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Abstract
Background: Hypertensive disorders of pregnancy (HDP) remain a leading cause of 
maternal morbidity and mortality worldwide, with implications for maternal and neo-
natal well-being in the short term and for long-term maternal cardiovascular health. 
Although the mechanisms behind HDP remain incompletely understood, evidence 
suggests that preeclampsia in particular is a syndrome with more than one distinct 
subtype.
Objectives: The PEACH (PreEclampsia, Angiogenesis, Cardiac dysfunction, 
Hypertension) Study was established to identify new HDP subtyping systems reflect-
ing aetiology and prognosis and to find markers of later cardiovascular disease risk 
associated with preeclampsia.
Population: The PEACH Study recruited pregnant women referred to two 
Copenhagen-area hospitals with suspected preeclampsia (mean gestational age at en-
rolment: 36.7 weeks) and a group of frequency-matched pregnant women planning 
delivery at the same hospitals and healthy when enrolled mid-pregnancy.
Design: Prospective, longitudinal pregnancy cohort.
Methods: Participants underwent repeated third-trimester blood sample collection, 
longitudinal cardiac function assessments using the USCOM-1A during the third tri-
mester and at 1 year postpartum and collection of placental samples immediately 
after delivery. Medical information was abstracted from medical records and hospital 
databases.
Preliminary results: During 2016–2018, we recruited 1149 pregnant women, of whom 
1101 were followed to delivery. Among 691 women enrolled with suspected preec-
lampsia, 310 and 172 developed preeclampsia and gestational hypertension respec-
tively. Among 410 women with healthy pregnancies when enrolled mid-pregnancy, 
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1  |  INTRODUC TION

Preeclampsia is an obstetric syndrome currently defined as new-
onset, persistent hypertension (systolic blood pressure ≥ 140 mmHg 
and/or diastolic blood pressure ≥ 90 mmHg) that debuts in the sec-
ond half of pregnancy, accompanied by proteinuria or other signs 
of organ dysfunction.1 Preeclampsia and gestational hypertension 
(new-onset hypertension without additional features; together 
known as hypertensive disorders of pregnancy [HDP]) are common 
causes of maternal and foetal morbidity and mortality, especially in 
low- and middle-income countries.2 Affecting up to 10% of pregnan-
cies,3 HDP range clinically from asymptomatic disease managed by 
observation to maternal multi-organ failure mid-pregnancy requir-
ing immediate delivery of an extremely preterm, growth-restricted 
baby to ensure maternal survival.4,5 For preeclampsia, the late-onset 
(debut ≥34 weeks' gestation) form is often perceived as less serious 
than the early-onset form,4 but since approximately 80% of preec-
lampsia presents near term, most women with serious preeclampsia 
complications had late-onset preeclampsia.5

The aetiologies underlying HDP remain unclear, but many pro-
cesses have been individually associated with their development, in-
cluding an imbalance in maternal circulating angiogenic factors,8–10 
an exaggerated maternal systemic inflammatory response,6 impaired 
maternal cardiac function,7,8 and placental hypoxia due to inade-
quate implantation.9 The preeclampsia syndrome in particular prob-
ably encompasses multiple aetiological entities that share signs and 
symptoms but have yet to be disentangled, which likely explains why 
current preeclampsia classification systems based predominantly on 
timing of onset and severity of clinical features have limited prog-
nostic value and utility for research.

The risks to maternal health associated with HDP do not disap-
pear after delivery. In particular, women who have had preeclampsia 
are at increased risk of cardiovascular disease later in life.10,11 The 
underlying mechanisms are poorly understood, but studies have 
found evidence of substantial cardiac dysfunction in women with 
preeclampsia, both during pregnancy and a year after delivery.12–14 
The role maternal cardiovascular dysfunction plays in HDP devel-
opment and associated postpartum outcomes is, however, still 
unclear.15

The PreEclampsia, Angiogenesis, Cardiac dysfunction and 
Hypertension (PEACH) Study, a prospective, longitudinal cohort 
study of 1101 women followed from mid-to-late pregnancy through 
delivery and beyond, was established to address these gaps in our 
knowledge. The study has two main aims: (1) to develop a new sys-
tem for classifying HDP that produces aetiologically and prognosti-
cally informative subtypes, revolutionising clinical decision-making 
in the care of women with HDP and ensuring homogeneous patient 
groups for research, and (2) to identify antepartum and postpartum 
markers of increased cardiovascular disease risk in women after 
HDP.

37 later developed hypertensive disorders of pregnancy. Of 1089 women still in the 
cohort 1 year postpartum, 578 (53.1%) participated in the follow-up assessment.
Conclusions: The PEACH Study's rich data from women with and without HDP will 
enable us to identify new, clinically useful HDP subtypes to aid in decision-making 
regarding monitoring and treatment. Continued postpartum follow-up will help us de-
velop algorithms to identify women at risk of persistent postpartum cardiac dysfunc-
tion and later cardiovascular disease after pregnancies complicated by HDP.

K E Y W O R D S
cardiovascular risk, cohort study, gestational hypertension, longitudinal study, preeclampsia, 
prospective study

Synopsis

Study question

The PreEclampsia, Angiogenesis, Cardiac dysfunction, 
Hypertension (PEACH) Study was established to develop 
new preeclampsia subtyping systems that reflect aetiology 
and prognosis and to find markers of increased long-term 
cardiovascular disease risk in women after hypertensive 
disorders of pregnancy.

What's already known?

Although several pathological processes have been associ-
ated with preeclampsia, the condition's aetiology remains 
widely debated, likely because preeclampsia is a syndrome 
consisting of more than one subtype. After pregnancy, 
there are strong associations between a history of hyper-
tensive disorders of pregnancy and later cardiovascular 
disease.

What this study adds

The PEACH Study followed 1101 pregnant women, includ-
ing 337 who developed preeclampsia, through delivery; 
further follow-up is ongoing. Data include cardiac function 
measurements, blood and placental samples and detailed 
clinical data.

Number: NNF19OC0054286; National 
Institutes of Health, Grant/Award 
Number: 1R01HL13984401A1; Toyota 
Foundation Denmark
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TA B L E  1  Overview of data collected by the PEACH Study

Phase Enrolment group

Timing and 
frequency of 
collection Data type Description of collected data

Pregnancy Both groups At enrolment Medical history 
and symptom 
recording

Medical history, medication in pregnancy, prenatal vitamins, 
symptoms of preeclampsia and family history of 
hypertensive disorders of pregnancy. Source: interview.

Throughout 
pregnancy, 
plus relevant 
pre-
pregnancy 
data

Demographics, 
medical history 
and clinical data

Maternal characteristics (e.g. pre-pregnancy BMI, smoking 
status, medication use, comorbidities), reproductive 
history (e.g. parity, pregnancy loss, previous pregnancy 
complications), pregnancy characteristics (e.g. all 
blood pressure and urine dipstick measurements, 
preeclampsia symptoms, indications for non-routine visits, 
complications). Sources: medical records and in-house 
databases maintained by the Departments of Obstetrics at 
the participating hospitals.

Throughout 
pregnancy

Ultrasound data Information on estimated due date and birth defects obtained 
during the two routine ultrasound scans offered to all 
pregnant women in Denmark in weeks 11–13 and 19–21, 
and information on foetal growth and Doppler indices 
during any additional scans to assess foetal growth. 
Source: in-house databases maintained by the obstetrical 
ultrasound clinics at the participating hospitals.

Throughout 
pregnancy

Laboratory test data Information on laboratory tests during pregnancy, including 
any tests run to aid in the evaluation of preeclampsia. 
Source: in-house databases maintained by the 
Departments of Clinical Biochemistry at the participating 
hospitals.

Suspected 
preeclampsia 
group

At enrolment and 
up to three 
times per 
gestational 
week, in 
connection 
with blood 
draws already 
planned as a 
part of regular 
clinical 
monitoring

Blood samples 20 ml whole blood per blood draw: A 9 ml EDTA tube for 
separation of EDTA-plasma; a 3.5 ml sodium citrate 
tube for separation of citrate plasma; a 4 ml dry tube 
for separation of serum; and 2.5 ml in a PAXGene tube 
(PreAnalytiX Gmbh, Qiagen, Switzerland). All samples 
centrifuged (excepting PAXGene tubes) and stored at 
−80°C in the Danish National Biobank (www.danis​hnati​
onalb​iobank.com), Copenhagen, Denmark.

At enrolment, 
in case of 
disease 
progression 
or decision 
to deliver, or 
biweekly if 
the woman's 
condition was 
stable

Cardiac function 
measurements

Resting hemodynamic indices including cardiac output, stroke 
volume, heart rate and systemic vascular resistance, 
measured using the UltraSound Cardiac Output Monitor 
1A (USCOM-1A). Blood pressure, measured using a 
semi-automated device validated for use in pregnancy 
(Microlife-VSA). Measurements performed at least twice; in 
case of ≥5 mmHg between the two measurements in either 
diastolic or systolic blood pressure, measurements were 
repeated until this discrepancy was <5 mmHg. The last 
measurement noted.

Healthy pregnancy 
group

In gestational 
weeks 24, 28, 
32, 35–36, 
37–38 and 40

Blood samples Same samples collected as in the suspected preeclampsia 
group.

In gestational 
weeks 28, 
35–36, 37–38 
and 40

Cardiac function 
measurements

Same procedure as in the suspected preeclampsia group.

(Continues)

http://www.danishnationalbiobank.com
http://www.danishnationalbiobank.com


866  |    PERSSON et al.

2  |  METHODS

The PEACH Study is led by the Department of Epidemiology Research 
at Statens Serum Institut, Copenhagen, Denmark. The study's re-
cruitment phase occurred in collaboration with the Departments 
of Obstetrics at Copenhagen University Hospitals Rigshospitalet 
and Hvidovre Hospital and their associated midwifery clinics. In 
Denmark, antenatal care is hospital-based and free of charge. In ad-
dition to first- and second-trimester ultrasound examinations, stand-
ard antenatal care for all pregnant women includes regular visits to 
hospital midwifery clinics.

2.1  |  Eligibility and enrolment

The PEACH Study recruited pregnant women referred to the ob-
stetrics departments of the two participating hospitals for clinical 
evaluation and blood tests for suspected preeclampsia due to signs 
or symptoms including elevated blood pressure, headache, visual 
disturbances, right upper quadrant abdominal pain, chest pain or 
dyspnoea and clinically significant oedema. Women were screened 
for eligibility for the study at initial presentation and were eligible 
to participate if they were between 18 and 45 years of age with a 
singleton pregnancy of at least 20 weeks' duration. As we aimed to 
characterise preeclampsia in women without pre-pregnancy hy-
pertension or cardiovascular disease, exclusion criteria included 
pre-existing chronic hypertension, elevated blood pressure noted 
before 12 weeks' gestation in the absence of documented white 
coat hypertension and use of anti-coagulant medications (including 
low-dose aspirin). Women were also ineligible for inclusion if they 
were unable to understand spoken and written Danish or had been 
diagnosed with preeclampsia more than 2 weeks before recruitment, 

or if the evaluating physician ruled out preeclampsia without order-
ing blood tests. Eligible women were first approached by hospital 
staff; those interested in participating received study information 
from PEACH Study personnel and provided informed consent at the 
time of enrolment.

The study also recruited a group of healthy pregnant women 
planning delivery at the same hospitals in the same period, fre-
quency matched to the group of women with suspected preeclamp-
sia on age, parity, body-mass index (BMI) and hospital. These women 
were invited to participate in the study immediately after attending 
the routine second-trimester ultrasound examination in gestational 
weeks 19–21. We used the same inclusion and exclusion criteria and 
consent procedures with these women as we used for women with 
suspected preeclampsia.

The minimum number of participants required in each group was 
determined a priori based on expected differences in serum levels 
of the anti-angiogenic marker sFlt-1,16 one of the few validated pre-
eclampsia biomarkers at the time the study was conceived (2014–
2015), across groups of women with and without HDP. With 700 
women in the suspected preeclampsia group and 350 in the healthy 
pregnancy group, we expected to have 80% power to detect dif-
ferences in sFlt-1 of ≥312 pg/mL in pairwise comparisons between 
women with severe preeclampsia, preeclampsia without severe fea-
tures and gestational hypertension, and 80% power to detect differ-
ences in sFlt-1 levels ≥292 pg/mL when comparing women with HDP 
to those with normotensive pregnancies.

2.2  |  Data collection

Table  1 summarises the different types of data collected by the 
PEACH Study, which include cardiac function indices, blood and 

Phase Enrolment group

Timing and 
frequency of 
collection Data type Description of collected data

Delivery Both groups Within 2 h of 
delivery

Placental samples Four samples per placenta, collected using a systematic 
uniform random sampling approach27 (see Figure S1) 
and stored in RNAlater at -80°C in the Danish National 
Biobank.

Delivery + 4 h Clinical data Delivery details and offspring characteristics (e.g. birth weight, 
gestational age at birth). Source: medical records.

Postpartum Both groups Up to 3 months 
postpartum

Clinical data Postpartum characteristics (e.g. level of care, blood pressure 
readings, laboratory tests, preeclampsia symptoms, 
complications, breast feeding, medication, surgical 
procedures, duration of hospital stay, and follow-up after 
discharge). Source: medical records.

One year 
postpartum

Cardiac function 
measurements

Same procedure as in pregnancy.

Clinical data Postpartum antihypertensive medication, current medication, 
symptoms of heart failure, and any current (subsequent) 
pregnancy. Source: interview.

TA B L E  1  (Continued)
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placental samples and clinical and laboratory data. We assessed 
cardiac function using the UltraSound Cardiac Output Monitor 
1A (USCOM-1A, USCOM Ltd, Sydney, Australia). The device uses 
continuous-wave Doppler ultrasound to assess aortic flow, from 
which multiple measurements are derived. The USCOM-1A's cardiac 
output measurements have been validated against transthoracic 
echocardiography in the obstetric population with good results, es-
pecially when used for repeated assessments in the third trimester 
of pregnancy.17,18 Blood pressure was measured using the semiauto-
matic BP monitor Microlife-VSA, a device identical to the Microlife 
3AS1-2 that has been validated for use in pregnancy (see Table 1 for 
details).19

We abstracted extensive clinical data from medical records and 
obtained obstetric details, obstetrical ultrasound information, and 
the results of all laboratory tests performed on PEACH participants 
from in-house hospital databases. We are currently setting up the 
first wave of laboratory analyses (proteomics analyses) on study 
blood samples.

2.3  |  Follow-up

The study protocol called for repeated study visits during pregnancy 
(Table 1). For women in the suspected preeclampsia group, we ob-
tained blood samples during venipuncture scheduled by hospital 
obstetricians for clinical monitoring. Therefore, the timing and fre-
quency of sampling for each woman depended on disease severity 
and hospital practice. Most women had blood samples collected at 
enrolment. If the obstetrician ruled out an HDP or if immediate deliv-
ery was necessary, no further blood samples were collected; other-
wise, additional blood samples were obtained up to three times per 
week, depending on the timing of clinical follow-up. Planned cardiac 
function assessments in the suspected preeclampsia group occurred 
(1) at enrolment, (2) when an HDP was diagnosed or progressed, (3) 
biweekly between recruitment and delivery and (4) immediately be-
fore delivery (before the active stage of labour).

For women in the healthy pregnancy group, we collected blood 
samples and assessed cardiac function following four routine an-
tenatal midwife visits in gestational weeks 28, 35, 38 and 40, with 
additional blood sampling in gestational weeks 24 and 32. If a partic-
ipant in the healthy pregnancy group developed an HDP, she was re-
consented and followed according to the protocol for the suspected 
preeclampsia group for the remainder of pregnancy, allowing us to 
obtain blood samples and cardiac function measurements more fre-
quently than if no HDP had developed.

After delivery, we obtained placental samples from all partic-
ipants within 2 h of delivery (Table 1; Figure S1). One year post-
partum, all participants were invited to have their blood pressure 
and cardiac function re-evaluated. Follow-up of maternal blood 
pressure and kidney function at 5–7 years postpartum is sched-
uled for 2023, and we plan to assess cardiovascular health and 
collect blood samples from both mothers and children at 10 years 
postpartum.

2.4  |  Comparison of PEACH Study 
participants and non-participants

Because potential study participants were primarily approached by 
hospital personnel, we do not have complete information on the 
number of women who declined to participate. Instead, we used 
data from Denmark's nationwide health registers to evaluate the de-
gree to which study participants were representative of the women 
who delivered singletons at the two participating hospitals in 2016–
2018. We compared variable distributions in participants and non-
participants using mean differences (continuous variables) and risk 
ratios estimated using log-linear binomial regression (categorical 
variables).

2.5  |  Ethics approval

The study was approved by the Scientific Ethics Committee of the 
Capital City Region of Denmark (approval no. H-16017257) and 
registered with the Danish Data Protection Agency (SSI register no. 
20/04529).

3  |  PRELIMINARY RESULTS

Between September 2016 and March 2018, 701 women with sus-
pected preeclampsia and 448 healthy pregnant women were en-
rolled in the study (Figure  1: Flowchart of study participation). 
Thirty-seven women withdrew their consent before participating in 
a study visit and one woman was lost to follow-up during pregnancy. 
After chart review, 10 additional women were deemed ineligible to 
participate, leaving 1101 in the study cohort.

Mean gestational age at enrolment was 36.7 weeks for women 
in the suspected preeclampsia group and 20.3 weeks for women 
enrolled with healthy pregnancies. After delivery, we assigned all 
participants a final HDP diagnosis (if any) using the 2018 diagnostic 
criteria of the International Society for the Study of Hypertension in 
Pregnancy (ISSHP).1 Of 691 participants followed for suspected pre-
eclampsia, 310 fulfilled the criteria for preeclampsia set forth by the 
International Society for the Study of Hypertension in Pregnancy 
(ISSHP) in 2018; 173 of these had severe features as defined by 
the American College of Obstetricians and Gynecologists20 (see 
Table S1). An additional 172 women fulfilled the criteria for gesta-
tional hypertension, while 209 women did not meet the ISSHP cri-
teria for an HDP. Of the 410 women recruited mid-pregnancy with 
healthy pregnancies, 37 later fulfilled ISSHP HDP criteria (27 de-
veloped preeclampsia, 10 developed gestational hypertension). For 
women who fulfilled the ISSHP diagnostic criteria, the average time 
between enrolment and fulfilment of the criteria was 0.14 weeks for 
women enrolled in the suspected preeclampsia group and 16.9 weeks 
for women enrolled in the healthy pregnancy group.

Table  2 shows the numbers of samples and measurements by 
enrolment group and final diagnosis. As expected, women in the 
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healthy pregnancy group each contributed more blood samples 
and more cardiac function measurements than women enrolled 
with suspected preeclampsia. In the suspected preeclampsia group, 
women with preeclampsia contributed more samples than women 
with gestational hypertension or no HDP diagnosis, reflecting the 
intensity of clinical follow-up in the former.

Table S2 compares demographic, obstetric and neonatal charac-
teristics of PEACH Study participants in the two enrolment groups. 
Despite frequency matching, differences were observed in the dis-
tributions of parity and pre-pregnancy BMI between the suspected 
preeclampsia group and the healthy pregnancy group. Table 3 com-
pares demographic and pre-pregnancy characteristics of PEACH 
Study participants and non-participating women who delivered 
singletons at the two participating hospitals in 2016–2018, by HDP 
diagnosis. Participants and non-participants were generally similar 
in terms of age, parity, BMI, civil status and smoking status. Women 

with non-Danish background are underrepresented in the cohort 
as participants were required to speak and read Danish. Compared 
with non-participants, socioeconomic variable distributions differed 
for both participants with preeclampsia and healthy participants; 
participants appeared to have more education and higher household 
incomes. Participants with HDP were less likely to have pre-existing 
diabetes than non-participants, probably because women with di-
abetes typically receive aspirin prophylaxis, making them ineligible 
for the study.

Table 4 presents obstetric and neonatal characteristics for par-
ticipants and non-participants. Among women with HDPs, study 
participants had lower rates of Caesarean section and were less 
likely to have long hospital admissions in connection with delivery 
than non-participants. Participating women with preeclampsia were 
less likely to deliver preterm and therefore less likely to deliver low 
birthweight babies. These features suggest that women with severe 

F I G U R E  1  Flowchart of study 
participation
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HDPs, particularly early-onset preeclampsia, are underrepresented 
in our cohort. Participating women with healthy pregnancies were 
generally similar to their non-participating counterparts, the excep-
tion being that non-HDP pregnancies ending in preterm delivery 
also appear to be underrepresented in our cohort.

Interestingly, women who were enrolled with suspected pre-
eclampsia but never fulfilled the criteria for an HDP diagnosis dif-
fered from non-participants without HDPs in terms of age, BMI and 
method of conception (Tables 3 and 4). The former were younger 
(mean age difference −0.73 [95% confidence interval (CI) −1.38, 
−0.09] years), heavier (mean BMI difference 1.13 [95% CI 0.37, 1.90] 
kg/m2) and more likely to have had assisted conceptions than non-
participants without HDPs (RRinsemination 1.83 [95% CI 1.00, 3.35]; 
RRIVF/ICSI 1.86 [95% CI 1.16, 2.96]), similar to women with confirmed 
HDPs. The same differences in age and BMI were observed when 
comparing these women to those enrolled in the healthy pregnancy 
group (mean age difference −1.02 [95% CI −1.80, −0.24] years; mean 
BMI difference 1.17 [95% CI 0.30, 2.04] kg/m2).

One year postpartum, 12 women (eight from the suspected pre-
eclampsia group and four from the healthy pregnancy group) were 
lost to follow-up. Consequently, 683 women from the suspected 
preeclampsia group and 406 women from the healthy pregnancy 
group were invited to have their blood pressure and cardiac func-
tion re-evaluated 1 year postpartum. Of these, 340 (49.8%) and 238 
(58.6%), respectively, participated in these evaluations. Women 
from the suspected preeclampsia group who were not diagnosed 

with an HDP were less likely to participate in the postpartum visit 
than women who had preeclampsia (38.3% vs. 57.1%).

4  |  COMMENT

4.1  |  Principal findings

The PEACH Study is a prospective longitudinal cohort study es-
tablished to study HDPs and their long-term consequences for ma-
ternal health, encompassing 691 women enrolled with suspected 
HDPs and 410 women without HDPs at enrolment. Information and 
biological samples already collected from each participating woman 
include blood samples and cardiac function measurements taken 
repeatedly through the last half of pregnancy, detailed clinical infor-
mation, placental samples and postpartum follow-up measurements. 
These features will enable us to characterise over time biochemical 
and clinical changes associated with preeclampsia and define new 
preeclampsia subtypes that reflect underlying aetiology and predict 
both short- and long-term prognosis.

4.2  |  Strengths of the study

Blood samples and cardiac function assessments obtained close to 
symptom debut in women with suspected preeclampsia will help 

TA B L E  2  Number of samples for each study participant by recruitment group and final hypertensive disorder of pregnancy diagnosis

Preeclampsiab
Gestational 
hypertensionb

Suspected pre-eclampsia 
group without hypertensive 
disorders of pregnancy

Healthy pregnancy group 
without hypertensive 
disorders of pregnancy

n = 337 n = 182 n = 209 n = 373

Number of blood samples taken 
during pregnancy

n (%) n (%) n (%) n (%)

0 19 (5.6) 31 (17.0) 48 (23.0) <5

1 123 (36.5) 83 (45.6) 127 (60.8) <10

2 83 (24.6) 32 (17.6) 24 (11.5) 15 (4.0)

3 56 (16.6) 20 (11.0) <10 48 (12.9)

≥4 56 (16.6) 16 (8.8) <5 297 (79.6)

Number of cardiac function measurements during pregnancy

0 24 (7.1) 20 (11.0) 29 (13.9) <5

1 149 (44.2) 87 (47.8) 130 (62.2) <25

2 90 (26.7) 50 (27.5) 39 (18.7) 71 (19.0)

3 49 (14.5) 19 (10.4) <15 146 (39.1)

≥4 25 (7.4) 6 (3.3) <5 134 (35.9)

Placental samples taken after delivery 257 (76.3) 138 (75.8) 143 (68.4) 264 (70.8)

Cardiac function measurement 
performed 1 year postpartuma

190 (57.1) 94 (51.9) 79 (38.3) 215 (58.3)

aOut of those invited: 333 women with preeclampsia, 181 with gestational hypertension, 206 from the suspected preeclampsia group without 
hypertensive disorders of pregnancy and 369 women from the healthy pregnancy group without these disorders.
bPEACH participants were assigned a diagnosis of preeclampsia or gestational hypertension if they fulfilled the ISSHP 2018 criteria for the respective 
conditions (see Table S1), regardless of enrolment group
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us to identify clinically useful markers of impending preeclampsia 
and assess the importance and effects of pathological processes 
that may be difficult to disentangle later in disease progression.21 
Repeated follow-up during pregnancy, particularly in women with 
worsening disease, will permit us to pinpoint changes associated 
with progression to severe disease.

Because women were recruited with suspected preeclampsia, 
rather than with confirmed preeclampsia according to a specific 
definition, our data can be used in the future to examine the im-
pact of changing diagnostic criteria and subtype classifications; 
furthermore, the degree of detail in our database will accommo-
date changes in consensus regarding outcome reporting.22,23 Since 
we applied limited exclusions, our cohort included a broad range of 
preeclampsia subtypes, mirroring clinical reality. By retaining data 
and samples on women in whom preeclampsia was suspected but 
later ruled out, we can address the common clinical challenge of 
how to judge preeclampsia risk in women without classical signs of 
preeclampsia. Finally, continued long-term follow-up of women with 
well-characterised diagnoses during pregnancy, both in-person and 
through linkage with Danish national health registers, will provide 
additional insight into cardiovascular pathology after preeclampsia.

By obtaining blood samples and cardiac function measurements 
from the healthy pregnancy group first monthly and then biweekly 
near delivery, we obtained good coverage of the period during which 
preeclampsia becomes increasingly prevalent. Additionally, our de-
tailed longitudinal data on such a large group of healthy pregnant 
women provide unique opportunities for studying variation in nor-
mal pregnancy.

Although we observed differences between the two enrolment 
groups in parity and BMI, frequency matching ensured that all cate-
gories of age, parity and BMI observed in the suspected preeclamp-
sia group were also represented in the healthy pregnancy group 
and that both sets of hospital-determined clinical practices were 
well-represented in both enrolment groups. Follow-up during preg-
nancy occurred while the women were already visiting the hospital 
or midwifery clinic for antenatal care, and study blood samples from 
women in the suspected preeclampsia group were mostly taken in 
connection with blood draws ordered by their obstetricians. By mak-
ing participation as easy as possible for both groups, we reduced the 
risk of selection bias due to differential refusal to participate and im-
proved the likelihood that study results will be generalisable to the 
broader Danish population. Only one woman was lost to follow-up 
during pregnancy, thereby further reducing selection bias. The pro-
spective nature of the study and the abstraction of clinical informa-
tion from medical records eliminated the possibility of recall bias.

4.3  |  Limitations of the data

Women with severe forms of preeclampsia, particularly early-onset 
forms, are underrepresented in our cohort. Early-onset preeclamp-
sia often occurs in high-risk women, many of whom were excluded 
from our cohort due to pre-pregnancy chronic hypertension or 

aspirin therapy.24 Furthermore, such women were often admitted 
on an emergency basis and we were unable to obtain consent be-
fore delivery. Our cohort is therefore best suited to the study of 
late-onset preeclampsia and cases of suspected preeclampsia where 
establishing a definite diagnosis is difficult. Because our primary in-
terest was preeclampsia among women without previously recog-
nised hypertension, we excluded women with pre-existing chronic 
hypertension or related chronic illnesses; consequently, our cohort 
cannot be used to study super-imposed preeclampsia, and findings 
based on our cohort, while internally valid, may not be generalisable 
to women with pre-existing hypertension.

Although our goal was repeated blood sampling during preg-
nancy, we have only a single set of blood samples for approximately 
48% of women in the suspected preeclampsia group. More than 
half (57%) of the women in this group were enrolled at term; 18% 
were enrolled at or after their due date. For these women, there was 
little time for repeated sampling before delivery, particularly be-
cause induction of labour is recommended once an HDP diagnosis 
is confirmed in a term pregnancy.1 Because we only collected study 
blood samples in connection with physician-ordered blood draws, 
we could not collect further samples once an obstetrician ruled out 
preeclampsia. Blood sample collection from our healthy participants 
in gestational weeks 24 and 32 required extra hospital visits and was 
therefore less complete than the four collections scheduled in con-
nection with routine antenatal visits.

The PEACH Study was not designed to study the earliest stages 
of preeclampsia, particularly the preclinical stages. Only 39% of 
women were recruited on the day preeclampsia was first sus-
pected, as most women were not immediately referred for clinical 
work-up. However, we do have a small, well-characterised group of 
women from the healthy pregnancy group who developed an HDP. 
Furthermore, we have applied to the biobanks at the participating 
hospitals to use banked first-trimester serum samples to study early-
pregnancy biomarkers in PEACH Study participants.

PEACH participants and non-participants differed with respect 
to socioeconomic indices, with participants appearing to have some-
what more education, higher-level jobs and higher household in-
comes. As understanding the Danish language was a prerequisite for 
participation, participants are also predominantly of Danish ethnic-
ity. Thus, findings based on the PEACH study may not be generalis-
able to other populations.

Half of the women enrolled in the suspected preeclampsia group 
and 65% of the women enrolled in the healthy pregnancy group par-
ticipated in the follow-up visit 1 year postpartum. At 1 year postpar-
tum, employment rates in Danish mothers resemble those of women 
without children,25 and women who did not participate in the fol-
low-up visit may simply have been unable to make time for this visit. 
All participants will be invited to participate in future rounds of fol-
low-up, regardless of attendance at the first postpartum visit.

Cardiac function assessments were performed using the 
USCOM-1A system. While measurements using this device are non-
invasive, fast and well-tolerated,26 their agreement with transtho-
racic echocardiography is not perfect, although it is best in the third 
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trimester, when the majority of our measurements were made.17 The 
USCOM device also has very good inter-subject reproducibility,17 
making it ideal for our repeated measurements through pregnancy 
and 1 year postpartum.

4.4  |  Interpretation

The PEACH Study's repeated blood samples obtained during preg-
nancy and placental samples taken after delivery, along with repeated 
cardiac function assessments, will allow us to examine the interplay of 
multiple pathological processes associated with preeclampsia, previ-
ously investigated in isolation, in a large group of pregnant women. By 
combining molecular, genetic, clinical and cardiac profiles in women 
with and without preeclampsia, we hope to define new preeclampsia 
subtypes that will allow physicians to triage women presenting with 
suspected preeclampsia, assess likely prognosis and identify women 
at greatest risk of persistent postpartum cardiac dysfunction and 
cardiovascular disease. Continued postpartum follow-up of PEACH 
participants will provide additional insight into the cardiovascular, 
nephrological and neurological consequences of the disorder.

5  |  CONCLUSION

The PEACH Study's size and prospective design provide a unique 
opportunity to study the interplay of biological changes associated 
with preeclampsia and its long-term consequences, and to classify 
HDPs into clinically meaningful subtypes that also address short- 
and long-term prognosis.
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