardiovascular implications of HDP, 
there is growing interest in the use of established cardiac 
biomarkers, such as N-terminal pro-B-type natriuretic 
peptide (NT-proBNP) and high-sensitivity cardiac 
troponin I (hs-cTnI), for disease prediction and risk 
stratification. Recent evidence suggests that hs-cThI 
levels independently correlate with development of pre-
eclampsia and might afford complementary predictive 
value when combined with angiogenic markers and 
maternal factors.75 In the first trimester, lower NTproBNP 
levels have been correlated with greater risk of 
future pre-eclampsia76 compared with normotensive 
pregnancies. In the early third trimester, however, higher 
NTproBNP levels correlate with an increased risk of pre-
eclampsia within 4 weeks (although reduced risk beyond 
4 years) and did not enhance the prediction of either 
short-term or long-term pre-eclampsia risk as compared 
with sFlt-1 or PlGF.77 Similarly, elevated high-sensitivity 
troponin reflects subclinical myocardial stress and serves 
as an independent predictors of pre-eclampsia and 
peripartum maternal–fetal complications. However, it is 
crucial to emphasise that the predictive utility of these 
cardiovascular and angiogenic biomarkers is currently 
validated specifically for pre-eclampsia rather than the 
broader spectrum of HDP, reflecting the distinct 
pathophysiological profile of placental dysfunction and 

maternal vascular malperfusion that is unique to 
pre-eclampsia.19

Emerging strategies include ophthalmic artery doppler 
measurement, point-of-care ultrasound and biomarker 
testing, polygenic risk scores,78,79 haemodynamics,80,81 
cell-free RNA or DNA,82–84 high-dimensional omics data 
(ie, proteomics, metabolomics, and transcriptomics), and 
machine-learning models.85

Prevention
Given the potential morbidity and mortality of HDP, 
prevention is a central goal, particularly for individuals at 
higher risk. For example, a strategy of screening for pre-
eclampsia at 36 weeks of gestation followed by 
risk-stratified, planned, early-term delivery has reduced 
pre-eclampsia rates.41

Primary prevention focuses on modifying antenatal 
risk factors as discussed later in this section.

Obesity is a potentially modifiable preconception 
determinant of risk.86 However, a distinction must be 
made regarding the method of weight loss; while 
randomised controlled trials of behavioural preconception 
interventions have not yet shown a significant reduction 
in pre-eclampsia risk,87 robust evidence from matched 
cohort studies and meta-analyses indicates that bariatric 
surgery before pregnancy reduces the risk of pre-
eclampsia by approximately 50–80%.88–90 Clinicians should 
be aware of the associated trade-offs, as bariatric surgery is 
also linked to a nearly two-fold increase in the risk of 
small-for-gestational-age (SGA) infants.88,90 Structural 
determinants, such as systemic racism and socioeconomic 
disadvantage, are increasingly recognised as potentially 
modifiable contributors to risk.

Low-dose aspirin
Although the mechanism of aspirin action is not fully 
understood, it is thought to improve spiral artery 
remodelling and confer maternal endothelial protection. 
Aspirin is not associated with change in mean arterial 
pressure91 nor serum biomarkers,92 but has been shown 
to increase placental blood flow as shown by a reduction 
of uterine artery resistance (measured by pulsatility 
index).91 Meta-analyses and large randomised controlled 
trials consistently show that low-dose aspirin, initiated at 
or before 16–20 weeks of gestation, significantly reduces 
the risk of preterm pre-eclampsia and related fetal growth 
restriction, preterm birth, and perinatal morbidity and 
mortality.93–97 This strategy is more effective when applied 
to a population at high risk rather than universal 
administration with adherence being important to 
achieving maximal risk reduction.98 Although many 
studies have not shown a significant increase in 
haemorrhagic complications,96,97,99 some report a modest 
increased risk and clinicians should remain aware of this 
possibility.100–103

In the ASPRE (Aspirin for Evidence-Based Preeclampsia 
Prevention) trial, individuals with increased risk (>1:100) 
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using the FMF algorithm were randomly assigned to 
aspirin 150 mg per day or placebo from the first trimester 
scan to 36 weeks of gestation. Aspirin reduced preterm 
pre-eclampsia by 62% and very early pre-eclampsia 
(<32 weeks) by 89%.96 These effects were even more 
pronounced among women at high risk with good 
adherence (>90%) for which aspirin prevented nearly all 
pre-eclampsia up to 37 weeks of gestation in those with a 
FMF risk less than 1:20 and up to 35 weeks of gestation 
when the initial risk was more than 1:20.104 However, there 
was no effect on term pre-eclampsia (>37 weeks).96 
Although ASPRE was conducted in a high-income 
setting, a multicentre study conducted in low-income 
settings found that 81 mg aspirin reduced preterm birth, 
early pre-eclampsia, and perinatal mortality.97 Ongoing 
trials aim to determine the efficacy of different aspirin 
doses in the prevention of pre-eclampsia and gestational 
hypertension and their complications (NCT06468202).105

Despite the established efficacy of low-dose aspirin in 
populations at high risk, its specific benefit for preventing 
superimposed pre-eclampsia in women with pre-existing 
chronic hypertension remains uncertain. Although 
major international guidelines uniformly recommend 
aspirin prophylaxis for this demographic, the chronic 
hypertension subgroup in the landmark ASPRE trial did 
not show a reduction in the rate of pre-eclampsia, but 
rather aspirin extended gestation (with later onset of pre-
eclampsia) by several weeks.106 Furthermore, a recent 
meta-analysis confirmed that while low-dose aspirin does 
not significantly reduce the incidence of superimposed 
pre-eclampsia in this cohort, it does reduce preterm 
birth, providing a rationale for its continued use.107 To 
definitively address this evidence gap, the ongoing 
CHASAP trial (NCT04356326) is evaluating the efficacy 
of 150 mg daily aspirin specifically in this growing 
population.108

Calcium
Previous meta-analyses have suggested that calcium 
supplementation during pregnancy might reduce the 
risk of pre-eclampsia among individuals with low 
baseline intake.109 However, a recent Cochrane analysis 
now suggests a lack of benefit even in cases of low 
baseline intake.110

Exercise
A meta-analysis of 17 clinical trials showed that 30–60 mins 
of aerobic exercise, two to seven times per week reduced 
the incidence of HDP by 30% (RR 0·70, 95% CI 
0·53–0·83).111 A subsequent dose–response meta-analysis 
reported that approximately 140 mins per week of 
moderate-intensity exercise was associated with reduced 
odds of pre-eclampsia (OR 0·59, 95% CI 0·37–0·90) and 
gestational hypertension (0·61, 0·43–0·85).112 Supervised 
multimodal interventions further improved outcomes, 
reducing HDPs by 46% (0·54, 0·40–0·72), with combined 
aerobic resistance and yoga outperforming aerobic-only 

exercise.113 Low-to-moderate-intensity exercise initiated in 
the first trimester appears to confer the most consistent 
benefit.114 Additional meta-analysis reinforces a protective 
role of strength-base modalities.115 Proposed mechanisms 
for the benefit of exercise include improved endothelial 
function, microvascular vasodilatory capacity, reduced 
oxidative stress, and modulation of angiogenic factors.

Antenatal management
Antenatal management is guided by gestational age, 
HDP type, and associated maternal–fetal complications. 
General principles include: (1) control of maternal blood 
pressure; (2) monitoring for complications; (3) monitoring 
for evolution to pre-eclampsia among patients with 
chronic or gestational hypertension; (4) timing of birth 
that maximises fetal development while minimising 
adverse outcomes from severe maternal hypertension; 
and (5) preventing severe morbidity and mortality (both 
maternal and fetal). Despite these shared principles, 
there is global heterogeneity in blood pressure treat
ment threshold (ranging from 140/90 mm Hg to 
160/110 mm Hg), goal blood pressure target (ranging 
from 135/85 mm Hg to 160/110 mm Hg), as well as 
variation in recommendations for monitoring frequency. 
Definitive treatment of pre-eclampsia is placental delivery 
however decisions regarding delivery timing also vary 
across guidelines.11

Management of hypertension
Recent data has shown the benefit on maternal and fetal 
outcomes with tighter maternal blood pressure goals. In 
the CHAP trial, patients with mild chronic hyperten
sion and singleton gestations (<23 weeks) were 
randomly assigned to tight blood pressure treatment 
(<140/90 mm Hg) versus initiation of therapy at a systolic 
blood pressure of ≥160 mm Hg or greater and/or a 
diastolic blood pressure of 105 mm Hg or greater.116 
Those in the tighter control group had a significantly 
lower incidence of the primary outcome (composite of 
pre-eclampsia with severe features, medically indicated 
birth at <35 weeks’ gestation, placental abruption, or fetal 
or neonatal death; 30·2% vs 37·0%, p<0·001). This was 
largely driven by a reduction in pre-eclampsia with 
severe features (adjusted RR 0·80, 95% CI 0·70–0·92).116 
Beyond the antenatal period, a secondary analysis of 
CHAP (n=1684), a greater percentage of patients 
randomly assigned to the active treatment group achieved 
blood pressure control (defined as <140/90 mm Hg) in 
the postpartum period (56·7%) as compared to those 
randomly assigned to the control group (51·5%; adjusted 
OR 1·22, 95% CI 1·0–1·48), suggesting that tighter 
control during pregnancy might affect postpartum blood 
pressure trajectories as well.117

Antihypertensive selection in pregnancy is limited by 
relatively sparse evidence for many medications as 
pregnant patients are frequently excluded from clinical 
trials.118 Recent network meta-analysis suggests labetalol 
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for HDP might have slight superiority over nifedipine with 
respect to risk of pre-eclampsia development and preterm 
birth.119 However, given that these differences are modest, 
the emphasis should remain on use of medications with 
secure availability.119 Severe hypertension should be treated 
more urgently with either available oral or intravenous 
options with no clear evidence of superiority of a particular 
agent.120

Recent data support tighter maternal blood pressure 
goals, although historical concerns exist regarding fetal 
growth. The CHIPS trial previously noted an increase in 
SGA infants with tight control, particularly in the chronic 
hypertension subgroup.121 The CHAP trial showed that 
treating mild chronic hypertension to a target of less 
than 140/90 mm Hg significantly reduces severe adverse 
outcomes without increasing SGA risk.116 Recent 
secondary analyses further confirm that even low third-
trimester blood pressures (<110/70 mm Hg) do not impair 
fetal growth.122 Although the strongest evidence for these 
tight targets applies to pre-existing chronic hypertension, 
modern guidelines increasingly extrapolate them to 
de-novo gestational hypertension and pre-eclampsia to 
maximise maternal safety. In cases of acute severe 
hypertension (≥160/110 mm Hg), rapid intervention with 
intravenous labetalol, hydralazine, or oral nifedipine, 
alongside intravenous magnesium sulphate for seizure 
prophylaxis, remains the standard of care.

Delivery considerations
In the absence of complications or other indications for 
earlier delivery, birth at 39 weeks of gestation in chronic 
or gestational hypertension is recommended from a fetal 
perspective to minimise the neurodevelopmental issues 
associated with early-term birth (37–39 weeks).123 Existing 
studies (eg, the WILL randomised controlled trial) are 
currently inclusive regarding benefits versus risks of 
routine early-term birth for all with chronic or gestational 
hypertension,124 although the PREVENT-PE study 
supports planned early-term birth if individual women 
screen as high risk for pre-eclampsia development at 
36-week multimodal screening.41

For pre-eclampsia, it is important to acknowledge the 
disease’s progressive nature, with no proven therapies 
that halt its trajectory once established, and that birth 
regardless of gestation (including previable or extreme 
prematurity) might be required. However, optimising 
fetal outcomes must be counterbalanced against reducing 
the risk of adverse maternal outcomes from hypertensive 
complications. The HYPITAT study supports delivery 
beyond 36 weeks of gestation over expectant monitoring.67 
There is currently a lack of international consensus 
regarding recommendations for late preterm birth 
(34 weeks to >36 weeks) in pre-eclampsia. An individual 
participant data meta-analysis of six trials (n=1790) of 
planned delivery versus expectant management from 
34 weeks onwards suggests superior maternal outcomes 
(maternal morbidity 2·6% vs 4·4%; adjusted RR 0·59, 

95% CI 0·36–0·98) and mixed neonatal outcomes, with 
increased neonatal adverse composite outcome 
(20·9% vs 17·1%; 1·22, 1·01–1·47) driven by respiratory 
morbidity, but lower SGA rates (7·8% vs 10·6%; 0·74, 
0·55–0·99).125

To better understand which factors might confer 
greatest maternal risk, the fullPIERS model was used in 
2023 patients in a prospective, international, multicentre 
study.126 Predictors of adverse maternal outcome included 
gestational age, symptoms of chest pain or dyspnoea, 
oxygen saturation, platelet count, creatinine, and aspartate 
transaminase concentrations. The model predicted 
adverse maternal outcomes within 48 h of study eligibility 
and performed well up to 7 days after eligibility, showing 
potential to better understand which patients (1) are at 
lowest risk of adverse outcomes and can therefore be 
more confidently offered expectant management; and 
(2) are at higher risk, requiring more urgent delivery 
consideration or triage to a higher level of care. The 
miniPIERS model (including factors readily applicable to 
low-resource settings of parity, gestational age, headache 
or visual disturbances, chest pain or dyspnea, vaginal 
bleeding with abdominal pain, systolic blood pressure, 
and dipstick proteinuria) was subsequently investigated 
in 2081 patients from low-income and middle-income 
countries.127 In a relatively small sample size, the tool 
performed modestly in identifying women at increased 
risk of adverse maternal outcomes, which could ultimately 
be used to identify those who could benefit from further 
interventions (eg, magnesium or antihypertensive 
therapy) or a higher level of care.

Postnatal management
Women remain at elevated risk of cardiovascular and 
cerebrovascular events in the year after HDP, with a 
two-fold to four-fold increase in risk.6,128,129 Current 
guidelines largely focus on antepartum and intrapartum 
care, and there is an absence of standardised 
recommendations for postpartum hypertension, 
resulting in wide variation in management.11

Postpartum blood pressure trajectories
As a result of the standard postpartum blood pressure 
trajectory, blood pressure at the time of standard hospital 
discharge often reflects a physiological nadir. In 
recognition of this pattern, ACOG recommends blood 
pressure assessment within 7–10 days postpartum and 
within 72 h for those with severe hypertension. Most 
values stabilise 2–4 weeks postpartum, but some develop 
persistent hypertension beyond 12 weeks (then 
reclassified as having chronic hypertension). Even when 
early postpartum blood pressure normalises, long-term 
risk of chronic hypertension remains, warranting at least 
annual monitoring.130

Globally, postpartum blood pressure thresholds and 
targets are poorly defined. Definitions differ between 
pregnant and non-pregnant populations, and most 
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guidelines do not specify postpartum targets, raising 
concern for undertreatment. Some experts recommend a 
goal of less than 130/80 mm Hg after 6 weeks, and NICE 
aligns postpartum thresholds with non-pregnant adults. 
Differences between ACOG and the American Heart 
Association/American College of Cardiology persist. In 
secondary analysis of CHAP, treatment of mild chronic 
hypertension postpartum reduced emergency department 
and triage visits, although overall unplanned care 
remained high.

As a result of the standard postpartum blood pressure 
trajectory, blood pressure at the time of standard hospital 
discharge often reflects a physiological nadir during the 
immediate postpartum phase. For context, in 
normotensive women without HDP, blood pressure 
typically peaks between day 3 and day 6 postpartum 
before gradually returning to pre-pregnancy baseline 
values. In recognition of this dynamic pattern, ACOG 
recommends blood pressure assessment within 
7–10 days postpartum, and within 72 h for those with 
severe hypertension. Most values stabilise by 2–4 weeks 
postpartum, but individuals who develop persistent 
hypertension beyond 12 weeks receive a new diagnosis of 
chronic hypertension (if their HDP was de novo) or 
confirmation of their pre-existing condition.

A crucial component of this period is the transition of 
care. Currently, there is a large unmet need for risk 
stratification before discharge to effectively identify 
which women require closer follow-up, earlier specialist 

review, or an earlier transition back to primary care to 
mitigate long-term cardiovascular risk.

Beyond hypertension: risk for postpartum heart failure
HDP, especially pre-eclampsia, is linked to peripartum 
cardiomyopathy and increasingly to heart failure with 
preserved ejection fractions, probably through shared 
mechanisms such as angiogenic imbalance. Although 
healthy pregnancy leads to eccentric hypertrophy, pre-
eclampsia causes abnormal concentric remodelling due 
to increased vascular resistance, resulting in diastolic 
dysfunction, acute postpartum heart failure risk, and 
possibly higher lifetime heart failure risk.14,131,132

Many antihypertensives are safe during lactation (with 
appropriate contraceptive counselling when needed). 
Additionally, short courses of furosemide accelerate the 
return to normotension and reduce hypertension at 
7 days postpartum,133 although recent meta-analyses 
confirm this does not significantly reduce hospital 
readmissions or severe maternal morbidity.134 
Consequently, postpartum diuretics are currently viewed 
as an adjunct to antihypertensive therapy rather than 
standalone treatment, which is particularly useful in 
women with substantial fluid overload.135

In the POP-HT trial, an intervention consisting of 
physician-optimised self-management—which combined 
Bluetooth-enabled home blood pressure monitoring with 
an app-based algorithm for active medication titration and 
remote physician oversight—improved blood pressure at 
9 months and was associated with favourable cardiac 
remodelling (lower left-ventricular mass, reduced wall 
thickness, smaller left-atrial volume, and improved 
systolic function), independent of medication duration.136,137 
In the PICk-UP trial, 6 months of enalapril after preterm 
pre-eclampsia improved diastolic function and left-
ventricular remodelling compared with placebo.138 Further 
studies are needed to clarify which therapies best 
prevent adverse remodelling and long-term cardiovascular 
disease.136–139

Counselling on subsequent pregnancy and 
preconception evaluation
Overall recurrence risk of HDP is 20% (range 15–55 by 
subtype).140,141 After pre-eclampsia, recurrences can be 
either gestational hypertension or pre-eclampsia; after 
gestational hypertension, recurrence is usually gestational 
hypertension. Early-onset pre-eclampsia (<28 weeks) 
carries recurrence rates up to 55%. Recurrent disease is 
often milder, with later onset and fewer severe features. 
Although not inevitable or necessarily severe, subsequent 
pregnancies remain high risk and require close 
monitoring.141

Subsequent pregnancy planning
Care after HDP should extend to women planning another 
pregnancy, even though high-level evidence is limited. 
At 3–6 months postpartum, a full assessment is 

Panel: Emerging therapeutic approaches in pre-eclampsia

Therapeutic apheresis
Selective removal of circulating soluble fms-like tyrosine 
kinase-1 (sFlt-1) can reduce anti-angiogenic burden and 
appears to be safe. Early human studies suggest the potential 
for pregnancy prolongation in severe preterm pre-eclampsia.

RNA-based therapies
Small interfering RNA-mediated suppression of placental 
sFlt-1 has shown efficacy in preclinical models. First-in-
human clinical trials are underway. Placenta-targeted vascular 
endothelial growth factor mRNA delivery represents an 
additional investigational approach.

Repurposed therapies
Metformin, statins, proton-pump inhibitors, and monoclonal 
antibodies are under investigation. Pravastatin has shown 
biological promise, although clinical evidence remains 
inconclusive.

Future directions
Recombinant-tissue kallikrein-1 and other novel biological 
therapies are entering clinical evaluation. Disease-modifying 
therapies could transform management by prolonging 
gestation and improving maternal and fetal outcomes.

References for this panel are listed in the appendix (pp 4–6).
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recommended, including blood pressure (24-h monitoring 
if needed to detect chronic or masked hypertension), 
urine protein, and liver and kidney function. Women 
should be advised to see their primary care provider early 
for pregnancy confirmation, followed by a first-trimester 
antenatal assessment and an individualised care plan. 
Low-dose aspirin and at least 150 mins per week of 
moderate aerobic exercise are recommended.141

Innovative care pathways
Once an individual has been identified to be at increased 
risk of pre-eclampsia, care should focus on ongoing 
monitoring of blood pressure and other clinical indicators 
to enable timely intervention. Globally, the approach 
varies and includes self-monitoring of blood pressure 
(SMBP) as well as the inclusion of health workers in 
community settings. Although monitoring is crucial, 
improvements in clinical outcomes are dependent on the 
timeliness and quality of the actions triggered, which in 
turn reflect the overall state of health-care delivery.

Outside of pregnancy, including the postpartum 
period, SMBP has been shown to aid blood pressure 
management, especially when combined with support 
from clinicians.142 The evidence for SMBP in pregnancy 
is more controversial. The BUMP 1 randomised trial was 
conducted in the UK and recruited 2400 women at risk of 
pre-eclampsia from 20 weeks of gestation,143 comparing 
SMBP to usual care alone. Conducted in parallel, the 
BUMP 2 trial recruited 850 women with either gestational 
hypertension or chronic hypertension in pregnancy and 
compared SMBP to usual care alone.144 Neither study 
showed statistically or clinically significant improvements 
in clinic-based blood pressure control with the addition 
of SMBP. However, WHO has produced a digital 
adaptation toolkit for SMBP in pregnancy as a care 
adjunct in women who face barriers to regular clinical 
care, highlighting a continued role for SBMP.145

 Other innovative approaches to improving detection 
and management of pre-eclampsia have used automated 
vital-sign monitoring. The CRADLE device is a low-cost, 
handheld, semi-automated tool that measures blood 
pressure and calculates the risk of impending shock. It is 
user friendly, requires minimal training, and displays 
data via a simple visual traffic-light system. This device 
was developed and validated for pregnancy and has been 
extensively tested across several low-income and 
middle-income settings. The CRADLE 3 trial, conducted 
across ten clusters in Africa, India, and Haiti, showed a 
significant reduction in the primary composite outcome 
of eclampsia, emergency hysterectomy, or maternal death 
(OR 0·60, 95% CI 0·50–0·72). However, effectiveness 
varied across sites, reflecting heterogeneity in 
implementation and uptake.146 A subsequent study in 
Sierra Leone did not show a difference in the primary 
outcome of maternal death, eclampsia, stillbirth, and 
emergency hysterectomy. Nonetheless, the CRADLE 
device was shown to be feasible for large-scale 

implementation and to improve vital-sign monitoring in 
these contexts.147

Emerging therapies
Current interventions are limited to blood pressure 
control and seizure prophylaxis, with placental delivery 
remaining the only definitive treatment, often requiring 
iatrogenic preterm birth. Improved understanding of 
disease biology and expanding biomarker availability are 
driving the development of disease-modifying therapies 
(panel).

Future directions
The substantial heterogeneity across guidelines calls for 
harmonisation efforts acknowledging resource and 
population differences. A tiered equity-based framework 
could establish universal minimum standards while 
allowing structured escalation based on available 
resources—from basic clinical assessment to compre
hensive biomarker-based and ultrasound-based protocols. 
This requires sustained international collaboration and 
must accommodate divergence in drug availability, 
neonatal intensive care capacity, screening infrastructure, 
and predictive models validated in the population of 
interest. Importantly, there must be a focus on using 
implementation science-based frameworks to ensure an 
effective and long-lasting change when introducing new 
care pathways.148 Finally, this global harmonisation would 
also facilitate and improve pre-eclampsia research by 
standardising definitions.

There remain many unknowns with respect to the 
pathophysiology, optimal methods of prediction, and 
treatment of HDP. As HDP continues to contribute to 
both maternal morbidity and mortality, as well as affect 
future cardiovascular risk as discussed in this Lancet 
Series, novel therapeutics and a move towards precision-
based medicine holds the promise to substantially 
improve the cardiovascular and peripartum care of 
women, particularly as current treatment methods 
(including delivery and antihypertensive management) 
represent relatively blunt tools for treatment. Potential 
future management directions are outlined in the table. 
The field of hypertensive disorders of pregnancy stands 
at an inflection point, with converging scientific and 
clinical advances poised to transform care and improve 
equity in the coming decade.
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