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ENGLISH SUMMARY

Hypertensive disorders of pregnancy include gestational hypertension, chronic 

hypertension, preeclampsia and preeclampsia superimposed on chronic hypertension.

G and/or diastolic 

fter 20+0 weeks of gestation without proteinuria 

or maternal organ dysfunction. Preeclampsia is currently defined as sustained de novo 

hypertension after 20+0 weeks of gestation accompanied by proteinuria and/or other signs 

of maternal organ dysfunction and/or uteroplacental dysfunction. For over one hundred 

years, preeclampsia was thought to be caused by toxins from fetal waste products crossing 

the placenta into the maternal circulation. It is now understood to be the result of an 

abnormal interaction between placental and maternal vasculature.

The revised two-stage model of preeclampsia pathogenesis proposes that both early and

late-onset preeclampsia results from placental malperfusion and syncytiotrophoblast stress

but that the causes and timing of placental malperfusion differ. This model fits with the 

clinical heterogeneity of preeclampsia as well as gestational hypertension. The threshold 

liability model proposes that all women are at risk of preeclampsia, but that due to 

underlying biologic variability some women are more susceptible due to additional 

exposures. The competing risk model assumes that all women will develop preeclampsia if 

their pregnancies had an infinite gestational length. The clinical appearance of preeclampsia 

signs and symptoms is dependent on whether a woman is delivered before or after her 

personalized threshold for the disease.

Hypertensive disorders of pregnancy affect 10% of pregnancies worldwide and are

associated with increased maternal, fetal and neonatal morbidity and mortality, and 

increased risk of metabolic and cardiovascular diseases later in life for both mother and 

child. Preeclampsia develops in 3-5% of pregnancies, mostly at term or late preterm

gestation, but early-onset preeclampsia often presents with severe organ affection and is 

associated with higher adverse maternal and neonatal outcomes. Approximately 25% of 

women with chronic hypertension will develop superimposed preeclampsia.

There are many reported risk factors for preeclampsia. Socioeconomic risk factors include 

immigrant status, minority race or ethnicity, low education and low income. Maternal 

characteristics such as advanced maternal age, nulliparity, antiphospholipid syndrome, 
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chronic hypertension, chronic renal disease, pre-gestational diabetes, and high pre-

pregnancy body mass index (BMI) are associated with an increased risk of preeclampsia.

Obstetric risk factors for preeclampsia include multifetal pregnancy, assisted reproductive 

technology, prior stillbirth, prior placental abruption and prior preeclampsia. First-trimester 

smoking is protective against preeclampsia, but increases the risk of other adverse 

pregnancy outcomes such as fetal growth restriction.

Recent screening strategies using a combination of maternal characteristics, mean arterial 

blood pressure, mean uterine artery pulsatility index and biomarkers can identify high-risk 

women that may benefit from aspirin, which reduces the risk of preterm preeclampsia by 

approximately 60%. Effective prophylaxis for late-onset preeclampsia has yet to be found.

Once preeclampsia develops, there is no treatment other than the use of magnesium sulfate 

to prevent maternal seizures (eclampsia), antihypertensive medication to prevent adverse 

maternal cardiovascular outcomes such as cerebral hemorrhage and delivery to stop the 

disease.

This thesis was a population-based retrospective (historical) cohort study using data from 

the Maternal Birth Register of Norway, Statistics Norway and the Norwegian Prescription 

Database. The main aims of the thesis were to assess the prevalence of and risk factors for 

hypertensive disorders of pregnancy in Norway over two decades, and to test if the findings 

fit with established and more recent models of preeclampsia pathogenesis. More 

specifically, the thesis aimed to assess overall prevalence of preeclampsia and chronic 

hypertension in both nulliparous and parous women, and the prevalence of early, 

intermediate and late-onset preeclampsia in nulliparous women. Socioeconomic (maternal 

country of birth and education) and biologic (diabetes, chronic hypertension and BMI)

exposures were investigated to estimate their association with hypertensive disorders of 

pregnancy. Lastly, secular trends of risk factor prevalence and preeclampsia prevalence and 

risk were observed. Univariate and multivariable regression was used to analyze the

associations between risk factors and hypertensive disorders of pregnancy, and the data 

were limited, stratified and adjusted for possible confounders in order to minimize the risk 

of bias. The epidemiologic findings were interpreted using the revised two-stage model of 

preeclampsia, the threshold liability model and the competing risk model.

Paper I included 907 048 deliveries between 23+0 and 43+6 weeks of gestation from 1999

to 2014 after excluding multifetal gestations and pregnancies with major congenital 
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anomalies. In the study group, 382 618 deliveries were to nulliparous women and 524 430 

deliveries were to parous women. The overall prevalence of preeclampsia and gestational 

hypertension were 3.4% and 1.8%, respectively. Hypertensive disorders of pregnancy were

almost two-fold higher among nulliparous than parous women (7.2% vs 3.7%). The 

prevalence of preeclampsia was 5.0% in nulliparous women and 2.3% in parous women. 

Gestational hypertension was present in 2.2% of nulliparous deliveries and 1.4% of parous 

deliveries. Compared to women with secondary education (high school or equivalent) 

women with low education had no increased risk of preeclampsia or gestational 

hypertension, regardless of parity. Women with higher education had lower risks of 

hypertensive diseases of pregnancy. Foreign-born women had the same or lower risks of 

preeclampsia or gestational hypertension compared to women born in Norway, regardless of 

parity. These findings remained mostly unchanged after adjustment for maternal age, 

diabetes, consanguinity and 1st-trimester smoking.

For Paper II, the study population included all singleton deliveries by nulliparous women 

between 1999 and 2014 at gestational age 23+0 to 43+6 weeks (n = 382 618) after 

excluding pregnancies with major congenital anomalies. Three quarters (76%) of the 

preeclampsia deliveries were at 37+0 to 43+6 weeks of gestation (late-onset), whereas 14% 

were at 34+0 to 36+6 weeks (intermediate-onset) and 10% were at 23+0 to 33+6 weeks

(early-onset). The proportion of early-onset preeclampsia was 28.0%, compared to 14.1% in 

the intermediate gestational age group and 4.1% at term. Superimposed preeclampsia 

developed in 23% of women with chronic hypertension. The prevalence of gestational 

hypertension was relatively stable across the three gestational age groups (2.1-2.7%), and 

the majority (93.0%) of women with gestational hypertension delivered at term. There was a 

positive association between pre-gestational and gestational diabetes, chronic hypertension, 

pre-pregnancy BMI and preeclampsia in all three gestational age groups. The risk for 

preeclampsia in all gestational age groups remained high after adjusting for possible 

confounders (model 1), including BMI (model 2). Gestational diabetes and BMI were 

independent risk factors for gestational hypertension. However, BMI confounded the risk of

gestational hypertension in women with pre-gestational diabetes.

Paper III included all women with singleton or twin deliveries (n = 1 153 227) between 

22+0 and 44+6 weeks of gestation from the start of 1999 to the end of 2018. Preeclampsia 

prevalence decreased by 37% (from 4.3% to 2.3%) and gestational hypertension increased 
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by 6.7% (from 1.5% to 1.6%) between the first and last four-year time periods. This trend 

was observed concurrent with an increasing proportion of high-risk parturients with 

advanced maternal age, type 2 diabetes, gestational diabetes and assisted reproduction.

First-trimester smoking decreased. Nulliparity, twin gestations, type 1 diabetes and chronic 

hypertension remained fairly stable, whereas the proportion of foreign-born women nearly 

doubled over the study period. Observed population changes in risk factors could not fully

explain the 44% decreased risk of preeclampsia over the study period. During the study

period, there was an increase in low-dose aspirin prescriptions among all women < 40 years 

old (population-level data) as well as an increase in labor inductions (individual-level data).

This thesis explored socioeconomic and biologic risk factors for hypertensive disorders of 

pregnancy according to parity, gestational age group at delivery, and time period. Unlike 

other studies showing a higher risk of hypertensive disorders among immigrants and women 

with low socioeconomic status, this thesis found no social inequalities for preeclampsia in

foreign-born women or women with low education. Possible reasons for this are the healthy 

immigrant effect and readily accessible free prenatal care. Chronic maternal diseases of 

diabetes, chronic hypertension and obesity increased the risk of hypertensive disorders of 

pregnancy at all gestational ages of viability in nulliparous women. The findings support the 

concept of multifactorial pathways to the heterogeneous group of hypertensive disorders of 

pregnancy. This is particularly relevant as nulliparous women have an elevated risk of 

preeclampsia as compared to parous women, likely due to immunological and anatomical 

factors related to uteroplacental artery remodeling and other placentation processes. Lastly, 

the decreased prevalence and risk of preeclampsia over the past 20 years, despite an 

increasing prevalence of high-risk women, may be due to changes in obstetric care with 

increased use of low-dose aspirin and labor induction, improved baseline health in the 

general population, or potential alterations in genetic polymorphisms or epigenetic 

variations yet to be determined. The findings in this thesis support the revised two-stage

model of preeclampsia, as well as the threshold liability model and competing risk model. 
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NORSK SAMMENDRAG (NORWEGIAN SUMMARY)

Hypertensive svangerskapskomplikasjoner utvikles hos cirka 10% av gravide og inkluderer 

kronisk hypertensjon, svangerskapshypertensjon og preeklampsi. Svangerskapshypertensjon 

defineres som nyoppstått hypertensjon uten proteinuri eller maternell organaffeksjon etter 

20. svangerskapsuke. Definisjonen av preeklampsi har nylig blitt endret til nyoppstått og 

vedvarende hypertensjon etter 20. svangerskapsuke kombinert med ett eller flere

nyoppståtte tegn på maternell organaffeksjon (for eksempel proteinuri) og/eller

veksthemming hos fosteret. Opptil 25% gravide med svangerskapshypertensjon utvikler 

preeklampsi. 

Preeklampsi skyldes en dysfunksjonell interaksjon mellom maternell sirkulasjon og 

placentasirkulasjon. Ufullstendig fysiologisk remodellerte uteroplacentære spiralarterier i 

tidlig svangerskap fører til placentadysfunksjon. Senere i svangerskapet kan 

placentadysfunksjon oppstå på grunn av manglende plass i livmoren, ut fra en nylig revidert 

to-trinns modell for preeklampsi. Begge tilstander fører til fysiologisk stress i 

syncytiotrofoblast og økt produksjon av proinflammatoriske stoffer som kommer over i den 

gravides sirkulasjon. Dette skaper økt systemisk inflammasjon og endotelial dysfunksjon 

hos den gravide og det kliniske syndromet som inkluderer maternell hypertension og 

organaffeksjon. Gravide med høy risiko for preeklampsi bør tilbys lavdose acetylsalisylsyre

for å forebygge tidlig preeklampsi-utvikling. Preeklampsi kan bare kureres med forløsning 

av barnet. Magnesiumsulfat brukes for å stoppe og forebygge kramper (eklampsi), mens 

antihypertensiv terapi er indisert ved høye blodtrykk for å redusere risiko for maternell 

hjerneblødning,

Denne avhandlingen er en befolkningsbasert observasjonsstudie med bruk av data fra 

Medisinsk fødselsregister (MFR), Statistisk sentralbyrå (SSB) og Reseptregisteret. Formålet 

var å vurdere risikofaktorer for preeklampsi over 20 år og studere funnene i sammenheng 

med biologiske modeller for preeklampsi. Sosioøkonomiske (fødselsland, utdanning) og 

biologiske (diabetes, kronisk hypertensjon, kroppsmasseindeks) risikofaktorer for 

preeklampsi og svangerskapshypertensjon ble undersøkt i henhold til paritet, gestasjonsalder 

og tidsperiode. Selv om andre studier har funnet høyere risiko for hypertensive 

svangerskapskomplikasjoner blant innvandrere og kvinner med lav sosioøkonomisk status 

fant denne avhandlingen ingen slike sosiale ulikheter for preeklampsi hos utenlandsfødte 

kvinner eller kvinner med lav utdanning. Mulige årsaker til dette er at innvandrere har bedre 
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helse enn kvinner født i Norge og at det er lett tilgang til gratis svangerskapsomsorg i 

Norge. 

Kroniske sykdommer som diabetes, kronisk hypertensjon og fedme økte risiko for 

hypertensive lidelser hos gravide i alle gestasjonsaldersgrupper hos førstegangsfødende. 

Funnene i avhandlingen er forenlig med modellen om multifaktorielle årsaker til 

preeklampsi og svangerskapshypertensjon. Dette er spesielt relevant hos førstegangsfødende 

som har en forhøyet risiko for preeklampsi sammenlignet med flergangsfødende, 

sannsynligvis på grunn av immunologiske og anatomiske faktorer knyttet til remodellering 

av spiralarterier, placentering og placentafunksjon.

Forekomsten av preeklampsi gikk ned 37% i de siste 20 årene i Norge til tross for en økende 

andel av høyrisikogravide. Dette kan skyldes endringer i svangerskapsomsorg med økt bruk 

av lavdose acetylsalicylsyre og fødselsinduksjon. Andre mulige årsaker er bedre helse 

generelt i befolkningen eller andre endringer i genetiske polymorfismer eller epigenetiske 

variasjoner som ennå ikke er avklart.

Funnene i denne avhandlingen støtter tre forskjellige biologiske modeller for preeklampsi.
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1 INTRODUCTION

Hypertensive disorders of pregnancy include preeclampsia and eclampsia, chronic 

hypertension, preeclampsia superimposed on chronic hypertension and gestational 

hypertension (1). These disorders may range from asymptomatic to life-threatening with 

major impact on maternal, fetal or neonatal morbidity or mortality (2-4). Preeclampsia is the 

second leading cause of maternal mortality worldwide (5), with the burden of disease 

greatest in low and middle-income countries (6). Hypertensive disorders of pregnancy have 

potential long-term health consequences for both mother and child (7, 8).

1.1 Gestational hypertension

1.1.1 Definition 

Gestational hypertension is defined as new-onset hypertension in a pregnancy of 20+0

weeks of gestation or more (1, 7, 9). The American College of Obstetricians and 

Gynecologists (ACOG) defines gestational hypertension as two blood pressure readings at 

least four hours apart with systolic blood pressure 140-159 mmHg or diastolic blood 

pressure 90-109 mmHg in a previously normotensive woma 110

are defined as preeclampsia (10). The International Society for the Study of Hypertension in 

Pregnancy (ISSHP) defines gestational hypertension

and/ +0 weeks of gestation using a 

crystal liquid sphygmomanometer or other appropriate blood pressure device (1). In 

Norway

and/ +0 weeks of gestation, and without 

proteinuria or maternal organ dysfunction (9). Approximately 25% of women with 

gestational hypertension to developing preeclampsia in the same pregnancy (1).

Transient gestational hypertension, according to ISSHP, is new-onset hypertension (blood 

g) that arises at any point during the pregnancy and resolves during 

the pregnancy without treatment (1). Women with transient gestational hypertension have a 

20 percent risk of gestational hypertension and a 20 percent risk of preeclampsia in the same 

pregnancy (1).
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1.2 Preeclampsia

1.2.1 Definition

There has long been controversy about the exact definition of preeclampsia (11), which is 

not surprising in the light of its heterogeneous clinical presentation . For many years, 

preeclampsia was defined as new-onset hypertension with proteinuria or edema, or both,

after 20+0 weeks of gestation in a previously normotensive woman (12). Edema was later 

removed from the diagnostic criteria, but the presence of proteinuria was still required to 

make the diagnosis of preeclampsia (13). In 2013 the ACOG Task Force on Hypertension in 

Pregnancy revised the definition of preeclampsia (14). In 2018, the ISSHP published a 

similar updated definition (1), which has also been adopted by the International Federation 

of Gynecology and Obstetrics (FIGO) (15) and slightly revised by the Norwegian Society of 

Gynecology and Obstetrics (NGF) (9). Preeclampsia is currently defined as de novo 

hypertension after 20+0 weeks of gestation accompanied by proteinuria and/or maternal 

organ dysfunction and/or uteroplacental dysfunction (1, 9, 14, 16). Maternal organ 

dysfunction may include acute renal insufficiency, impaired liver function, pulmonary 

edema, neurologic complications and/or hematologic disturbances (1, 14, 16, 17).

Uteroplacental dysfunction may include fetal growth restriction (FGR) (18), abnormal 

umbilical artery Doppler wave form, or intrauterine fetal death (IUFD) (1, 16).

Preeclampsia can be superimposed on chronic hypertension. In women with chronic 

hypertension, defined as elevated blood pressure before 20+0 weeks of gestation, blood 

pressure elevation is not sufficient for the diagnosis of superimposed preeclampsia, but 

instead, maternal organ dysfunction must be present (1). In women with chronic 

hypertension and proteinuric renal disease, worsening of proteinuria is not sufficient to 

make the diagnosis (1). However, in women with chronic hypertension without pre-existing 

proteinuria, a rise in blood pressure coinciding with new-onset proteinuria is diagnostic for 

superimposed preeclampsia (1). Since FGR can be a complication of maternal chronic 

hypertension, it is not used as a diagnostic criteria for superimposed preeclampsia (1).

1.2.2 Pathophysiology

In normal pregnancy, the blastocyst, containing the inner cell mass and the trophoblast, 

implants in the uterus and invades the maternal endometrium/decidua (Figure 1) (19).

Extravillous trophoblasts migrate through the decidua to the lower-third of the myometrium

and, along with decidual immune cells, facilitate removal of smooth muscle from maternal 
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spiral arterial walls, thus transforming them from thick-walled vessels with narrow lumina 

to thin-walled fibrinoid vessels with luminal diameters 5-10 times larger than in the non-

pregnant state (20, 21). This physiological remodeling of the maternal vasculature results in 

the formation of a healthy placenta with a fetal side, a maternal side and a high-capacitance 

low-resistance intervillous space where chorionic villi, lined with the syncytiotrophoblast,

are bathed in maternal blood (Figure 2) (19, 20, 22). The multinucleated syncytiotrophoblast

plays a central role in gas exchange, nutrient transfer, waste elimination, hormone synthesis,

maternal-fetal communication and fetal programming (22).

Figure 1. Schematic depiction of human embryogenesis, placenta formation and main regulatory pathways 
involved. A) Upon fertilization by a sperm, the egg becomes a zygote and starts dividing. B) Following 
multiple stages of division, the cells start differentiating into trophectoderm (blue) and inner cell mass 
(yellow). C) At this point the inner cell mass clusters at one end, leaving a cavity at the other, and this structure 
is now called a blastocyst. D) The endometrial lining starts proliferating and makes direct contact with the 
CTBs. E1) Proliferation and differentiation by fusion gives rise to multinucleated STB layer, bordered by 
maternal-facing MVM and fetal-facing BM. Structurally it covers the floating villi bathed in maternal blood 
and creates the crucial part of placental barrier. E2) Proliferation by detachment from the basal membrane and 
migration to the decidua gives rise to EVTs. One type of EVTs, the iEVTs, invade the maternal decidua and 
are thought to establish interactions with uterine cell types, important for attachment and immunological 
acceptance. Fusion of iEVTs forms GCs as the final differentiation step of the invasive pathway. The second 
type of EVTs is of endothelial nature, eEVTs, and in the beginning of the pregnancy form a plug in the 
maternal spiral arteries to prevent premature blood flow. Upon blood circulation establishment they replace the 
endothelial cells in the spiral arteries and convert them to low-resistance, high-capacity arteries. The reduced 
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contractility and pressure of blood flow ensures proper oxygen and nutrient delivery to the fetus. F) Upon 
successful placentation, the differentiated cells give rise to the placenta and the fetus. G) Main autocrine and 
paracrine factors, signalling pathways and transcription factors regulating the trophoblast fusion and 
invasion/migration. Reprinted from Staud F, Karahoda R. Trophoblast: The central unit of fetal growth, 
protection and programming. Int J Biochem Cell Biol. 2018;105:35-40 with permission from Elsevier Science 
& Technology Journals.

Abbreviations: ATK - protein kinase B; BM - basal membrane; CSF - colony-stimulating factor; CTB -
cytotrophoblast; eEVT - endovascular extravillous trophoblasts; EGF - epidermal growth factor; ERK -
extracellular signal-regulated kinase; FAK - focal adhesion kinase; FB - fibroblast; FC - fetal capillary; GC -
giant cell; GCM - glial cells missing; hCG - human chorionic gonadotropin; HGF - hepatocyte growth factor; 
HIF - hypoxia-inducible factor; iEVT - interstitial extravillous trophoblasts; IGF - insulin-like growth factor; 
Ikx - ikaros receptor; IL - interleukins; INF - interferon; JAK - janus kinase; KLF - kruppel-like factor; LIF -
leukemia inhibitory factor; MAPK - mitogen-activated protein kinases; mTOR - mammalian target of 
rapamycin; MVM - microvillous membrane; NFE - nuclear factor erythroid-derived; PGH - placental growth 
hormone; PI3K - phosphoinositide 3-kinase; PPAR - peroxisome proliferator-activated receptor; Rock - Rho-
associated protein kinase; SA - spiral artery; STAT - signal transducer and activator of transcription protein; 
STB - syncytiotrophoblast; Stox-1 - storkhead box; TGF - transforming growth factors; TNF - tumor necrosis 
factor.

Figure 2. Schematic drawing of the fetal side and maternal side of the placenta in the second half of 
pregnancy. Fetal side: Chorionic plate that contains the amnion and main stem villi (chorionic villi). Maternal 
side: Basal plate that contains placental septa and decidua basalis. Red, fetal veins: Umbilical vein, chorionic 
veins and venules; maternal arteries: endometrial arteries. Blue, fetal arteries: Umbilical arteries, chorionic 
arteries and arterioles. Pink, decidua basalis, Nitabuch’s layer, placental septa. Brown, myometrium. Reprinted 
from Jansen C, Kastelein AW, Kleinrouweler CE, Van Leeuwen E, De Jong KH, Pajkrt E, et al. Development 
of placental abnormalities in location and anatomy. Acta Obstet Gynecol Scand. 2020;99(8):983-93 with 
permission from John Wiley & Sons.

The pathogenesis of hypertensive disorders of pregnancy is thought mainly to be related to 

an abnormal interaction between placental and maternal vasculature, of which one or both 

may be dysfunctional, resulting in an exaggerated maternal systemic inflammatory response
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and clinically presenting as multi-organ dysfunction (Figure 3) (23, 24). Previous models of 

preeclampsia have suggested that early-onset preeclampsia may arise predominantly from 

placental dysfunction, whereas late-onset preeclampsia may be due to exaggerated maternal 

response to inflammatory or metabolic stress from underlying disorders such as diabetes, 

chronic hypertension and obesity with or without poor placentation (23, 25, 26). An 

alternative two-stage model (Figure 4) proposes that both early and late-onset preeclampsia 

result from placental malperfusion and syncytiotrophoblast stress, but that the causes and 

timing of placental malperfusion differ (27-30). In early-onset preeclampsia, the first stage 

is malplacentation, whereas in late-onset preeclampsia, the first stage is declining placental 

function. The common second stage for both early and late-onset preeclampsia is 

synctiotrophoblast stress (30). This model fits better with the clinical heterogeneity of 

preeclampsia as well as gestational hypertension.

Impaired or inadequate maternal spiral arterial remodeling, resulting in poor placentation 

and maternal vascular malperfusion, is characterized by high-velocity turbulent blood flow 

causing ischemia-reperfusion injury and placental oxidative stress (21). Placental 

malperfusion results in infarction, retroplacental hemorrhage, abnormal development of villi 

and/or decidual arteriopathy, including atherosis, perivasculitis, fibrinoid necrosis and 

arterial thrombosis (21, 31). Malplacentation, as a cause of the first stage of early-onset 

preeclampsia, is due to the combination of incomplete spiral artery modeling, impaired

placental growth and placental malperfusion (30). The process may also arise as a result of 

chronic maternal inflammatory states such as obesity, which may promote activation of 

decidual immune mediators and anti-angiogenic factors (32).

Declining placental function arises as placenta mass increases within the limited confines of 

the uterus, resulting in chorionic villous crowding and reduced intervillous space. This 

results in increased fetoplacental vascular resistance, as seen by increasing umbilical artery 

pulsatility indices, and possibly decreased placental perfusion (30). The first stage of late-

onset preeclampsia is thus secondary to intraplacental (intervillous) malperfusion and 

hypoxia due to mechanical restrictions as the growing placenta reaches its size limit (27-29).

Placental malperfusion and declining placental function lead to synctiotrophoblast stress 

(30). The synctiotrophoblast produces and releases placenta-derived cytokines, clinically 

referred to as biomarkers, such as soluble fms-like tyrosine kinase-1 (sFlt-1), also known as 

vascular endothelial growth factor receptor-1 (VEGFR-1), soluble endoglin (sENG) and 
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vascular placental growth factor (PlGF) (23). Excessive production of sFlt-1 due to 

synctiotrophoblast stress binds and reduces free levels of VEGF and PlGF, both of which 

are necessary for normal vascular endothelial function (30). Changes in maternal circulating 

placenta-derived biomarkers, such as decreased angiogenic PlGF and increased 

antiangiogenic sFlt-1 and sENG promotes generalized maternal endothelial dysfunction 

(vascular inflammation), leading to the clinical syndrome of preeclampsia with hypertension 

and end-organ dysfunction (21, 23, 33-40).

Figure 3. Pathophysiology of preeclampsia. Reprinted from Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-
eclampsia. Lancet. 2021;398(10297):341-54 with permission from Elsevier Science & Technology Journals.
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Figure 4. Two-stage model of preeclampsia: early and late placental dysfunction
Early-onset disease is characterized by a long first stage and more severe placental and fetal sequelae. Late-
onset disease has a shorter first stage and less severe sequelae if delivery supervenes normally. They both 
cause syncytiotrophoblast stress, associated with the specific stresses as listed. Early-onset preeclampsia is 
based predominantly on spiral artery dysfunction that causes focal oxidative stress in the relevant territory of 
the artery. Late-onset disease is more diffuse and affects syncytial health in a less focused way. Adapted from 
Redman (41) and Redman and Staff (29).
Reprinted from Redman. Syncytiotrophoblast stress in preeclampsia. Am J Obstet Gynecol 2020 with 
permission from Elsevier Science & Technology Journals.

1.2.3 Clinical measures

Hypertension in pregnancy is diagnosed

after several hours (1) 160 mmHg and/or diastolic blood pressure 

110 mmHg is considered a severe clinical feature, and blood pressure readings should be 

confirmed after 15 minutes (1). Blood pressure is taken with a liquid crystal 

sphygmomanometer or an appropriately calibrated automated device, validated for 

pregnancy (1). A screening blood pressure should ideally be taken pre-pregnancy or at least 

in early pregnancy to establish a baseline reading and exclude chronic hypertension. Blood 

pressure self-monitoring is a feasible alternative to office readings (42).

The gold standard for diagnosing proteinuria in pregnancy is a 24-

300 mg, but collecting a 24-hour urine specimen is impractical and time-consuming (1).

Proteinuria is instead pragmatically diagnosed clinically by 1+ (30 mg/dL) on a urine 
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dipstick, confirmed by a spot urine protein/creatinine ratio (PCr) 30 mg/mmol (0.3 

mg/mg) (1, 10). Random spot urine PCr correlates well with 24-hour urinary protein (43-

45). Urine albumin/creatinine is another alternative to PCr (46-48), as assessment of urinary 

albumin may better reflect glomerular damage (49, 50). A urine dipstick of 2+ (100 

mg/dL) can be used if 24-hour urinary protein or PCr are not available (1, 10). Automated 

dipstick reading is preferred over visual assessment (1).

Maternal organ dysfunction is diagnosed by one or more of the following: 

Creatinine (1), 1.1 mg/dL (10) or a twice normal concentration (10), as 

a sign of acute kidney injury and renal insufficiency

Liver transaminase ALT or AST > 40 IU/L (1) or twice normal concentration (10),

as a sign of impaired liver function

Platelets < as a sign as thrombocytopenia (1, 10)

Other hematologic complications, such as disseminated intravascular coagulation

(DIC) or hemolysis (1)

Headache unresponsive to treatment (1, 10) or other neurological impairment such 

as seizure (eclampsia), altered mental status, blindness, stroke, clonus, persistent 

visual scotomata (1)

Pulmonary edema (10)

Ultrasound evidence of uteroplacental dysfunction reflects malplacentation, abnormal 

uterine spiral artery remodeling and increased placental vascular resistance (30). End-

diastolic umbilical artery Doppler flow is reduced, reversed or absent (51). Uterine artery 

pulsatility index is > 95th percentile for gestational age (52). FGR (Figure 5) < 10th

percentile for gestational age as a result of poor placental perfusion and chronic fetal 

hypoxia is also a sign of uteroplacental dysfunction (53-57).
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Early-onset FGR (< 32 weeks)

EFW or AC < 3rd percentile
or

UA with AREDV

or

•EFW or AC < 10th percentile, combined with 

one or more of the following:

a. UA PI > 95th percentile

b. UtA PI > 95th percentile

Late- 32 weeks)

EFW or AC < 3rd percentile

or

2 of the following 3 criteria:

a. EFW or AC < 10th percentile

b. EFW or AC crossing percentiles > 2

quartiles on growth percentiles

c. CPR < 5th percentile or UA PI > 95th 

percentile

Figure 5. FIGO consensus-based definitions for early and late fetal growth restriction. Reprinted from 
Melamed N, Baschat A, Yinon Y, Athanasiadis A, Mecacci F, Figueras F, et al. FIGO (international 
Federation of Gynecology and obstetrics) initiative on fetal growth: best practice advice for screening, 
diagnosis, and management of fetal growth restriction. Int J Gynaecol Obstet. 2021;152 Suppl 1(Suppl 1):3-57
with permission from John Wiley & Sons.
Abbreviations: AC, fetal abdominal circumference; AREDV, absent or reversed end-diastolic velocity; CPR, 
cerebroplacental ratio; EFW, estimated fetal weight; PI, pulsatility index; UA, umbilical artery; UtA, uterine 
artery. Adapted from Gordijn et al.(52).

1.2.4 Classification

Preeclampsia has historically been classified as either mild or severe (13), however current 

internationally accepted definitions have eliminated this dichotomous classification (1) or

use the terminology “preeclampsia with or without severe features” (1, 10). Traditionally, 

“mild” preeclampsia was define 140/90 mmHg and 24-hour urinary 

0.3 grams. “Severe” preeclampsia was defined having one or more of the 

160/110 mmHg on two occasions greater than six hours apart, 24-hour urinary 

5 grams (or urine di 3+ at least four hours apart), oliguria (< 500 mL/24 

hours), cerebral or visual abnormalities, pulmonary edema or cyanosis, epigastric or right 

upper-quadrant pain, liver function impairment, thrombocytopenia or FGR (13).

ACOG’s current classification of  “preeclampsia with severe features” is similar to the 

traditional classification of “severe preeclampsia”, but it does not include FGR (10). Mild 

preeclampsia can progress to severe disease (58).

Preeclampsia is also classified by gestational age at onset. As the time of onset is most often 

less reliably recorded than time of delivery, preeclampsia “onset” is for simplicity often 
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dichotomized according to delivery, either preterm (< 37+0 weeks of gestation) or term 

37+0 weeks of gestation), or into very preterm delivery (< 34+0 weeks gestation) or not (28, 

29, 59, 60). Preeclampsia is also classified by either early (< 34+0 weeks of gestation) or 

+0 weeks of gestation) in onset (61, 62).

HELLP syndrome is considered a serious variant or complication of preeclampsia (1, 63, 

64). The syndrome, first described in 1985 (65), is a multisystem disease characterized by 

maternal hemolysis, elevated liver enzymes and low platelets (66). Hypertension and/or 

proteinuria is not always present (64, 67). The diagnosis is based on laboratory evidence of 

microangiopathic hemolytic anemia, hepatic dysfunction, and thrombocytopenia (67). Right 

upper quadrant pain is a common presenting symptom, but women may also present with 

non-specific symptoms as malaise, headache, nausea, vomiting and flu-like symptoms (63, 

67). The complete form of HELLP has all three biochemical abnormalities of the disease 

triad, while partial or incomplete HELLP encompasses only one or two abnormalities (66).

HELLP arises usually in the third-trimester, and may have a rapid disease progression with 

serious clinical deterioration, including DIC, hepatic rupture or cerebral hemorrhage (63, 

68).

The Mississippi classification of HELLP (69) includes hemolysis accompanied with the 

following laboratory abnormalities:

Class 1 HELLP: Platelets µ 70 IU/L 600

IU/L

Class 2 HELLP: Platelets 50 000-100 000/µL 70 IU/L

600 IU/L

Class 3 HELLP: Platelets 100 000-150 000/µL

600 IU/L

Partial HELLP syndrome: Evidence of severe preeclampsia-eclampsia in association 

with 2 of 3 laboratory criteria for HELLP syndrome

An alternative diagnostic criteria for HELLP is based on the Tennessee classification: 

000/µ IU/L (66).
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1.2.5 Prevalence

Hypertensive disorders of pregnancy affect 10% of pregnancies worldwide and is associated 

with increased maternal, fetal and neonatal morbidity and mortality (4, 70-73). Gestational 

hypertension is a less severe hypertensive disorder of pregnancy, but it can progress to 

preeclampsia in 25% of cases (16). Preeclampsia affects 3-5% of pregnancies worldwide

(74, 75), with the greatest burden of the disease seen in low-resource countries (76-78).

Regional variations in national preeclampsia prevalence have been reported (79). Late-onset 

preeclampsia is more prevalent than early-onset disease (80). HELLP syndrome affects 

0.5% to 0.9% of pregnancies, and is a considered a serious variant of preeclampsia (1, 63, 

64). Secular trends of chronic hypertension among partituents increased in the United States 

from 1995-2008, specifically from 0.90% to 1.52% for primary hypertension and from 

0.07% to 0.24% for secondary hypertension (72). Approximately 25% of women with 

chronic hypertension will develop superimposed preeclampsia (1, 81).

Preeclampsia prevalence varies by parity, with a higher prevalence of disease among 

nulliparous women (82). Preeclampsia prevalence is approximately three times higher in 

twin pregnancies than singleton pregnancies (83). Single country and multinational 

observational studies report increased risk of preeclampsia among specific immigrant 

groups delivering in industrialized countries (84-92). A systematic review and meta-analysis 

of epidemiologic studies, however, found a lower risk of hypertensive disorders of 

pregnancy among immigrant populations (93).

Hypertensive disorders of pregnancy increased globally by almost 11% between 1990 and 

2019 (94). Preeclampsia and gestational hypertension increased by 25% and 184%, 

respectively, in the United States from 1986 to 2004 (95). European studies reporting 

population-level temporal trends in the prevalence of hypertensive disorders of pregnancy 

are lacking or outdated, and it is unclear how demographic changes or new clinical practices 

may impact preeclampsia prevalence (96). Older MBRN data show an increase in 

preeclampsia prevalence from 1967 to 1999 followed by a decreasing trend to 2008 (97).

Preeclampsia prevalence in non-European countries with high socioeconomic indices and 

comprehensive national healthcare systems observe conflicting results. A Canadian study 

observed a doubling of preeclampsia prevalence from 1989 to 2012 (98). An Australian 

study, however, found a decreasing prevalence of preeclampsia between 2000 and 2008, but 

an increase in eclampsia over the same time period (99).
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1.2.6 Global health perspective

The global incidence of hypertensive disorders of pregnancy increased by approximately 

10% from 16.30 million in 1990 to 18.08 million in 2019, but the age-standardized 

incidence of hypertensive disorders of pregnancy decreased by 0.68% [95% confidence 

interval (CI) -0.49 to -0.86] and maternal mortality due to hypertensive disorders of

pregnancy decreased 30.05% over the same time period (94). Age-standardized incidence 

rates were higher in low-resource countries compared to high-resource countries (94).

Globally, approximately 70 000 women and 500 000 babies die each year due to 

preeclampsia/eclampsia (15).

A 2013 World Health Organization (WHO) systematic review of 74 studies comprising 

approximately 39 million women from 40 countries estimated the global incidence of 

preeclampsia at 4.6% (95% uncertainty range 2.7-8.2%) and the global incidence of 

eclampsia at 1.4% (95% uncertainty range 1.0-2.0%) (75). The WHO Africa region had the 

highest incidence of preeclampsia incidence (5.6%) and eclampsia incidence (2.9%) (75).

Data on both preeclampsia and eclampsia were available from only seven countries, 

including Norway; data from countries and regions outside of North America and Europe

were scarce (75). The paucity of country and region-specific data on preeclampsia from low 

and middle-income countries means there is a serious knowledge gap in the understanding 

of the global burden of preeclampsia. In addition, the global, regional and country-specific 

variations in preeclampsia prevalence and risk are likely due the complex interplay of 

demographic, genetic, dietary and environmental factors (100). Preeclampsia/eclampsia is a 

major global health problem, and greater effort is needed to improve awareness and access 

to pre-conceptual counseling, as well as antenatal, intrapartum and postnatal care (15).

Preeclampsia is a known risk factor for preterm birth, but its contribution to global preterm 

birth is not well understood (101). A study of preterm birth in 5 industrialized nations 

(Czech Republic, New Zealand, Slovenia, Sweden, California USA) found that 

preeclampsia was the second biggest risk factor for preterm birth [odds ratio (OR) 2.8-5.7]

after history of preterm birth (OR 4.6-6.0) (102). In 2010, preterm livebirth rates were 

approximately 5% in Europe, 12% in USA and 18% in Africa, with 60% of all preterm 

births occurring in sub-Sahara Africa and south Asia (103). Approximately 30 percent of 

neonatal deaths in low-resource countries are due to preterm birth (104).
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The Global Network for Women’s and Children’s Health Research Maternal Newborn 

Health Registry found that adolescent parturients (< 15 years old and 15-19 years old) in 

low-resource countries had a statistically significant lower risk of hypertensive disorders of 

pregnancy compared to adult women (20-24 years old), but higher risk of adverse perinatal 

outcomes such as preterm birth and low birth weight (105). Compared to adult women, the 

risk of hypertensive disorders of pregnancy among mothers < 15 years old and 15-19 years 

old in sub-Saharan Africa and Latin America was 68% lower (OR 0.32, 95%CI 0.12-0.86)

and 14% lower (OR 0.86, 95%CI 0.077-0.95), respectively. In South Asia, 15-19 year olds 

had a 15% lower risk of hypertensive disorders of pregnancy compared to adult women (OR 

0.85, 95%CI 0.73-0.99) (105).

Although global maternal mortality decreased from 1990-2013, the percentage of deaths due 

to hypertensive diseases of pregnancy have remained approximately 13% (106). In general, 

maternal deaths were highest in older age groups, with an exponential increase in all-cause 

maternal mortality ratio (MMR, number of maternal deaths per 100 000 livebirths) from age 

30-35 (106). Maternal morbidity has not increased among adolescent parturients (< 19 years 

old) from low-middle income countries compared to young adult women (20-24 years old) 

(105).

A 2021 cross-sectional study comparing preeclampsia in Sweden and China found similar a 

prevalence of preeclampsia in both countries, but severe preeclampsia accounted for two-

thirds of cases in China and only one-third of cases in Sweden; the stillbirth rate among 

women with preeclampsia was 10 times higher in China than in Sweden (107).

1.3 Risk factors for preeclampsia

1.3.1 Socioeconomic 

Immigration, ethnicity and maternal country of birth

Older national and multinational observational studies have reported increased risk of 

preeclampsia among specific immigrant groups delivering in industrialized countries (84-

92). However, a 2010 systematic review and meta-analysis of 16 epidemiologic studies 

found a lower risk of hypertensive disorders of pregnancy among immigrant populations 
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(93). In contrast, a recent French study found that sub-Saharan immigrant women had 

almost double the risk of preeclampsia compared to French women (108).

A 2020 Australian multicenter study found lower risk of preeclampsia among ethnic 

minority groups, defined by country of birth and primary language, compared to 

Australian/New Zealand-born English speakers (109). A US study found a lower risk of 

preeclampsia among non-Hispanic black immigrant women compared to US non-Hispanic 

US (110). Another US study of over 100 000 low-risk women found higher risk of 

preeclampsia in women with ethnic discordant partners, compared to women with ethnically 

similar partners (87).

Several Norwegian studies have investigated the association between maternal country of 

birth or immigrant status and preeclampsia. One study found lower risks of preeclampsia 

among immigrants compared to Norwegians; a longer duration of residence in Norway 

narrowed the risk gap between immigrant and native women [< 5 years adjusted odds ratio 

(aOR) 0.64, 95%CI 0.59-0.70 years aOR 0.91, 95%CI 0.84-0.99] (111). In another 

study, economic immigrants had a lower risk of preterm preeclampsia, whereas refugees 

had a higher risk of preterm preeclampsia compared to Norwegian women (112). Another 

study found that immigrant women from south Asia and Africa had higher prevalence of 

pre-gestational diabetes (mostly type 2) compared to Norwegian women, but both 

immigrant and Norwegians had similar increased risk of preeclampsia compared to non-

diabetic immigrant and Norwegian controls (113). A fourth study found that mean systolic 

and diastolic blood pressures in early pregnancy (15 weeks of gestation) were lower in non-

European women in Norway compared to western European women in Norway, but mean 

systolic blood pressure increased significantly throughout pregnancy and postpartum among 

non-European women compared to European women (114).

Education and income

Very few studies have investigated the association between maternal education and 

preeclampsia. A population-based cohort study from the Netherlands found a positive 

association between low education and preeclampsia, compared to women with high 

education (aOR 4.91, 95%CI 1.93-12.52) (115). In low and middle-income countries, 

women with low educational attainment had significantly higher rates of maternal mortality 
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at six weeks postpartum, including death due to seizures and convulsions, compared to 

university-educated women (76).

Unemployed women in the UK, and those with low-wage occupations may experience a 

higher risk of severe maternal morbidity, such as eclampsia, independent of BMI, age or 

ethnicity (116). The risk of severe maternal morbidity, including eclampsia, was 

significantly higher among women from economically disadvantaged areas in Australia 

(117). In Korea, lower household income was a statistically significant independent risk 

factor for developing preeclampsia (118). Disparities in data collection may lead to 

information bias regarding the association of socioeconomic factors and preeclampsia. For 

example, in southern California, the incidence of preeclampsia was significantly 

underreported on birth certificates compared to hospital data among mothers with lower 

educational levels, Hispanic ethnicity and public insurance (119).

1.3.2 Biologic 

A 2016 systematic review and meta-analysis of 92 large cohort studies comprising a total of 

25 356 668 pregnancies found that maternal age > 35 years old, nulliparity, 

antiphospholipid syndrome, chronic hypertension, chronic renal disease, pre-gestational 

diabetes, BMI > 30 kg/m2, multifetal pregnancy, assisted reproductive technology (ART),

prior stillbirth, prior placental abruption or prior preeclampsia were associated with an 

increased risk of preeclampsia (120).

Maternal age

Maternal age has increased over the last two decades (121), and older women account for an 

increased proportion of preeclampsia cases (122). Regardless of parity, risk of preeclampsia 

increases with maternal age, but the increased risk starts earlier in nulliparous women (123).

A UK study found that increased maternal age was a risk factor for late-onset preeclampsia 

and gestational hypertension, but was not associated with an increased risk for early-onset 

preeclampsia (90). In the same study, the risk of late-onset preeclampsia and gestational 

hypertension increased by 4% per every year over 32 years (90). A population-based 

Finnish study found that preeclampsia was more frequent among women with advanced 

maternal age (9.4% in women > 35 years) compared to younger women (6.4% in women < 

35 years) (124). An Israeli study found a higher incid
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years old compared to younger parturients, with an even greater risk among women > 50 

years old compared to 45-49 years old (125).

Body mass index, weight

Elevated body mass index (BMI) is associated with adverse pregnancy outcomes, including 

hypertensive diseases of pregnancy (126). A multicenter prospective US study found that 

women with 1st-trimester obesity (BMI 30.0-34.9 kg/m2) had an approximately two-fold risk 

of gestational hypertension (aOR 2.5, 95%CI 2.1-30) and preeclampsia (aOR 1.6, 95% CI 

1.1-2.25) compared to women with BMI < 30.0 kg/m2 .0

kg/m2) had three-fold risk of gestational hypertension (aOR 3.2, 95%CI 2.6-4.0) and 

preeclampsia (aOR 3.3, 95%CI 2.4-4.5) (127). A recent large population-based US study of 

15.8 million women found a positive linear association between obesity (BMI > 30 kg/m2)

and risk of early and late-onset hypertensive disorders of pregnancy compared to women 

with BMI 18.5-29.2 kg/m2 (128). A linear correlation between 5 kg/m2 increments in BMI 

and preeclampsia has been found, but only in late-onset disease (129). A Swedish study 

found that short stature (< 163 cm) independent of BMI was associated with both term and 

preterm preeclampsia regardless of severity (130).

A multicenter Chinese study found an association between elevated pre-pregnancy BMI (> 

24.0 kg/m2) and preeclampsia, both in women with and without diabetes, although this 

study did not adjust for possible confounders (18). A 2015 systematic review and meta-

analysis of BMI and adverse pregnancy outcomes in low and middle-income countries 
2 and hypertensive disorders of 

pregnancy, with a population-attributable risk between 14-35% (131). Other studies have 

not found an association between elevated BMI and early (26, 132) or intermediate-onset 

(34+0-36+6 weeks of gestation) preeclampsia (26).

Data from the SCreening fOr Pregnancy Endpoints study (SCOPE) showed that in 

nulliparous women, low maternal birth weight (< 2500 g) was associated with an 

approximately two-fold risk of gestational hypertension and preeclampsia compared to 

women with normal birth weight (3000-3499 g); a similar increase in risk was observed in 

women with low maternal birth weight and elevated early pregnancy (15 weeks of 

gestation) body mass (BMI > 25 kg/m2) compared to women with low birth weight and lean 

body mass (BMI < 25 kg/m2) (133).
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Gestational weight gain is also associated with gestational hypertension and preeclampsia 

(132, 134-136). However, a recent meta-analysis, of which 37.9% of the study participants 

were from Norway, suggested that pre-pregnancy BMI, more so than gestational weight 

gain, is associated with adverse maternal outcomes, including preeclampsia (137). Optimal 

gestational weight gain during pregnancy may have a protective effect on the development 

of term preeclampsia (138).

Comorbidities

Diabetes

A population-based Norwegian study of over 1.1 million deliveries found the risk of 

preeclampsia was six times higher among women with the type 1 diabetes compared to the 

background population (aOR 6.0, 95%CI 5.2-6.9) (139). Nulliparity, diabetic vasculopathy,

gestational weight gain, and chronic hypertension are risk factors for preeclampsia among 

women with type 1 diabetes (140, 141). A small Finnish study with 903 nulliparous and 

parous women found a positive association between type 1 diabetes and preterm

preeclampsia, but no association at term (26). A population-based study in Taiwan also 

found a positive association between type 1 diabetes and preeclampsia and eclampsia (142).

A Swedish study of both nulliparous and parous women with pre-gestational diabetes (type 

1 or type 2) showed an increased risk of both preterm and term preeclampsia (143). A

Canadian study found that pre-pregnancy diabetes alone increased the risk of preterm 

preeclampsia (aOR 8.63, 95%CI 6.59-11.31); the risk increased substantially in women with 

both pre-pregnancy diabetes and chronic hypertension (aOR 65.47, 95%CI 45.47-94.27)

(144). An Australian study found a nearly three-fold increased risk of preeclampsia among 

women with type 2 diabetes (aOR 2.75, 95%CI 1.49-5.10) (145).

In a Brazilian study, women with gestational diabetes and a prior history of gestational 

diabetes, advanced maternal age (> 

or obesity had higher risk for hypertensive disorders of pregnancy compared to women with 

gestational diabetes without these comorbidities (146). Studies have investigated the 

association between gestational diabetes and gestational hypertension with conflicting 

results. A small Swedish cohort study did not find an association between the two (147),

whereas a US case-control study found a positive association (148).
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An independent association between type 1 or type 2 diabetes and gestational hypertension

has not been observed (145).

Chronic hypertension

Approximately 23% of women with chronic hypertension develop superimposed 

preeclampsia (1). A US study of over 56 million deliveries found that the incidence of 

chronic hypertension among pregnant women increased significantly from 0.90% in 1995-

1996 to 1.52% in 2007-2008, and the population attributable fraction of chronic 

hypertension was 11% for preeclampsia (72). A systematic review and meta-analysis of 55 

studies comprising 795 221 pregnancies found that the pooled incidence of superimposed 

preeclampsia among women with chronic hypertension was 25.9% (95%CI 21.0%-31.5%), 

and the relative risk for superimposed preeclampsia was nearly 8 times that of preeclampsia 

in the general population [relative risk (RR) 7.7, 95%CI 5.7-10.1] (149). A population-based 

Dutch study of over 1 million women found an eight-fold increased risk of superimposed 

preeclampsia (aOR 8.0, 95% CI 7.1.9.0%) and a four-fold increased risk of eclampsia (aOR 

3.9, 95% CI 1.2-12.2) among women with chronic hypertension compared to non-

hypertensive women (150). A UK study found a six-fold increased risk of preterm 

superimposed preeclampsia (aOR 6.23, 95%CI 4.83-8.04) and a five-fold increased risk of 

superimposed preeclampsia at term (151).

A Canadian study found that women with chronic hypertension had 45 times increased risk 

of preterm birth due to preeclampsia (aOR 45.42, 95%CI 36.69 -51.99) compared to healthy 

controls (144). Women with chronic hypertension who were managed expectantly after 

39+0 weeks of gestational age were found to have a significantly higher incidence of severe 

preeclampsia compared to those with planned delivery at 39+0 to 39+6 weeks (0% vs 

10.3%) (152). The incidence of preeclampsia was higher in women with chronic 

hypertension requiring antihypertensive medication before pregnancy compared to those 

with a pre-pregnancy history of chronic hypertension not requiring medication (153).

Cessation of antihypertensive therapy in pregnant women with mild to moderate chronic 

hypertension (systolic blood pressure 140-159 mmHg or diastolic blood pressure 90-109

mmHg) did not increase the risk of preeclampsia compared with hypertensive women who 

remained on antihypertensive therapy during pregnancy (154).



35

Chronic kidney disease

Chronic kidney disease shares similar signs and symptoms of preeclampsia (155) but the use 

of biomarkers such as sFlt-1 and PlGF can help differentiate the two conditions (156). An 

Indian study of 80 pregnant women with chronic kidney disease found that women with late 

stage disease had nearly twice the incidence of preeclampsia compared to women with early 

stage disease (76.5% vs 39.1%) (157). A systematic review and meta-analysis of four

studies of pregnant women with IgA nephropathy found a high incidence of preeclampsia in 

these women (7.3%, 95%CI 4.9-10.6%) (158).

Antiphospholipid syndrome

Antiphospholipid syndrome (Hughes syndrome) is an acquired thrombophilia, characterized 

by vascular thrombosis and/or obstetric complications in the setting of the persistent 

presence of antiphospholipid antibodies and/or lupus anticoagulant (LA) (159).

Antiphospholipid antibodies include anti-cardiolipin antibodies (aCL) and/or anti- 2

glycoprotein I antibodies (anti- 2GPI) (160). Antiphospholipid antibodies activate 

endothelial cells, monocytes and platelets and induce a prothrombic state mediated by tissue 

factor and Thromboxane A2 (161). In addition, antiphospholipid antibodies may interact

with clotting factors resulting in decreased inactivation of procoagulants and impaired

fibrinolysis (161). Other unconventional antiphospholipid antibodies such as IgM anti-

phosphatidylserine/prothrombin are also associated with endothelial dysfunction (162).

Approximately 80% of people with antiphospholipid syndrome have a persistently positive 

aCL test, 20% have a persistently positive LA test, and approximately 60% test positive for 

both aCL and LA (163). Less than 20% of people with antiphospholipid syndrome have a 

positive anti- 2GPI test (164).

An association between LA and preeclampsia was first observed in 1985 (165). Soon after, 

the presence of aCL and LA was found to be associated with an increased risk of early-onset 

severe preeclampsia (166). A 2010 systematic review and meta-analysis of 12 studies found 

an increased risk of severe preeclampsia in women with aCL (pooled OR 11.15, 95% CI 

2.66-46.75) (167). In a 2017 Italian multicenter retrospective cohort study with 750 

pregnant women with antiphospholipid syndrome, women with > 1 antiphospholipid 

antibody (defined as aCL, anti- 2GPI, and/or LA) had a higher incidence and risk of 

preeclampsia with and without severe features compared to women with only one

antiphospholipid antibody (168). Additionally, women with anti- 2GPI alone had a higher 
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incidence of preeclampsia with and without severe features compared to women with LA 

alone or aCL alone (168). A 2018 case-control study found that women with severe 

preeclampsia and/or placental insufficiency who delivered before 36+0 weeks gestation had 

higher risk of antiphospholipid antibodies (thus antiphospholipid syndrome) than matched 

controls (aOR 8.9, 95% CI 1.9-41.4) (169).

Systemic Lupus Erythematosus

Preeclampsia incidence among women with systemic lupus erythematosus (SLE) is 15-30%

and may be due to lupus nephritis, use of cortisone or the presence of antiphospholipid 

antibodies (170). A case-control study found that sFlt-1 concentrations were significantly 

higher among pregnancies with SLE and preeclampsia compared to matched controls with 

SLE and without preeclampsia (171). A 2020 systematic review and meta-analysis of 10 

studies comprising over 6000 women with SLE found a three-fold increased risk of 

preeclampsia compared to healthy controls (pooled OR 2.99, 95%CI 2.31-3.88) (172). A

Swedish study found an eight-fold higher risk of early-onset preeclampsia among women 

with SLE compared to healthy pregnant controls [adjusted relative risk (aRR) 7.8, 95%CI 

4.8-12.9] (173).

Smoking

Smoking has long been known to have a protective effect against the development of 

preeclampsia. A 2015 systematic review and meta-analysis of 17 studies comprising over 

1.8 million pregnant women found a one-third decreased risk of preeclampsia among 

women who smoke compared to women who do not (pooled aOR 0.67, 95%CI 0.60-0.75) 

(174). Smoking was found to be protective against both early and late-onset preeclampsia in 

a US study (80), but a 2000 Norwegian study found no association between smoking and 

early-onset disease (175). A population-based study from Murmansk, Russia found an 

inverse dose-response relationship between smoking and preeclampsia (176). An inter-

pregnancy change in smoking habits (initiation of smoking between pregnancies) or 

smoking in two successive pregnancies was associated with a lower risk of preeclampsia in 

the second of the two pregnancies compared to women who did not smoke in either 

pregnancy (177).
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1.3.3 Obstetric

Infertility and ART

A 2019 systematic review and meta-analysis of 48 studies found a positive association 

between ART and preeclampsia (pooled RR 1.71, 95%CI 1.11-2.62) (178). A 2020 

systematic review and meta-analysis of 72 studies found a 10.8% (95%CI 9.10-12.5%) 

pooled incidence of preeclampsia among with ART (17). The underlying cause of infertility 

may affect preeclampsia risk, possibly due to abnormal inflammatory, metabolic and 

hormonal mechanisms (179). A 2018 systematic review and meta-analysis of 2.87 million 

deliveries found no association between endometriosis and preeclampsia in women with or 

without ART (180). However, women with polycystic ovarian syndrome had an increased 

risk of preeclampsia independent of ART (181). A case-control study of ART due to 

unexplained infertility compared to matched controls (ART due to male infertility) found no 

difference in risk of preeclampsia in singleton pregnancies (182).

An increased risk of preeclampsia was seen in pregnancies with hyperestrogenic ovarian 

hyperstimulation with clomiphene or gonadotropins; non-hyperestrogenic ovarian 

hyperstimulation with aromatase inhibitors did not increase the risk of preeclampsia 

compared to spontaneous pregnancies (183). A US retrospective cohort study of over 1 

million deliveries found a decreasing trend in the incidence of severe maternal morbidity, 

including hypertensive disorders of pregnancy, among nulliparous women with ART 

between 2008 and 2012, although the incidence remained higher than among non-ART 

women (184).

The association between ART and preeclampsia has also been studied in Norway. A study 

using birth register data from Norway, Sweden, Denmark and Finland found that 

preeclampsia risk was higher in twin pregnancies after ART than in spontaneously 

conceived twins (185). A Scandinavian study found that ART in singleton pregnancies were

associated with an increased risk of hypertensive disorders of pregnancy compared to 

spontaneous conception in women < 35 years old, but there was no difference in risk 

(186). A cohort study using data from 

the Norwegian Mother and Child Cohort (MoBa) found an increased risk of preeclampsia 

among women treated for infertility (187). Another population-based Norwegian study 

found that risk of preeclampsia from ART increases with parity even after adjusting for 

birth interval and maternal age (188).
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Parity

Nulliparity is known risk factor for preeclampsia with a population attributable fraction of 

approximately 32% (120). The risk of preeclampsia among nulliparous women is two to 

three times the risk for multiparous women (189). A recent population-based cohort study 

from France found that increased risk of hypertensive disorders of pregnancy was higher in 

nulliparous woman, regardless of maternal age (123).

Multifetal pregnancy

Twin pregnancies are associated with an increased risk of hypertensive disorders of 

pregnancy (190). A recent study using data from the MBRN found that the prevalence of 

preeclampsia was approximately 3.5 times higher, and the risk of preeclampsia was four

times greater in twin compared to singleton pregnancies (aOR 4.07, 95%CI 3.65-4.54), but 

there was no increased risk of gestational hypertension (83). Growth discordance in 

dichorionic twin pregnancies was found to be an independent risk factor for preeclampsia 

(191). The association between twin pregnancies and preeclampsia may be more related to 

the increased burden of the fetoplacental unit than to a woman’s underlying cardiovascular 

risk factors, as suggested by clinical studies in Norway and Sweden: Preeclampsia 

recurrence risk was less when preeclampsia was in a prior twin pregnancy compared to a 

prior singleton pregnancy (192). Additionally, the association between preeclampsia and 

future cardiovascular disease was seen only in prior singleton pregnancies and not prior 

multifetal pregnancies (193).

Pregnancy interval

Although multiparity is associated with lower preeclampsia risk, long pregnancy interval 

may be associated with preeclampsia. A systematic review and meta-analysis of two studies 

found a 10% increase in preeclampsia risk among women with a pregnancy interval > 4 

years, compared to women with a pregnancy interval of 2-4 years (aOR 1.10, 95% 1.02-

1.19) (194). A small single-center Australian study found 1.5-2 times increased risk of 

(195). A 2002 Norwegian study found tha

preeclampsia risk similar to nulliparous women, even after controlling for maternal age and 

paternity (196). A small single-center US study found no association between pregnancy 

interval and risk of preeclampsia (197).



39

Previous preeclampsia

Hypertensive diseases in pregnancy increase the risk of adverse outcomes, including 

recurrent preeclampsia in future pregnancies. In a UK study, women with a prior history of 

preeclampsia had a four-fold increased risk of early-onset preeclampsia and a two-fold 

increased risk of late-onset preeclampsia compared to nulliparous women (90). A Swedish 

study found a nearly three-fold increased risk of early-onset preeclampsia in the subsequent 

pregnancy among women with late-onset preeclampsia and SGA infants, compared to 

women with late-onset preeclampsia and non-SGA infants (198). A population-based 

Norwegian study found a 10-fold increased risk of repeat gestational hypertension and term 

preeclampsia in the next pregnancy, a 27-fold increased risk of repeat late-preterm 

preeclampsia (33+0 to 36+6 weeks of gestation), and a 97-fold increased risk of repeat early 

preterm preeclampsia (25+0 to 32+6 weeks of gestation) compared to women without HDP 

in the first pregnancy (199). Another population-based Norwegian study found a two-fold 

increased relative risk of preterm birth in a subsequent pregnancy after a term delivery 

complicated by preeclampsia, compared to uncomplicated deliveries at term (200).

Other previous adverse pregnancy outcomes

Adverse pregnancy outcomes in a previous pregnancy may increase the risk of preeclampsia 

in a subsequent pregnancy. Previous preterm birth increased the risk of preeclampsia in a 

subsequent pregnancy in both Danish (201) and Norwegian (200, 202) population-based 

cohort studies. Compared to women with no prior miscarriage and infertility treatment, 

women with recurrent miscarriage ending before 22+0 weeks of gestation, 

including ectopic pregnancies) and a history of infertility treatment had increased risk of 

preeclampsia, but women with recurrent miscarriage and no prior infertility treatment did 

not (187). Induced abortion, with or without a prior history of spontaneous abortion, did not 

increase the risk of preeclampsia (203).

1.3.4 Other
There may be a genetic component to hypertensive disorders of pregnancy, as suggested by 

studies finding a two to three-fold increased risk of preeclampsia among sisters (90, 204)

and/or mothers (90, 205).

Paternity, sperm exposure, and underlying immunological mechanisms may also affect the 

risk of preeclampsia. A systematic review and meta-analysis of seven studies comprising 
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over 10 000 women found that pregnancies with donor sperm had a 63% increased risk of 

preeclampsia compared to pregnancies with a partner’s sperm (aOR 1.63, 95%CI 1.36-1.95) 

(206). Another systematic review and meta-analysis of seven studies including over 7000 

women found that nulliparous women with considerable partner sperm exposure or more 

than one year of co-habitation had lower risk of preeclampsia compared to women with 

minimal exposure to paternal sperm (207). New paternity in a subsequent pregnancy may 

increase the risk of preeclampsia compared to same paternity (195), but two Norwegian 

studies found a lower risk preeclampsia with new paternity after adjusting for pregnancy 

interval (196, 208). A study from Jordan where there is a high prevalence of first-cousin 

marriages, found no association between consanguinity and severe preeclampsia (209). 

Environmental exposures are also associated with preeclampsia risk. Early pregnancy 

exposure to organic compounds such as perfluoroalkyl substances has been associated with 

preeclampsia in a Swedish study (210). A systematic review and meta-analysis of 17 studies 

found an association between air pollutants and hypertensive disorders in pregnancy (211). 

A US study found that 1st-trimester exposure to traffic pollution and wood smoke was 

associated with a dose-response increased risk of early-onset preeclampsia (212). Seasonal 

variations in preeclampsia prevalence in Norway also suggest possible environmental 

influences (213). 

Severe psychological stress has been associated with preeclampsia, according to a study 

using population data from Denmark and Sweden, with the greatest association observed 

between death of a child within six months of conception to the start of the 2nd-trimester of 

pregnancy and risk of early-onset preeclampsia (aOR 4.03, 95%CI 2.46-6.61) (214). 

However, neuroticism, as self-reported in the Swedish universities Scales of Personality, 

was not found to increase the risk of preeclampsia (215). 

Emerging data suggests that COVID-19 may be associated with a higher incidence of 

preeclampsia (216) or a preeclampsia-like syndrome (217). Severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) binds to angiotensin converting enzyme-2 (ACE-2) 

receptors which then downregulates the conversion of angiotensin II (vasoconstrictor) to

angiotensin-(1-7) (vasodilator and anti-inflammatory) (Figure 6) (218). Reduced 

angiotensin-(1-7) may promote vasoconstriction, inflammation and thrombosis (218). 

Placentas from women with COVID-19 have significantly greater evidence of maternal 
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vascular malperfusion, but no increased findings of acute or chronic inflammation, 

compared to healthy controls (219). Molecular studies suggest that SARS-CoV-2 is unlikely 

to infect the placenta since the ACE2 receptor and protease TMPRSS2 used by SARS-CoV-

2 to gain entry into the host cell are only minimally expressed by the human placenta 

throughout pregnancy (220). In addition, vertical transmission is unlikely, as SARS-CoV-2 

receptors are not expressed by the chorioamniotic membranes in the third trimester, in 

contrast to viral receptors utilized by cytomegalovirius and Zika virus that are highly 

expressed by the human placental tissues (220). 

Figure 6. Pregnancy, coronavirus disease 2019 (COVID-19), and mechanisms of vascular damage. 
Upregulation of angiotensin-converting enzyme 2 (ACE2) receptor in pregnancy may increase the risk of 
severe acute respiratory syndrome coronavirus 2 infection. Binding of virus to ACE2 causes its 
downregulation and may increase angiotensin (Ang) II relative to Ang-(1-7), thus favoring vasoconstriction, 
which can mimic/worsen vascular dysfunction in preeclampsia. Reprinted from Narang K, Enninga EAL, 
Gunaratne M, Ibirogba ER, Trad ATA, Elrefaei A, et al. SARS-CoV-2 Infection and COVID-19 During 
Pregnancy: A Multidisciplinary Review. Mayo Clin Proc. 2020;95(8):1750-65 with permission from Elsevier 
Science & Technology Journals.
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1.4 Preeclampsia morbidity and mortality

1.4.1 Maternal

Maternal Morbidity

Adverse maternal outcomes associated with preeclampsia include acute renal failure, 

cerebrovascular accidents and transient ischemic attack, myocardial infarction, seizure 

(eclampsia), thrombocytopenia, postpartum hemorrhage, disseminated intravascular 

coagulation, deep vein thrombosis, pulmonary embolism, pulmonary edema and death 

(221). Women with severe preeclampsia have higher risk of adverse outcomes than women 

with mild preeclampsia (221). Severe morbidity from preeclampsia, such as shock, stroke, 

heart failure, sepsis and blood transfusion, disproportionately affects women at extremes of 

age; women age 25-34 years old with preeclampsia had the lowest risk of adverse maternal 

outcome, according to a US study (122). In the same US study, there was a linear 

association between maternal age and acute renal failure, acute heart failure and stroke due 

to preeclampsia, but the incidence of eclampsia was highest in the youngest age group (15-

17 years old) (122).

Maternal seizures in the setting of preeclampsia is the defining feature of eclampsia (14, 

70). Eclampsia can occur antepartum, intrapartum, postpartum (< 48 hours) or, less 

commonly, late postpartum (< 23 days) (222). Twenty percent of women do not have any 

premonitory signs or symptoms prior to the first seizure (223). Mean cerebral magnesium 

levels are lower in women with preeclampsia compared to normotensive pregnant and non-

pregnant controls; visual disturbances accompanying preeclampsia also correlates with 

lower magnesium levels (224).

Eclampsia is often associated with posterior reversible encephalopathy syndrome (PRES), 

which is characterized by vasogenic cerebral edema, usually in the occipital and parietal 

lobes, causing headaches, altered mental status and visual symptoms such as visual field 

deficits and cortical blindness (225-227). A 2020 case-control study of 72 consecutive 

women with preeclampsia or eclampsia found that hypomagnesemia was more prevalent 

among those with PRES (24 of 38 cases, 63%) than those without (2 of 34 controls, 6%) 

(228). Although the exact pathophysiologic mechanism is unknown, it is generally accepted 

that cerebral dysfunction and injury is due to endothelial dysfunction and disruption of the 

blood-brain barrier (225, 227). A Swedish cross-sectional case-control study found that glial 
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cell-derived protein S100B, a cerebral biomarker for blood-brain barrier damage, was 

significantly increased in women with preeclampsia, and particularly those with visual 

disturbances, compared to matched controls (229). Elevated cerebral biomarkers are found 

in women with preeclampsia at least one year postpartum (230).

Stroke associated with hypertensive disorders of pregnancy is primarily due to ischemia or 

hypertensive intracerebral hemorrhage (225). Women with any hypertensive disorder in 

pregnancy have a six to nine-fold increased risk of stroke compared to normotensive 

pregnant women (231). The risk of stroke in preeclampsia is five times greater than in 

normotensive pregnant women (232). A population-based US study found that hypertensive 

parturients with either ischemic, hemorrhage or unclassified stroke were more likely to have 

co-morbidities such as heart disease, peripheral vascular disease, coagulopathies or previous 

stroke compared to hypertensive women without stroke (233). Another US case-control 

study found that women with preeclampsia and pregnancy-associated stroke were more 

likely to have severe preeclampsia, eclampsia, infections on admission, coagulopathies, 

prothrombotic states or chronic hypertension compared to matched controls, and that stroke 

was most common in the postpartum period (234).

Hypertensive disorders of pregnancy are associated with an increased risk of peripartum 

cardiomyopathy, with the risk highest among women with severe preeclampsia (RR 21.1, 

95%CI 12.0-37.4), according to a Danish register study (235). Increased anti-angiogenic 

factor sFlt-1associated with preeclampsia induces maternal cardiac dysfunction (236), and 

women with preeclampsia who are genetically vulnerable to cardiac disease may be more 

likely to develop peripartum cardiomyopathy (237).

Preeclampsia is also associated with postpartum depression, especially in the setting of 

adverse perinatal outcomes (238). Women with severe preeclampsia have a greater risk of 

postpartum depression compared to women with mild preeclampsia (239). A systematic 

review and meta-analysis found a positive association between history of preeclampsia and 

depression, as well as between preeclampsia and a higher severity of depressive symptoms 

(240).
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Maternal mortality

Preeclampsia is the number one cause of maternal mortality in high-income countries (6, 

241) and a leading cause (10-17%) of maternal mortality in middle and low-income 

countries (6, 242). An Australian study found that women with preeclampsia/eclampsia had 

five times the risk of dying within one year after delivery compared to normotensive women 

(99). A Danish registry-based retrospective cohort study found an association between 

hypertensive disorders of pregnancy and early maternal death due to cardiovascular disease

(243). Eclampsia is associated with maternal mortality in both high and low-income 

countries (222, 244, 245). In high income countries, 10-60% of deaths from eclampsia are 

attributed to intracerebral hemorrhage (246, 247). Eclampsia rates and eclampsia case-

fatality declined dramatically in high income countries between 1940 and 1970 due to 

improvements in prenatal care and improved access to hospitals with obstetric services 

(248). Routine use of magnesium sulfate for the prevention and treatment of eclampsia has 

also significantly reduced the incidence of eclampsia and maternal death due to eclampsia 

(249, 250). Significantly higher rates of maternal mortality from eclampsia in low-income 

countries are likely due to underlying health inequities in low-resource settings (245).

From 1996 to 2014, the most common cause of maternal death in Norway was hypertensive 

diseases of pregnancy (16 of 74 deaths), of which 14 (86%) of those deaths were due to 

substandard obstetric care (251). Of the 13 maternal deaths in Norway from 2012-2018 one 

death was due to preeclampsia (252).

Long-term maternal complications

Epigenetic changes due to maternal vascular remodeling and systemic inflammation during 

preeclampsia predispose women with a history of preeclampsia to long-term health 

complications (30, 253, 254). Preeclampsia is a known risk factor for cardiovascular disease 

later in life (255, 256) and may be associated with specific vascular-related polymorphisms 

(257). A population-based Swedish study found that preeclampsia in singleton pregnancies, 

but not twin pregnancies, increased the risk of future cardiovascular disease [adjusted 

hazard ratio (aHR) 1.75, 95%CI 1.64-1.86] (193). Preeclampsia is also associated with 

cardiomyopathy later in life (258).

A history of preeclampsia also increases the risk of future hypertension, end-stage renal 

disease, diabetes and metabolic disease (256). A Danish registry-based cohort study found 
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an increased risk of subsequent hypertension and type 2 diabetes in women with previous 

hypertensive disorders of pregnancy (259). A study using register data in Scotland found 

that women with a history of hypertensive disorders of pregnancy had an increased risk of 

developing chronic kidney disease and a shorter time to chronic kidney disease compared to 

normotensive pregnant women (260). Obesity may be a significant confounder in the 

association between preeclampsia and subsequent end stage renal disease (261). Women 

with SLE and hypertensive disorders in pregnancy had a three-fold increased risk of future 

hypertension and a two-fold increased risk of future cardiovascular disease, according to a 

2021 Swedish study (262).

1.4.2 Fetal

Fetal morbidity

Defective deep placentation resulting in thrombosis and atherosis of myometrial spiral 

arteries in preeclampsia can lead to FGR (263). FGR with ultrasound-derived estimated fetal 

weight < 10th percentile for gestational age has been associated with peripartum 

complications such as oligohydramnios, non-reassuring fetal heart tracings, low APGAR 

scores, umbilical artery pH < 7.00, and stillbirth (56, 264). FGR is also associated with 

adverse neonatal outcomes such as hematologic disorders, hypothermia, apnea, seizures, 

sepsis and death (56, 265). Abnormal umbilical artery Doppler indices in the setting of FGR

is pathognomonic for uteroplacental insufficiency, and absent or reverse end-diastolic flow 

is highly predictive of perinatal death (264).

Fetal mortality

Severe preeclampsia is associated with a higher risk of IUFD, with approximately 21 

stillbirths per 1000 live births compared to the baseline rate of three stillbirths per 1000 live 

births after 28+0 weeks of gestation (3). A single-center UK study using data from 1987 to 

1997 reported a 16% incidence of stillbirth pregnancies complicated by preeclampsia < 

30+0 weeks of gestation (266). A population-based Norwegian study found an overall 

increased risk of IUFD of 5.2 per 1000 pregnancies compared to the population risk of 3.6 

per 1000 pregnancies (267). The risk of stillbirth was dramatically higher in pregnancies 

complicated by early-onset preeclampsia, namely 11.6 stillbirths per 1000 pregnancies with 

preeclampsia at 26+0 weeks of gestation compared to 0.1% stillbirths per 1000 pregnancies 

without preeclampsia at the same gestational age (267). Another Norwegian study using 

MBRN data from 1967 to 2003 found an inverse relationship between labor induction and 
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stillbirth over time, suggesting that aggressive management of preeclampsia improved 

intrauterine fetal survival (4).

1.4.3 Neonatal

Neonatal morbidity

A major neonatal complication of preeclampsia is preterm birth (268). Complications of 

preterm birth include respiratory distress syndrome, bronchopulmonary dysplasia (BPD),

necrotizing enterocolitis, sepsis, neurologic complications such as cerebral palsy, 

intraventricular hemorrhage, hypoxic ischemic encephalopathy, seizures, periventricular 

leukomalacia, visual and/or hearing impairment, feeding difficulties and death (101).

BPD is a serious chron +0 weeks of gestation who 

still require supplemental oxygen after mechanical ventilation and treatment with high 

levels of oxygen due to preterm birth (269). Newborns with BPD have decreased lung 

angiogenic VEGF, disrupted pulmonary vascular growth and abnormal alveolarization, and 

the pathophysiology of the disease may start in utero (270, 271). It has been hypothesized 

that fetal hypoxia due to uteroplacental insufficiency from preeclampsia may adversely 

affect normal fetal angiogenesis in the lung and predispose the neonate to BPD (3). An 

observational cohort study found that preeclampsia between 24+0 and 31+6 weeks of 

gestation was associated with development of BPD in preterm neonates (272). BPD risk was 

present in preeclampsia pregnancies with FGR, but not without FGR (273).

In early-onset severe preeclampsia, neonatal outcomes including birthweight, APGAR score 

< 7, NICU admission and length-of-stay, common neonatal morbidities including BPD and 

birth injury were not worse with induction of labor compared to elective cesarean delivery, 

however vaginal delivery was rarely successful at < 28+0 weeks of gestation (6.7%) (274).

Premature birth at < 28+0 weeks of gestation was associated with more favorable neonatal

outcomes in babies born to women with preeclampsia compared to women without 

preeclampsia, but the trend was reversed in deliveries between 32+0 to 33+6 weeks (275).

The authors of this study from a US tertiary care hospital postulated that the higher 

prevalence of FGR in the preeclampsia cohort may have accounted for the more unfavorable 

neonatal outcomes at 32+0 to 33+6 weeks of gestation (275).
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In general, late preterm delivery (34+0 to 36+6 weeks of gestation) is associated with higher 

neonatal morbidity (276-278) and mortality (276, 277, 279) compared to term infants. Late 

preterm birth due to preeclampsia is associated with adverse neonatal outcomes such as 

respiratory distress syndrome, transient tachypnea of the newborn, persistent pulmonary 

hypertension, and respiratory failure (3). Nonetheless, planned late preterm delivery for 

hypertensive disorders of pregnancy is still a common obstetrical practice. A US national 

database study found that a quarter of women with mild gestational hypertension without 

any maternal or fetal complications underwent iatrogenic late preterm delivery; these 

deliveries were associated with a higher prevalence of neonatal complications compared to 

term infants (280).

Preeclampsia has a direct effect on neonatal outcomes beyond complications due to 

prematurity alone, and statistical modelling suggests increased risk of perinatal mortality, 

small-for-gestational age, NICU admission and respiratory distress syndrome in infants 

delivered at term (37 weeks of gestation) to women with preeclampsia (281). Preeclampsia 

in a prior pregnancy increased the risk of stillbirth, placental abruption, preterm birth and 

small-for gestational-age infant in a subsequent pregnancy, according to a Swedish cohort 

study (282).

Overall, adverse newborn and infant outcomes are related to the severity of hypertension 

disorder of pregnancy. A study using population-based data from California found that mild 

preeclampsia did not increase the risk of adverse infant outcomes up to one year of age, 

whereas severe preeclampsia increased the risk (221). Another US study found no 

difference in perinatal outcomes in infants born to women with mild gestational 

hypertension or mild preeclampsia compared to normotensive women; severe gestational 

hypertension was associated with higher rates of preterm delivery and small-for-gestational 

age infants compared to women with mild preeclampsia (283). Maternal co-morbidities 

(chronic hypertension, pre-gestational or gestational diabetes, twin pregnancy) in the setting 

of early-onset severe preeclampsia did not increase the risk of adverse neonatal outcomes 

compared to severe preeclampsia alone, with the exception of FGR (284).

Neonatal mortality

The higher prevalence of small-for-gestational age infants born to women with preeclampsia 

may be a contributing factor to perinatal and infant mortality (285). A Dutch study found 
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higher perinatal mortality (< 28 days) and infant mortality (< 1 year) in neonates born to 

women with preeclampsia < 32+0 weeks of gestation compared to age-matched controls 

(285). Increased use of labor induction in Norway has not affected the two-fold increased 

risk of neonatal death among babies born to mothers with preeclampsia (4).

Long-term complications in offspring

A population-based Danish study of long-term (up to 27 years after delivery) outcomes of 

offspring exposed in-utero to preeclampsia found increased risk of hospitalization in every 

year after delivery due a variety of different diseases, including infection and diseases of 

metabolic, nutritional, hematologic and endocrine origin, in the exposed group born at term 

compared to the unexposed group (286). Duration of in-utero exposure to both mild and 

severe preeclampsia is directly associated with long-term (up to 30 years) morbidity of the 

offspring (287). In contrast, first-trimester pregnancy-induced hypertension improves long-

term morbidity and mortality in the offspring (288). Data from Finland links intrauterine 

growth restriction with the development of type 2 diabetes, stroke and heart disease later in 

life (289). The association between FGR and adult-onset disease may be due to epigenetic 

influences by which different physiologic traits develop due to adverse in-utero conditions 

(289, 290).

1.5 Preeclampsia prevention

1.5.1 Screening methods

Studies have investigated numerous clinical, sonographic, genetic and biochemical markers 

in an attempt to predict which women will develop preeclampsia. A 2019 umbrella review 

of 126 systematic reviews encompassing more than 25 million women, over 90 potential 

predictors and 52 prediction models found that no single marker had a sensitivity and 

specificity > 90%, however the use of a select combination of markers increased the 

sensitivity and specificity to > 80% (291). Screening for early-onset preeclampsia has better 

overall sensitivity and specificity than for late-onset preeclampsia, but the positive 

predictive value of screening low-risk women is low (10).

In 2013, a new model for 1st-trimester screening of high-risk women was developed using 

maternal mean arterial pressure (MAP), mean uterine artery pulsatility index (UtA-PI),

serum pregnancy-associated plasma protein-A (PAPP-A) and PlGF at 11+0 to 13+6 weeks 

of gestation with a 96% sensitivity for preeclampsia requiring delivery before 34+0 weeks 
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of gestation and a false positive rate 10% (292). A 2017 prospective observational study 

from the ASPRE (Combined Multimarker Screening and Randomized Patient Treatment 

with Aspirin for Evidence-Based Preeclampsia Prevention) trial using the aforementioned 

1st-trimester screening protocol reported 76.7% sensitivity for preterm preeclampsia and 

43.1% sensitivity for term preeclampsia, with a screen-positive rate 10.5% and a false 

positive rate 9.2% (293).

The Fetal Medicine Foundation (FMF) has developed a risk calculator for preeclampsia 

screening in all three trimesters, using a combination of maternal characteristics, biophysical

markers and biochemical markers (so called “triple test”), with a risk cut-off of 1:100

(Figure 7) (294). Screening with maternal characteristics in all three trimesters include age, 

BMI, race/ethnicity, smoking during pregnancy, ART, history of preeclampsia, diabetes, 

chronic hypertension, SLE, antiphospholipid syndrome, parity, gestational age and 

singleton/twin gestations (294). Biophysical markers in all three trimesters include MAP 

and mean UtA-PI (294). Trimester-specific biochemical markers include the following:

1st-trimester (11+0 to 14+1 weeks of gestation): serum PlGF and/or PAPP-A

2nd-trimester (19+0 to 24+6 weeks of gestation): serum PlGF and/or sFlt-1

3rd-trimester (30+0 to 37+6 weeks of gestation): serum PlGF and/or sFlt-1 (294)

Using the FMF 1st-trimester combined screening algorithm, the number needed to screen to 

prevent one case of preeclampsia is 143, 250 and 400 at any gestational age, < 37+0 weeks 

of gestation and < 34+0 weeks of gestation, respectively (295). A 2014 Norwegian study 

found that the FMF 1st trimester screening algorithm had a sensitivity of 80% (95%CI 28.4-

99.5%) for predicting preterm preeclampsia, but performed poorly when predicting 

preeclampsia at < 42+0 weeks of gestation (sensitivity 40%, 95%CI 19.1-63.9%) (296).
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Figure 7. Screening performance of the first trimester FMF prediction model for preeclampsia according to the 
different combinations at FPR of 10%. Reprinted from Chaemsaithong P, Sahota DS, Poon LC. First trimester 
preeclampsia screening and prediction. Am J Obstet Gynecol. 2020 (article in press) with permission from 
Elsevier Science & Technology Journals. Screening performance derived from Tan et al.(297).
FMF, Fetal Medicine Foundation; FPR, false-positive rate; MAP, mean arterial pressure; MF, maternal 
factors; PE, preeclampsia; UtA-PI, uterine artery pulsatility index.

ACOG does not currently endorse routine 1st-trimester screening for preeclampsia using 

ultrasound and/or biomarkers, citing poor predictive value of these screening modalities 

(10). Instead, ACOG recommends 1st-trimester screening of women based solely on

maternal risk factors for preeclampsia to determine which women should start aspirin for 

preeclampsia prophylaxis (10). High-risk factors are history of preeclampsia, multifetal 

gestation, pre-gestational diabetes, chronic hypertension, renal disease and/or autoimmune

disease (10). Moderate- 2, family history of 

preeclampsia, African-

adverse pregnancy outcome including a baby small for gestational age (SGA), and/or inter-

pregnancy interval > 10 years (10).

The United States Preventative Services Task Force (USPSTF) recommends 1st-trimester 

screening for preeclampsia using the same high-risk maternal screening characteristics as 

ACOG (298), but also recommends screening for preeclampsia using blood pressure 

measurements throughout pregnancy (299). The UTPSTF does not recommend the use of 
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predictive models that incorporate serum biomarkers and uterine artery Doppler, as they are 

considered to have insufficient accuracy for clinical use (298).

In the UK, current National Institute of Health and Care Excellence (NICE) guidelines do 

not include 1st-trimester screening with ultrasound or biomarkers, but use maternal 

characteristics, specifically the presence of chronic hypertension, chronic renal disease, pre-

gestational diabetes, SLE, antiphospholipid syndrome and/or previous hypertensive disorder 

in pregnancy (all high-risk factors), maternal 2, nulliparity, 

multifetal pregnancy, pregnancy interval > 10 years and family history of preeclampsia (all 

moderate-risk factors) to determine eligibility for aspirin intervention (300).

A recent meta-analysis of three randomized controlled studies found that 1st-trimester 

screening based on NICE or USPSTF guidelines had low sensitivity (8.9-26.4%) and low 

positive predictive value (14.2-14.6%), but high specificity (91.5-97.2%) and high negative 

predictive value (95.5-95.8%) for both nulliparous and parous women (301). A 2021 Danish 

study using observational population-based data to predict preeclampsia using ACOG and 

NICE 1st-trimester screening criteria reported 61% sensitivity using ACOG criteria and 48% 

sensitivity using NICE criteria (302). A comparison of screening strategies found superior 

detection of all preeclampsia and preterm preeclampsia using FMF 1st-trimester combined 

screening compared to current NICE screening guidelines (303).

FIGO recommends universal 1st-trimester combined screening of all pregnant women, 

ideally with maternal risk factors, biophysical markers and biochemical markers, but at least 

with maternal risk factors and MAP (15). Alternatively, but less desirably, contingent 

screening with UtA-PI and biomarkers can be reserved for at-risk women based on maternal 

risk factors and blood pressure (15). The ISSHP does not recommend routine screening for 

preeclampsia with biomarkers PlGF or sFlt-1/PlGF ratio, but does support 1st-trimester 

combined screening where available for selecting women who may benefit from aspirin 

prophylaxis 150 mg/day for prevention of preterm preeclampsia (1).

The NGF recognizes the benefit of 1st-trimester combined screening following the FMF’s 

prediction algorithm, but 1st-trimester screening for preterm preeclampsia is not covered by 

the national insurance scheme for prenatal care (9).
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A 2019 randomized trial in the UK found that low PlGF (< 100 pg/ml) in women suspected 

of having preeclampsia between 20+0 and 36+6 weeks of gestation had a high sensitivity 

(94.9-96.2%) and high negative predictive value (97.1-98.3%) in diagnosing preeclampsia 

requiring delivery within 14 days (304). Compared to routine care, PlGF testing 

significantly reduced the mean time to diagnosis from 4.1 to 1.9 days and significantly 

reduced severe adverse maternal outcomes by 68% (aOR 0.32, 95%CI 0.11-0.96) with no 

effect on perinatal adverse outcomes or mean gestational age at delivery (304).

NICE guidelines recommend the use of PlGF or sFlt-1/PlGF ratio from 20+0 to 34+6 weeks 

of gestation to rule out preeclampsia in women suspected of having the disease (305). In 

2020, the Norwegian Institute of Public Health’s cost-effectiveness analysis on biomarker 

testing in the 2nd and 3rd trimester concluded that the estimated 12.4 million kroner annual 

cost of testing was not justified for use in the national insurance scheme due to insufficient 

evidence of clinical efficacy and economic benefit (306).

In 2016, a model for 3rd-trimester screening for preeclampsia was developed using a 

combination of maternal health characteristics, MAP, mean UtA-PI, serum s-Flt-1 and PlGF

(so called “triple test”) at 35+0 to 36+6 weeks of gestation; the model predicted 84% of 

preeclampsia compared to 35% using screening by maternal factors alone (307). The same 

researchers published a prospective observational UK study in 2019 which found that 

screening for imminent delivery with preeclampsia with the triple test in women 35+0 to 

36+6 weeks of gestation had 10% and 20% higher detection rate than using s-Flt-1/PlGF 

ratio or PlGF alone, respectively (308).

1.5.2 Aspirin prophylaxis

Endothelial prostacyclin production is reduced in preeclampsia, resulting in an imbalance in 

the normal equilibrium of thromboxane A2 and prostacyclin (309). Thromboxane A2 

induces vascular constriction, vascular remodeling, and platelet aggregation and adhesion. 

Conversely, prostacyclin is a potent vasodilator and inhibitor of vascular remodeling, 

platelet aggregation and platelet adhesion. Used for the prevention of preeclampsia, aspirin 

inhibits cyclooxygenase, thus blocking the conversion of arachidonic acid into 

prostaglandins and causing downstream irreversible decreased synthesis of thromboxane A2 

in platelets and the placenta, with little effect on prostacyclin synthesis in endothelial cells 

(310).
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The 2017 landmark randomized controlled ASPRE trial found that prophylactic low-dose 

aspirin 150 mg/day from 11+0 to 13+6 weeks of gestation until 36+0 weeks of gestation

reduced the risk of preterm preeclampsia by 62% in high-risk women based on maternal 

factors, biophysical findings and biomarkers compared to placebo (OR 0.38, 95%CI 0.20-

0.74) (311). A 2018 systematic review and meta-analysis of 16 trials including over 18 000

6+0

weeks of gestation (312). A 2019 Cochrane review of 77 randomized 

trials found that aspirin reduced the risk of proteinuric preeclampsia at any gestational age

by 18% (RR 0.82, 95%CI 0.77-0.88) with the number needed to treat 61 (95%CI 45-92) 

(313). Aspirin reduces the risk of small-for-gestational age babies by decreasing the 

incidence of preeclampsia (313, 314). Aspirin also decreases the risk of premature delivery 

(313, 315, 316) even in low-risk women without hypertensive disease (317).

Preconception and antenatal low-dose aspirin use is generally safe for women, fetuses and 

neonates (318), although the Cochrane review found a non-significant increased risk of 

postpartum hemorrhage (RR 1.06, 95%CI 1.00-1.12) and placental abruption (RR 1.21, 

95%CI 0.95-1.54) (313). A 2021 population-based Swedish observational study of over 

300 000 women found an increased risk of intrapartum bleeding, postpartum hemorrhage, 

postpartum hematoma and neonatal intracranial hemorrhage among women with vaginal 

delivery who self-reported aspirin use at any time during the pregnancy, compared to non-

aspirin users (319). Universal aspirin prophylaxis may be a cost-effective alternative to 

selective intervention, based on a modeling study (320). Aspirin, however, has not been 

shown to have the same beneficial effect in women with chronic hypertension, although 

these women are considered high risk using the FMF 1st-trimester combined screening 

algorithm (321).

Both ACOG (10, 322) and NICE (300) recommend the use of low-dose aspirin for 

preeclampsia prophylaxis when one or more maternal high-risk factors or two or more

maternal moderate-risk factors are present. ACOG recommends the initiation of aspirin 

81 mg/day beginning between 12+0 and 28+0 weeks of gestation, and preferably before 

16+0 weeks of gestation (10, 322). NICE currently recommends 75-150 mg/day from 12+0

weeks of gestation until delivery (300). Compliance with NICE guidelines was found to be 

only 23% in a UK study (303). The USPSTF also recommends initiation of aspirin 81
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mg/day after 12+0 weeks of gestation in women with at least one high-risk factor (298). The 

ISSHP recommends initiation of aspirin 75-162 mg/day in high-risk women before 20+0

weeks of gestation, and preferably before 16+0 weeks of gestation (1).

Prenatal low-dose aspirin for preeclampsia prevention in high risk pregnancies, from 12+0

weeks of gestation until delivery (75 mg evening dose) or until 36+0 weeks of gestation

(150 mg evening dose), has been a part of standard antenatal care in Norway since 2014 (9, 

323). As far back as 1998, aspirin was mentioned in the Norwegian guidelines for 

preeclampsia prevention in parous women with a previous history of preeclampsia (324).

The 2020 Norwegian guidelines are in line with the NICE recommendations (9).

1.5.3 Weight management

High pre-pregnancy BMI, excessive gestational weight gain, and both combined, are

associated with a higher risk of hypertensive disorders of pregnancy compared to normal 

BMI in women with adequate gestational weight gain (137, 325). Findings from a 

Norwegian study suggest that excessive weight gain seen in preeclampsia may be due to 

increased total body water and not maternal fat mass or percent body fat (326). Optimal 

weight gain during pregnancy is inversely proportional to pre-pregnancy BMI, but optimal 

gestational weight gain is a poor independent predictor of pregnancy outcome (137).

Moderately intense physical exercise during pregnancy is associated with a reduced risk of 

excessive gestational weight gain and may also be inversely related to preeclampsia risk, 

according to a 2019 umbrella review of 76 systematic reviews and meta-analyses (327). A

randomized trial comparing prenatal dietary, exercise and lifestyle advice (intervention) to 

standard prenatal care (control) in Australia found no difference in adverse maternal or 

neonatal outcomes, including preeclampsia (328).

A US study found that among women with prior preeclampsia, weight gain > 1 BMI unit 

between pregnancies increased the risk of recurrent preeclampsia in a dose-response 

relationship regardless of pre-pregnancy BMI in the first pregnancy (329). Conversely, 

weight loss > 2 BMI units between pregnancies was associated with a decreased risk of 

recurrent preeclampsia, but only in women who were overweight or obese in their first 

pregnancies (329).
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1.5.4 Calcium supplements

Low calcium intake is associated with blood pressure elevation due a combination of

activation of the renin-angiotensin-aldosterone system, synthesis of calcitriol and 

stimulation of parathyroid hormone, all which result in increased intracellular calcium 

concentration in the vascular smooth muscle cell, vasoconstriction and increased peripheral 

vascular resistance (330). A 2014 systematic review and meta-analysis of observational 

studies found that low calcium intake was associated with hypertensive diseases of 

pregnancy (331). In 2017, a systematic review and meta-analysis of 27 randomized 

controlled trials found that calcium supplementation reduced the risk of preeclampsia by 

approximately 50% (pooled RR 0.49, 95%CI 0.35-0.69); there was also limited evidence to 

suggest that vitamin D alone or in combination with calcium may also prevent preeclampsia 

(332). A 2018 Cochrane review found that calcium supplementation during pregnancy 

reduces the risk of preeclampsia, especially in populations with low calcium intake and high 

risk of preeclampsia (333). A 2019 systematic review and meta-analysis of randomized 

trials found that high (1.2-2.0 g/day), moderate (0.6-1.2 g/day) and low (< 0.6 g/day) dose

calcium supplementation was associated with lower preeclampsia risk; high and moderate 

calcium supplement dosage was also associated with a lower risk of gestational 

hypertension (334).

The WHO recommends calcium supplementation 1.5-2.0 g/day during pregnancy for all 

pregnant women for the prevention of preeclampsia in populations with low dietary calcium

(70, 335). The 2020 Norwegian guidelines recommend calcium supplementation only for

women in Norway with low calcium intake (< 600 mg daily), which is very uncommon (9).

A recent randomized control trial performed in South Africa, Zimbabwe and Argentina did 

not show any effect of calcium supplementation from preconception until 20+0 weeks of 

gestation in women with previous preeclampsia, which questions the preventive 

independent effect of calcium supplementation (336).

1.6 Management of preeclampsia and eclampsia

There are no known medical treatments for preeclampsia. Management of preeclampsia is 

based on maximizing maternal and fetal wellbeing until reaching the optimal time for 

delivery to reduce the risk of adverse maternal and neonatal outcomes. Blood pressure 

control and seizure prophylaxis are the main treatment goals (10).
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1.6.1 Antihypertensive treatment

Severe hypertension, defined as 160/110 mmHg, requires treatment to prevent myocardial 

infarction, congestive heart failure, acute kidney injury and stroke (10). In Norway, blood 

indicates treatment mainly in order to prevent cerebral hemorrhage (9).

Increased use of antihypertensive medications in hospitalized women with preeclampsia has 

been associated with a decreased incidence of stroke (337). Updated 2021 ISSHP guidelines 

recommend treatment of severe hypertension with the first-line agents oral nifedipine, oral 

labetalol, intravenous labetalol, or intravenous hydralazine, with the approach to treatment 

the same for women with or without co-morbidities associated with hypertension, such as 

chronic renal disease (338). The recommendations are based on the long clinical tradition of 

using these antihypertensive agents, and a 2013 Cochrane review found no significant 

difference between them (339). Oral nifedipine, oral labetotol or oral methyldopa is an 

inexpensive and effective drug treatment for severe hypertension in low-resource health care 

settings, although in a randomized control trial in India, oral nifedipine retard had the 

greatest frequency of blood pressure control compared to the other two medications (340).

Also summarized in the 2021 updated ISSHP guidelines, non-severe hypertension in 

pregnancy should be treated with the first-line agents oral methyldopa, labetalol, or 

nifedipine (338). These medications are the most commonly used drugs for blood pressure 

control, with a treatment mmHg (300), 110-140/80-85 mmHg (1) or <

150/80-100 mmHg (9). In Norway, the treatment goal in women with chronic hypertension 

is < 140/90 (9). A randomized controlled trial found that non-tight control of diastolic blood 

pressure (target DBP < 100 mmHg) in women with chronic hypertension did not increase 

the risk of adverse maternal or neonatal outcomes, but did increase the risk of episodes of 

severe maternal hypertension compared to women with tight control (target DBP < 85 

mmHg), with an aOR 1.80, 95%CI 1.34-2.21 (341). Another study found that women with 

chronic hypertension randomized to either oral methyldopa or oral nifedipine had similar 

adverse maternal and neonatal outcomes; these outcomes were significantly lower when 

compared to women randomized to no antihypertensive medication (342).

1.6.2 Magnesium sulfate

Since 1925, magnesium sulfate (MgSO4) has been used for seizure prophylaxis in the 

management of preeclampsia (343). In a landmark study published in 1995, intravenous or 

intramuscular MgSO4 was found to be superior to intravenous phenytoin or intravenous 
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diazepam for reduction of recurrent seizures in women with eclampsia (249). In addition, 

there was also a reduced risk of maternal morbidity (mechanical ventilation, pneumonia, 

ICU admission) and neonatal morbidity (intubation, NICU admission) in pregnancies 

randomized to MgSO4 compared to phenytoin (249). Seven years later, the Magpie Trial 

found that MgSO4 reduced the risk of eclampsia (i.e. seizures) by 58% compared to placebo 

(RR 0.42, 95%CI 0.29-0.60) in women with intrapartum or postpartum preeclampsia (250).

A 2010 Cochrane review found that MgSO4 significantly reduced the risk of eclampsia and 

placental abruption and had a non-significant reduction in maternal mortality, while the risk 

of Cesarean delivery increased and the risk of stillbirth and neonatal death remained 

unchanged (344). Dietary magnesium supplementation, however, has not been shown to 

have any beneficial effect with respect to preeclampsia, perinatal mortality or small-for 

gestational-age infants (345).

MgSO4 is used for women with gestational hypertension with severe features, preeclampsia 

with severe features or eclampsia; treatment should be continued during delivery and for 24 

hours postpartum (9, 10, 300). Intravenous treatment is preferred over intramuscular 

treatment when possible due to less pain, fewer side effects and better compliance (250).

The optimal dose and plasma concentration of MgSO4 for seizure prophylaxis is not known, 

but a therapeutic range of 1.8-3.0 mmol/L is considered safe and effective (346). Monitoring 

of patellar reflexes, urine output, respiratory rate and MgSO4-serum concentration is needed 

to prevent fatal magnesium toxicity (346).

1.6.3 Antenatal corticosteroids

When the clinical situation necessitates early delivery, antenatal corticosteroids for fetal 

lung maturity are given when delivery < 34+0 weeks of gestation is indicated or anticipated 

within one week. Commonly used corticosteroids are betamethasone 12 mg intramuscular 

injection, 2 doses given 24 hours apart (347, 348) or dexamethasone 6 mg intramuscular 

injection, 4 doses given 12 hours apart (348). A 2020 Cochrane review found robust 

evidence for the beneficial use of a single course of antenatal corticosteroids, citing a 

significant reduction in perinatal death (RR 0.85, 95%CI 0.77-0.93), neonatal death (RR 

0.78, 95%CI 0.70-0.87) and respiratory distress syndrome (RR 0.71, 95%CI 0.65-0.78), 

with no effect on newborn birthweight (349). There was also moderate evidence for reduced 

risk of neonatal intraventricular hemorrhage and developmental delay (349). Corticosteroids 
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have probably no significant risk for adverse maternal outcomes such as death, 

choroamnionitis and endometritis (349).

Corticosteroids have also been used in the treatment of HELLP (69). A 2010 Cochrane 

review found that although dexamethasone was superior to betamethasone for improving 

maternal platelet count in HELLP, the use of corticosteroids in the management of HELLP 

had no clear benefits to maternal or neonatal morbidity or mortality (350). The 2021 ISSHP 

guidelines are in accordance with this conclusion (338).

1.6.4 Delivery

In the absence of other proven treatments for preeclampsia, delivery is the only option to 

stop the disease. The Dutch HYPITAT trial published in 2009 found that women with 

gestational hypertension or mild preeclampsia between 36+0 and 41+0 weeks of gestation

randomized to labor induction had a 29% lower risk of a composite adverse maternal 

outcome (death, eclampsia, HELLP, pulmonary edema, thromboembolism, placental 

abruption, severe preeclampsia, proteinuria, postpartum hemorrhage) compared to women 

randomized to expectant management (RR 0.71, 95%CI 0.59-0.86), with no effect on fetal 

mortality (351).

The 2015 HYPITAT-II trial, which randomized 703 women with non-severe hypertensive 

disorders of pregnancy between 34+0 and 36+6 weeks of gestation to either immediate 

delivery (labor induction or cesarean section) or expectant management, found no difference 

in composite maternal morbidity, but the risk of neonatal respiratory distress syndrome 

tripled among babies born to mothers in the immediate delivery group (RR 3.3, 95% CI 1.4-

8.2) (278). Four years later, the PHOENIX trial found a lower risk of severe maternal 

hypertension and other adverse maternal outcomes, but a higher risk of NICU admissions

(without higher risk of neonatal morbidity) among 901 pregnancies between 34+0 and 36+6

weeks of gestation with preeclampsia or superimposed preeclampsia without persistent 

severe features randomized to planned delivery compared to expectant management (352).

There was a net cost savings for both mother and infant in the planned delivery group (352).

In 2018, a Cochrane review of six trials involving a total of 748 women with severe 

preeclampsia between 24+0 and 33+6 weeks of gestation found insufficient evidence for 

comparing risks of adverse maternal outcomes (death, pulmonary edema, HELLP, stroke or
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cesarean section) in women randomized to planned delivery versus expectant management 

(353). However, the Cochrane review found that neonates born to mothers who had planned 

delivery had higher risks for intraventricular hemorrhage, respiratory distress syndrome, 

mechanical ventilation, lower gestational age at delivery and longer NICU stays than those 

born to mothers with expectant management, but they were less likely to have SGA (353).

The current recommendation is to offer expectant management of severe preeclampsia <

34+0 weeks of gestation as long as both mother and fetus are clinically stable, with the goal 

of planned delivery once the pregnancy reaches 34+0 weeks of gestation (1, 9, 10, 300).

Delivery at any gestational age is indicated when there are signs and symptoms of disease 

progression, such as worsening neurologic symptoms (stroke, eclampsia, persistent 

headache and/or scotomata), repeated severe hypertensive episodes despite treatment with 

three antihypertensive medications, pulmonary edema, maternal oxygen saturation < 90%,

HELLP, signs of maternal end-organ dysfunction, placental abruption, non-reassuring fetal 

status (reversed umbilical end-diastolic diastolic flow and/or non-reassuring 

cardiotocograph) or IUFD (300, 354).
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2 AIMS OF THE THESIS

The main aims of this thesis were to assess the prevalence of and the risk factors for 

hypertensive disorders of pregnancy in Norway over two decades, and to interpret the 

findings using established models of preeclampsia pathogenesis.

Specifically, the thesis aimed to assess the following:

1. The prevalence of gestational hypertension and preeclampsia among nulliparous and 

parous women.

2. The association between maternal country of birth and educational level with 

hypertensive disorders of pregnancy.

3. The prevalence of early, intermediate, and late-onset preeclampsia and gestational 

hypertension in nulliparous women

4. How maternal diabetes, chronic hypertension and BMI were associated with the risk 

of early, intermediate, and late-onset preeclampsia and gestational hypertension.

5. How BMI influenced the risk of preeclampsia in pregnancies complicated by 

maternal diabetes or chronic hypertension.

6. Secular trends of gestational hypertension and preeclampsia over two decades.

7. Changes in clinical practice that may have affected preeclampsia prevalence over 

time.

8. Interpret the above epidemiologic findings using the revised two-stage model of 

preeclampsia, the threshold liability model and the competing risk model.
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3 MATERIALS AND METHODS
3.1 Data and population

Databases

The data in papers I and II were obtained from the Medical Birth Register of Norway 

(MBRN) and Statistics Norway (SSB) using a unique identifier such that patient-level data 

from the two registers were linked. The data in Paper III was obtained from the MBRN. 

Paper III also used aggregate data from the Norwegian Prescription Database (NorPD).

Medical Birth Register of Norway

Papers I, II and III used data from the MBRN, which has recorded information on all 

deliveries since 1967. The data is collected by mandatory notification from all hospitals, 

delivery units as well as home deliveries. MBRN is a massive database that records 

numerous details of maternal, fetal and obstetric factors related to maternal health before 

and during pregnancy; intrapartum and postpartum interventions and complications; and 

neonatal outcomes. 

Statistics Norway

Papers I and II obtained data on maternal country of birth and education from SSB. As the 

national statistical institute of Norway, SSB compiles official socioeconomic, health and 

population data for the country. 

Norwegian Prescription Database

Paper III used aggregate data on aspirin prescriptions from the NorPD. NorPD has collected 

sex-specific, age-specific, and national, county-level, and regional data on prescription 

medications since 2004. 

Study populations

The study population in Paper I included all singleton pregnancies delivering in Norway 

between 1999 and 2014 (960 516 deliveries). Multiple gestations, pregnancy outcomes at 

gestational ages < 23+0 weeks and 44+0 weeks, and pregnancies with major congenital 

anomalies were excluded (n = 53 468) resulting in the analysis of 907 048 deliveries.  
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For Paper II, the study population included all singleton deliveries between 23+0 and 43+6

weeks of gestation by nulliparous women in Norway between 1999 and 2014 (n = 382 618

deliveries). Multiple gestations and pregnancies with major congenital anomalies were 

excluded.

Paper III studied a population that included all women who delivered a singleton or twin 

pregnancy between 22+0 and 44+6 week of gestation in Norway between 1999 and 2018 (n 

= 1 153 227 deliveries).

Table 2: Data source for Papers I-III of the PhD thesis.
MBRN: Medical Birth Register of Norway, SSB: Statistics Norway, NorPD: Norwegian 
Prescription Database

Main Study 
Outcome Population Source Design Study period

Paper I
Preeclampsia, 

Gestational 
hypertension

960 516
deliveries,

nulliparous and 
parous women

MBRN, SSB

Population-
based 

retrospective
cohort

1999-2014

Paper II
Preeclampsia, 

Gestational 
hypertension

382 618
deliveries,
nulliparous 

women
MBRN, SSB

Population-
based 

retrospective
cohort

1999-2014

Paper III
Preeclampsia,

Gestational 
hypertension

1 153 227
deliveries MBRN, NorPD

Population-
based 

retrospective 
cohort

1999-2018

Independent (exposure) variables and dependent (outcome) variables

Main independent (exposure) variables included

Maternal socioeconomic characteristics (Paper I)

o Country of birth

o Educational level

Maternal biologic co-morbidities (Paper II)

o Type 1 diabetes mellitus

o Type 2 diabetes mellitus

o Gestational diabetes
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o Chronic hypertension

o BMI

Time period in four-year increments (Paper III)

Secondary exposure variables included

o Consanguinity (Paper I)

o Maternal age (Papers I, II and III)

o Parity (Paper III)

o 1st-trimester smoking (Papers I, II and III)

o Diabetes (Papers I and III)

o Chronic hypertension (Paper III)

o Twin gestation (Paper III)

o ART (Paper III)

Main dependent (outcome) variables in this thesis were 

Preeclampsia (Papers I, II and III)

Gestational hypertension (Papers I, II and III)

3.2 Definition of variables

Socioeconomic variables

Country of birth

For Papers I and II, maternal country of birth was categorized as one of 11 world regions

taking into account political, geographic, economic and cultural characteristics. In all 3 

papers, Norway was used as the reference group. European countries other than Norway 

were grouped into two regions: countries belonging to the European Economic Association 

plus Switzerland (Europe/EEA), and countries not belonging to the EEA (Europe/non-

EEA). Where possible, countries were grouped based on world regions defined by The 

World Bank, and remaining countries were grouped based on regions defined by SSB. Data 

on country of birth was obtained from SSB for Papers I and II. For Paper III, data on 

country of birth was obtained from the MBRN.
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The following countries were included in the maternal country of birth variable for Papers I 

and II:

1. Norway

2. Europe, EEA: Sweden, Finland, Denmark, Iceland, Cyprus, Bulgaria, Estonia, 

Croatia, Latvia, Poland, Romania, Lithuania, Slovenia, Hungary, Slovakia, Czech 

Republic, Belgium, France, Greece, Ireland, Italy, Malta, Netherlands, Liechtenstein, 

Luxembourg, Portugal, Spain, United Kingdom, Germany, Austria, Switzerland (not 

actually in the EEA)

3. Europe, non-EEA: , Greenland, Faroe Islands, Albania, Belarus, Moldova, Russia, 

Turkey, Ukraine, Bosnia-Herzegovina, Macedonia, Serbia, Montenegro, Kosovo, 

Andorra, Gibraltar, Monaco, San Marino, Vatican City State, Guernsey, Jersey, Isle 

of Man

4. North America: Canada, Saint Pierre and Miquelon, United States

5. Latin American/Caribbean: United States Virgin Islands, Barbados, Antigua and 

Barbuda, Belize, Bahamas, Bermuda, British Virgin Islands, Cayman Islands, Costa 

Rica, Cuba, Dominica, Dominican Republic, Grenada, Guadeloupe, Guatemala, 

Haiti, Honduras, Jamaica, Martinique, Mexico, Montserrat, Aruba, Sint Maarten, 

Bonaire, Sint Eustatius and Saba, Anguilla, Curaçao, Nicaragua, Panama, El 

Salvador, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, 

Trinidad and Tobago, Turks and Caicos Islands, Puerto Rico, Saint Martin, Saint 

Barthélemy, Argentina, Bolivia, Brazil, Guyana, Chile, Colombia, Ecuador, 

Falkland Islands, French Guiana, Paraguay, Peru, Suriname, Uruguay, Venezuela

6. Middle East/North Africa: Algeria, Egypt, Djibouti, Libya, Morocco, Tunisia, 

Bahrain, United Arab Emirates, Iraq, Iran, Israel, Jordan, Kuwait, Lebanon, Oman, 

Palestine, Qatar, Saudi Arabia, Syria, Yemen

7. Sub-Saharan Africa: Angola, Botswana, Saint Helena, Burundi, Comoros, Benin, 

Equatorial Guinea, Côte d'Ivoire, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, 

Guinea-Bissau, Cameroon, Cape Verde, Kenya, Congo-Brazzaville, Congo, 

Lesotho, Liberia, Madagascar, Malawi, Mali, Western Sahara, Mauritania, 

Mauritius, Namibia, Niger, Nigeria, Mozambique, Mayotte, Réunion, Zimbabwe, 

Rwanda, Sao Tome and Principe, Senegal, Central African Republic, Seychelles, 

Sierra Leone, Somalia, South Sudan, Sudan, Swaziland, South Africa, Tanzania, 

Chad, Togo, Uganda, Zambia, Burkina Faso
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8. Transcaucasia/Central Asia: Armenia, Azerbaijan, Georgia, Kazakhstan, 

Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan

9. South Asia: British Indian Ocean Territory, Afghanistan, Bangladesh, Bhutan, Sri 

Lanka, India, Maldives, Nepal, Pakistan

10. East Asia Pacific: Brunei, Myanmar, Philippines, Taiwan, Hong Kong, Indonesia, 

Japan, Cambodia, China, North Korea, South Korea, Laos, Macao, Malaysia, 

Mongolia, Timor-Leste, Singapore, Thailand, Vietnam, Solomon Islands, Fiji, 

Vanuatu, Tonga, Kiribati, Tuvalu, Nauru, Federated States of Micronesia, Papua 

New Guinea, Samoa, Marshall Islands, Palau

11. Oceania: American Samoa, Australia, Christmas Island, Cocos (Keeling) Islands, 

Cook Islands, French Polynesia, Guam, United States Minor Outlying Islands, New 

Zealand, Niue, Norfolk Island, Pitcairn, Tokelau, Wallis and Futuna Islands, New 

Caledonia, Northern Mariana Islands

In Paper III, maternal country of birth was dichotomized as Norway or other (all countries 

except Norway).

Education

Papers I and II included maternal education as an exposure variable. Education was defined 

as last completed year of school, based on the Norwegian Standard Classification of 

Education includes Norwegian education codes (nine levels plus one unspecified level) and 

corresponding codes from the International Standard Classification of Education (ISCED-

2011).

For Paper I, education was merged and recoded into four groups: No education to 

completion of grade 10, which is the end of compulsory education in Norway (none/primary 

education); completion of grades 11 to 14, which is the end of Norwegian trade school 

education or university preparatory education  (secondary education); completion of grades 

15 to 17 corresponding to a lower university degree (higher education – Bachelor); and 

completion of grades 18 or higher, corresponding to a professional or terminal university 

degree (highest education – Master/PhD). Secondary education was used as reference group.

For Paper II, education was classified by merging the nine levels of education used in the 

International Standard Classification of Education (ISCED-2011) into three groups, 
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according to number of years of completed education. The education variable was 

categorized as n secondary education (grades 11 to 14), 

or higher education (Bachelor, Master or PhD). In Paper II, education was used 

in the multivariable regression analysis as a possible confounding variable. 

Consanguinity

Paper I investigated consanguinity as a possible confounder for risk of hypertensive 

disorders of pregnancy. Consanguinity was categorized as recorded in the MBRN: None, 1st

cousins, distant cousins, other relation and unknown.

Biologic variables

Diabetes

Papers I, II and III included diabetes as an exposure variable. Diabetes was classified into 

three categories, as provided by MBRN: Type 1 diabetes, type 2 diabetes and gestational 

diabetes (including diet-controlled and medication-controlled gestational diabetes). No

diabetes was used as the reference group. In Norway, information on pre-pregnancy 

morbidity such as type 1 or 2 diabetes is collected prospectively in the ambulatory prenatal 

record. Gestational diabetes is recorded both in the prenatal record and in the hospital 

obstetric database. Mandatory notification to the MBRN occurs immediately after delivery 

by automatic transfer of midwife and doctor-registered information from the electronic 

hospital chart.

Norway uses selective screening for gestational diabetes. In Papers I, II and III selective 

screening for gestational diabetes at 28-30 weeks of gestation was based on risk factors: 

Family history of type 1 or type 2 diabetes in 1st-degree relative, foreign-born, maternal age 

> 35 years, BMI > 27 kg/m2. Glycosuria, polyhydramnios, rapid fetal weight gain or 

random fasting blood glucose between 6.1 mmol/L and 7.0 mmol/L at any time during the 

pregnancy also prompted screening. Gestational diabetes was defined as a fasting plasma 

glucose < 7.0 mmol/L and a 2-

75 g oral glucose load.

Chronic hypertension

Papers II and III included chronic hypertension as an exposure variable. Chronic 

hypertension was defined as a binary variable and excluded hypertension as a complication 
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of pregnancy, delivery or postpartum. Chronic hypertension was defined as primary or 

secondary hypertension recorded as a pre-pregnancy diagnosis in the prenatal record.

BMI

Pre-pregnancy BMI in Paper II was categorized using World Health Organization 

classifications: underweight <18.5 kg/m2, normal 18.5-24.9 kg/m2, overweight 25-29.9

kg/m2 2. The MBRN started collecting data on maternal height and weight 

in 2006. Normal BMI was used as the reference group.

Smoking

1st-trimester smoking is documented in the ambulatory prenatal record and recorded in the 

MBRN. In Papers I and II, 1st-trimester smoking was coded as no, sometimes and daily, 

with missing data on smoking status (16% of deliveries) merged into the “no” category. In

Paper III, missing data on 1st-trimester smoking was reported as a separate category.

Age

In Papers I and II, maternal age was categorized into four groups: < 20, 20-34, 35-

40 years. In Paper III, maternal age was categorized into six groups: < 20, 20-24, 25-29, 30-

34, 35-

Obstetric variables

Parity 

In all three Papers, parity was defined as nulliparous (para 0), primiparous (para 1), parous 

2). Parity was determined based antenatal history of the 

affected pregnancy. As such, a woman who delivered her first-born during the study was 

thus categorized as nulliparous (para 0), whereas a woman delivering her second-born was 

categorized as primiparous (para 1).

In Paper I, the data were stratified by parity during the affected pregnancy; nulliparous (para 

0) and parous ( ) women were analyzed separately. Paper II included data on 

nulliparous women only. Parity Paper III.
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Assisted reproductive technology

ART was a yes/no variable in Paper III and included, as defined by the MBRN, in-vitro 

fertilization, intracytoplasmic sperm injection and other technologies.

Twin gestation

Twin gestation was defined as a binary variable in Paper III without regard to chorionicity.

Labor induction

In Paper III, labor induction was studied as a possible explanation for changes in 

preeclampsia prevalence over time. Induction of labor included amniotomy, oxytocin, 

prostaglandins or other mechanical methods such as foley catheter used to ripen the cervix 

and/or start uterine contractions. Labor induction was reported as a binary yes/no variable.

Aspirin

In Paper III, aspirin was studied as a possible explanation for secular changes in 

preeclampsia prevalence. Population-based data on aspirin use among women aged 15-49

years were taken from NorPD, using the Anatomic Therapeutic Chemical code B01A C06 

for acetylsalicylic acid 75 mg, the dose recommended in Norway during the study period for 

preeclampsia prevention in high-risk women. Only aggregate data was available, reported as 

use per 1000 women.

Outcome variables

Preeclampsia

In Papers I, II and III, preeclampsia was defined using MBRN’s narrow definition of 

preeclampsia: De novo hypertension after 20+0 weeks of gestation with systolic blood 

0.3 g/24 hours or PCr > 1+ on urine dipstick with a minimum of two measurements

(355). Eclampsia is in MBRN defined as generalized seizures occurring antepartum, 

intrapartum or within the first seven days postpartum with concomitant preeclampsia or 

gestational hypertension and excluding any other neurologic etiology. Women coded as 

HELLP and/or eclampsia in the MBRN were merged into the preeclampsia group for the 

analyses in Papers I, II and III.
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Gestational hypertension

Gestational hypertension is in MBRN defined as repeatedly confirmed de novo blood 

pressure elev 90 mmHg) after 20+0

weeks of gestation in the absence of proteinuria, or unspecified maternal hypertension not 

diagnosed as chronic hypertension, preeclampsia, eclampsia or HELLP syndrome. Papers I 

and II used MBRN’s definition of gestational hypertension.

3.3 Statistics

Continuous data were dichotomized or categorized. Descriptive statistics were performed to 

identify the prevalence of hypertensive disorders of pregnancy according to maternal 

characteristics (Papers I, II and III), gestational age at delivery (Papers II and III) and use of 

labor induction (Paper III). Logistic regression was performed to estimate the crude odds 

ratios (OR) with 95% confidence intervals (CI) of preeclampsia (Papers I, II and III) and 

gestational hypertension (Papers I and II). Statistical significance was defined as a p-value 

of < 0.05. 

Paper I applied multivariable regression to assess the independent association of country of 

birth to preeclampsia and gestational hypertension. Women born in Norway were used as 

the reference group, and adjustments were made for education, maternal age, consanguinity, 

diabetes and smoking status. The independent association of education to preeclampsia and 

gestational hypertension was also explored, using women with a secondary education as the 

reference group, and adjusting for differences in the above variables. The data were 

stratified by parity during the affected pregnancy; nulliparous (para 0) and parous (para 1 or 

more) women were analyzed separately, due to their different associations with 

hypertensive disorders of pregnancy. IBM SPSS (Statistical Program of Social Sciences)

Statistics for Windows version 23.0.0.2 (Chicago, IL) was used for the analyses.

In Paper II, the data were stratified by gestational age at delivery: early (23+0 to 33+6 

weeks), intermediate (34+0 to 36+6 weeks) and late (37+0 to 43+6 weeks). Multivariable

regression analysis was used to assess the independent association of diabetes to 

preeclampsia and gestational hypertension, using women without diabetes as the reference 

group. In model 1, adjustments were made for maternal age, country of birth, education, and 

smoking status. BMI was added to the analysis in model 2. The independent association of 

chronic hypertension to preeclampsia was also explored with both models, using women 
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without chronic hypertension as the reference group and adjusting for possible confounders 

(model: maternal age, country of birth, education, smoking status, diabetes), model 2: model 

1 and BMI). IBM SPSS (Statistical Program of Social Sciences) Statistics for Windows 

version 23.0.0.2 (Chicago, IL) was used for the analyses.

Multivariable logistic regression was used in Paper III, to assess the independent association 

of time periods (four-year increments) to preeclampsia, with women delivering in 1999-

2002 as the reference group. Adjustments were made for maternal age, parity, twin 

gestation, ART, country of birth, diabetes, chronic hypertension and 1st-trimester smoking.

IBM SPSS (Statistical Program of Social Sciences) Statistics for Windows version 26.0.0.0

(Chicago, IL) was used for the analyses.

3.4 Ethical considerations

This study is part of the larger PURPLE Study, which investigates adverse pregnancy 

outcomes in Norway from 1967 to 2018 using data from the MBRN and SSB. The study

was approved by The Regional Committee for Medical and Health Research Ethics in 

South-Eastern Norway (#2015/681) and the Institutional Personal Data Officer at Oslo 

University Hospital. Patient consent was not required for the use of de-identified and 

anonymized registry data. Aggregate data from NorPD is publically available at 

www.norpd.no.
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4 SUMMARY OF RESULTS
4.1 Paper I

Prevalence of hypertensive disorders of pregnancy

In the study group, 382 618 deliveries were to nulliparous women and 524 430 deliveries 

were to parous women. Of the 907 048 deliveries, 5.2% of deliveries were affected by

hypertensive disorders of pregnancy. The overall prevalence of preeclampsia and gestational 

hypertension were 3.4% and 1.8%, respectively. Hypertensive disorders of pregnancy were

almost two-fold higher among nulliparous than parous women (7.2% vs 3.7%). The 

prevalence of preeclampsia was 5.0% in nulliparous women and 2.3% in parous women. 

Gestational hypertension was present in 2.2% of nulliparous deliveries and 1.4% of parous 

deliveries. The difference in preeclampsia prevalence from nulliparous to parous women 

was greater than the difference in gestational hypertension prevalence between these parity 

groups.

Preeclampsia

A significant association between maternal country of birth and education (exposure 

variables) and preeclampsia (outcome variable) was observed in the crude regression 

analyses for both nulliparous and parous women. In the multivariable regression analyses, 

with all the significant variables included, the risk factors and associations remained almost 

unchanged. Compared to primiparous women (para 1), the adjusted risk for preeclampsia

was significantly lower for multiparous women .

Association of country of birth with preeclampsia

Compared to nulliparous women born in Norway, the risk of preeclampsia was significantly 

lower for nulliparous women born in EEA, non-EEA, Middle East/North Africa, 

Transcaucasia/Central Asia, South Asia and East Asia Pacific. Nulliparous women born in 

North America, Caribbean/Latin America, Sub-Sahara Africa, and Oceania had similar risks 

of preeclampsia compared to nulliparous women born in Norway.

Parous women born in EEA, non-EEA, North America, Middle East/North Africa, South 

Asia and East Asia Pacific had a significantly lower risk of PE compared to parous women 

born in Norway. Parous women born in Caribbean/Latin America, Sub-Sahara Africa, 

Transcaucasia/Central Asia, and Oceania had similar risks for preeclampsia compared to 
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parous women born in Norway.

After adjusting for education, consanguinity, age, diabetes and 1st-trimester smoking, the 

risk for preeclampsia remained essentially unchanged among both nulliparous and parous 

women, except that parous women born in Latin American/Caribbean also had a

significantly lower risk of preeclampsia.

Association of education with preeclampsia

Nulliparous women with low education (none/primary) had a lower risk of preeclampsia in 

the crude analysis (OR 0.91, 95%CI 0.87-0.95), but there was no increased or decreased risk

of preeclampsia compared to nulliparous women with secondary education after adjusting 

for education, consanguinity, age, diabetes and 1st-trimester smoking (aOR 0.97, 95%CI

0.92-1.01). High education (Bachelor or Master/PhD) among nulliparous women 

significantly reduced the risk for preeclampsia, compared to nulliparous women with 

secondary education, even after adjusting for possible confounders.

Parous women with low education (none/primary) had no increased risk of preeclampsia 

compared to parous women with secondary education both in the crude analysis and after 

adjusting for education, consanguinity, age, diabetes and 1st-trimester smoking (aOR 1.04, 

95%CI 0.99-1.10). The risk of preeclampsia was significantly lower among parous women 

higher education (Bachelor or Master/PhD) compared to parous women with secondary 

education, and risks remained essentially unchanged after adjusting for possible 

confounders.

Gestational hypertension

A significant association between maternal country of birth and education (exposure 

variables) and gestational hypertension (outcome variable) was observed in the crude 

regression analyses for both nulliparous and parous women. 

Association of country of birth with gestational hypertension

Compared to nulliparous women born in Norway, the risk of gestational hypertension was 

significantly lower for nulliparous women born in EEA, non-EEA, Latin 

America/Caribbean, Middle East/North Africa, Sub-Saharan Africa, South Asia and East 

Asia Pacific. Nulliparous women both in North America, Transcaucasia/Central Asia and 



85

Oceania had similar risks of gestational hypertension compared to nulliparous women born 

in Norway.

Compared to parous women born in Norway, the risk of gestational hypertension was 

significantly lower for women born in EEA, non-EEA, Latin American/Caribbean, Middle 

East/North Africa, Sub-Saharan Africa, South Asia and East Asia Pacific. Parous women 

born in North America, Transcaucasia/Central Asia and Oceania has similar risks of 

gestational hypertension compared to parous women born in Norway.

The risks did not change significantly even when adjusted for parity, education, 

consanguinity, age, diabetes and 1st-smoking status, regardless of parity.

Association of education with gestational hypertension

Compared to nulliparous women with a secondary education, nulliparous women with no or 

only primary education had lower risk for gestational hypertension even after adjusting for 

education, consanguinity, age, diabetes and 1st-trimester smoking (aOR 0.89, 95%CI 0.82-

0.96). However, the risk for gestational hypertension was slightly higher among nulliparous 

women with a Bachelor (aOR 1.07, 95%CI 1.02-1.13) or Master/PhD (aOR 1.14, 95%CI 

1.07-1.22).

Compared to parous women with secondary education, parous women with low education 

(none/primary) had no increased risk for gestational hypertension after adjusting for 

education, consanguinity, age, diabetes and 1st-trimester smoking (aOR 0.94, 95%CI 0.87-

1.01). Parous women with Bachelor had similar risk (aOR 0.95, 95%CI 0.90-1.00) and 

women with Master/PhD had decreased risk for gestational hypertension (aOR 0.82, 95%CI

0.75-0.89) compared with parous women with secondary education.

4.2 Paper II

Prevalence and risk indicators of hypertensive disorders of pregnancy

Paper II assessed nulliparous women only, based on gestational age group at delivery. Of 

the 382 618 singleton deliveries in the study population, 5.0% were affected by 

preeclampsia and 2.2% were affected by gestational hypertension. Three quarters (76%) of 

the preeclampsia deliveries were at 37+0 to 43+6 weeks of gestation (late-onset), whereas 

14% were at 34+0 to 36+6 weeks (intermediate-onset) and 10% were at 23+0 to 33+6
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weeks (early-onset). Although the overall prevalence of early-onset preeclampsia was more 

than seven times lower than late-onset disease (0.5% vs. 3.8%), the prevalence of 

preeclampsia among early-onset deliveries was almost seven-fold higher than among 

deliveries at term; 28.0% vs. 4.1%. Preeclampsia was similarly much more common among 

deliveries at 34+0 to 36+6 weeks of gestation than among term deliveries; 16.1% vs. 4.1%. 

Superimposed preeclampsia developed in 23% of women with chronic hypertension. Most 

of these delivered at term (13.2%), whereas 4.9% delivered at early and intermediate 

gestational ages, respectively.

The prevalence of gestational hypertension was relatively stable across the three predefined 

gestational age groups (2.1-2.7%). The majority (93.0%) of the women with gestational 

hypertension delivered at term.

Approximately 2% of the women in the study had any form of diabetes and 0.5% had 

chronic hypertension. One third of the women with recorded pre-pregnancy BMI were 

either overweight (20.0%) or obese (10.5%).

Preeclampsia

Association of diabetes with preeclampsia

Positive significant associations between pre-gestational diabetes and early, intermediate 

and late-onset preeclampsia were observed in the crude regression analysis, compared to 

women without diabetes. In model 1 of the multivariable regression analysis, which 

included adjustment for maternal age, country of birth, education, 1st-trimester smoking and

chronic hypertension (model 1), the association between pre-gestational diabetes and 

preeclampsia remained almost unchanged for all gestational age groups, with the largest 

magnitude of risk in the type I diabetes group for intermediate preeclampsia (aOR 10.2,

95%CI 8.5-12.3). Adding adjustment for pre-pregnancy BMI (model 2) did not significantly 

alter the associations. The number of women with reported pre-pregnancy BMI was too 

small to measure the association between type 2 diabetes and early or intermediate 

preeclampsia (both n 5).

There was no association between gestational diabetes and early-onset preeclampsia in the 

univariate and both multivariable regression models. Gestational diabetes mellitus was 

significantly associated with an intermediate and late-onset preeclampsia in the crude 
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regression analysis with an approximately doubling of risk compared to women without 

diabetes. The association remained essentially unchanged after adjusting for maternal age, 

country of birth, education, 1st-trimester smoking and chronic hypertension (model 1). After

additional adjustment for pre-pregnancy BMI (model 2) in the multivariable regression, the 

association between gestational diabetes and late-onset preeclampsia was still present, but 

significantly reduced (model 1: aOR 1.84, 95%CI 1.65-2.06 vs model 2: aOR 1.24, 95%CI 

1.02-1.51).

Association of chronic hypertension with superimposed preeclampsia

Compared to normotensive women, women with chronic hypertension had a 10-fold 

increased risk of early preeclampsia (OR 10.37, 95%CI 8.37-12.85), eight-fold increased 

risk of intermediate preeclampsia (OR 7.50, 95%CI 6.06-9.28), and a four-fold increased 

risk of late preeclampsia (OR 3.85, 95%CI 3.36-4.41). The adjusted risk for preeclampsia in 

all gestational age groups remained high after adjusting for other possible risk factors 

(model 1: maternal age, country of birth, education, 1st-trimester smoking, diabetes), 

including pre-pregnancy BMI (model 2).

Association of BMI with preeclampsia 

Compared to normal weight women, women with overweight or obesity had an increased 

risk of preeclampsia across all gestational age groups. The risks remained essentially 

unchanged after adjusting for maternal age, diabetes, chronic hypertension, country of birth, 

education and 1st-trimester smoking. The risk for preeclampsia was highest in early-onset 

preeclampsia; the risk doubled among women with overweight (aOR 2.22, 95%CI 1.73-

2.84) and tripled among women with obesity (aOR 3.20, 95%CI 2.44-4.21).

Gestational hypertension

Association of diabetes with gestational hypertension

A positive significant association between all diabetes types and gestational hypertension 

(approximately a doubling of risk) was observed in the crude regression analysis, and these 

associations remained mostly unchanged in model 1 of the multivariable regression analysis

after adjustment for maternal age, country of birth, education and 1st-trimester smoking.

After additionally adjusting for pre-pregnancy BMI in model 2, there was no longer an 

increased risk of gestational hypertension among women with type 1 diabetes (model 2: 

aOR 1.24, 95%CI 0.66-2.34) or type 2 diabetes (model 2: aOR 0.82, 95%CI 0.30-2.24),
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whereas gestational diabetes remained a small, but significant, risk factor (model 2: aOR 

1.38, 95%CI 1.08-1.77).

Association of BMI with gestational hypertension

Compared to normal weight women, there was an increased risk of gestational hypertension 

women with overweight (OR 1.89, 95%CI 1.67-2.14) or obesity (OR 4.05, 95%CI 3.58-

4.57). The risk remained essentially unchanged after adjusting for maternal age, diabetes, 

country of birth, education and 1st-trimester smoking.

4.3 Paper III

Prevalence and risk indicators of preeclampsia

Paper III assessed time trends in preeclampsia prevalence. Of the 1 153 227 deliveries in the 

study population, 3.4% (n = 39 165) were affected by preeclampsia and 1.7% (n = 19 937) 

were affected by gestational hypertension. Preeclampsia prevalence consistently decreased 

in all subgroups over time. The prevalence of preeclampsia was highest in the first time 

period in 1999-2002 (4.3%, 95%CI 4.23-4.44) with decreasing prevalence across successive

time periods to 2.7% (95%CI 2.62-2.75) in 2015-2018.

Crude and adjusted odds ratios for preeclampsia in all five time periods showed a 

decreasing secular trend in preeclampsia risk. After adjustment for risk factors for 

preeclampsia (maternal age, parity, twin pregnancy, ART, country of birth, diabetes, chronic 

hypertension and 1st-smoking), a 44% decrease in the risk of preeclampsia (aOR 0.56,

95%CI 0.54-0.58) was observed in 2015-2018 compared to 1999-2002. This adjustment 

only slightly changed the OR from the univariate analysis (OR 0.61, 95%CI 0.59-0.63), 

suggesting that the alterations of these risk factors over time did not explain the reduction in 

preeclampsia prevalence. 

Overall, the proportion of women with known risk factors for preeclampsia increased during 

14.5% in 1999-2002 to 20.4% in 2014-2018. The proportion of nulliparous women 

increased, and women with higher parity decreased. The prevalence of type 2 and 

gestational diabetes increased. Use of assisted reproduction increased, while 1st-trimester 

smoking decreased by 80% between the first and last time periods. Labor induction more 

than doubled in the study population from 1999-2002 (10.9%) to 2015-2018 (22.2%).
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Maternal age

preeclampsia decreased 30% from 4.2% at the start to 2.9% at the end of the study period.

Parity

Preeclampsia prevalence declined 38% in nulliparous women (6.4% in 1999-2002 versus 

4.0% in 2015-2018). There was a 43% decrease in preeclampsia among primiparous women 

(3.0 % in 1999-2002 versus 1.7% in 2015-2018) and a 37% decrease in multiparous women 

(2.7% in 1999-2002 versus 1.7% in 2015-2018).

Gestational age

Decreased prevalence of preeclampsia in both term and preterm deliveries over time was 

observed, with the highest prevalence in time period 1999-2002 (gestational age 22+0 to 

33+6 weeks: 21.1%, 34+0 to 36+6 weeks: 14.8%, 37+0 to 44+6 weeks: 3.5%) and the 

lowest prevalence in time period 2015-2018 (gestational age 22+0 to 33+6 weeks: 17.7%, 

34+0 to 36+6 weeks: 11.6%, 37+0 to 44+6 weeks: 2.1%).

Multiple gestation and assisted reproduction

The prevalence of preeclampsia decreased by approximately one-third among women with 

twin gestations (13.6% versus 9.1%) and women with singleton pregnancies (4.1% versus 

2.6%) over the study period. There was a similar reduction in preeclampsia prevalence 

among women with pregnancies resulting from assisted reproduction (7.9% versus 5.2%).

Maternal chronic diseases

Type 2 diabetes remained low and stable during the study period. Type 2 diabetes doubled 

during the study period from 0.2% to 0.4%. Preeclampsia prevalence among women with 

type 1 or type 2 diabetes was reduced from the first to the last time period by 35% and 45%, 

respectively. Gestational diabetes increased five-fold from 0.8% at the study start to 4.9% at 

the study end, but in these women, the prevalence of preeclampsia was reduced by 52%

over time. The prevalence of chronic hypertension was low during all study periods (< 1%), 

and preeclampsia among women with chronic hypertension decreased 31% throughout the 

study period, from 21.4% in 1999-2002 to 14.8% in 2015-2018.
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Socioeconomic risk factors

The proportion of foreign-born women giving birth in Norway almost doubled during the 

study period (16.5% in 1999-2002 versus 30.2% in 2015-2018). The prevalence of 

preeclampsia decreased among both Norwegian-born and immigrant women, by 36% and 

39%, respectively. There was a decreasing trend of preeclampsia prevalence among both 

smokers and non-smokers during the study period, as well as among women with missing 

data for smoking. 

Aspirin 

Aggregated data from NorPD showed an increase in aspirin prescriptions among women 

younger than 40 years old from 2004 to 2018. In 15-19 year-old women, a 146% increase in 

aspirin prescriptions from 2004 (0.35 per 1000 women) to 2018 (0.86 per 1000 women) was 

observed. Aspirin prescriptions increased by 65%, 80%, 70% and 29% among women 20-

24, 25-29, 30-34, and 35-39 years old, respectively.

Gestational hypertension

Gestational hypertension prevalence had a transient increase from 1.5% (95%CI 1.42-1.52) 

in 1999-2002 to 2.0% (95%CI 1.90-2.01) in 2007-2010, and then progressively decreased to

1.6% (95%CI 1.55-1.65) in 2015-2018 for a net increase of 6.7% over the study period.
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5 DISCUSSION
5.1 Methodology

5.1.1 Study population and design 

Study population

The population for this thesis was selected from the MBRN. With few exceptions, the thesis 

included all women who gave birth in Norway during the study period. All three Papers 

excluded women with deliveries at the extremes of gestational age with the rationale that 

extremely early deliveries were mostly incompatible with viability and that extremely late 

deliveries were most likely due to errors in recording of the correct gestational age at 

delivery. Papers I and II excluded women with major congenital anomalies and/or multiple 

gestations in order to eliminate possible confounding effects of the fetus or increased 

placental mass on the observed association between maternal risk factors and preeclampsia 

or gestational hypertension. Paper II excluded also parous women, thus focusing the study 

on nulliparous women delivering at different gestational age groups. Preeclampsia is more 

prevalent among nulliparous women than parous women, as reported in Paper I. Paper III

excluded women with higher order gestations > 2 (i.e. triplets and more), with the thought 

that these pregnancies are often delivered prematurely and before preeclampsia has time to 

develop. Exclusion criteria were carefully considered in this thesis in order to select a study 

population that was most representative of the true population. 

Study design

This thesis was an epidemiological study using a population-based retrospective (historical)

cohort to achieve the main research aims. Epidemiology is the study of the determinants and 

patterns of disease and other health-related conditions in a selected population. The goal of 

epidemiology is to gain a better understanding of diseases or other health conditions in a

population and identify interventions can improve health outcomes. A doctor uses her 

knowledge of anatomy, physiology and pathophysiology to diagnose and treat a disease, but 

also relies on her understanding of the epidemiology of the disease in order to assess risk, 

order tests, choose treatment options, predict treatment outcome, tailor patient education and 

decide the extent and level of follow-up. Public health interventions, health communication,

research funding, healthcare policy and clinical guidelines are often based on results and 

conclusions from epidemiological research. 
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Epidemiologic research is conducted with either experimental or observational studies. 

Experimental clinical studies, such as randomized controlled trials, are used to study the 

effects (outcomes) of an intervention. The study design attempts to reduce the amount of 

variation between the intervention and control groups to maximize the validity of the study 

outcome. Experimental studies can be used when an acceptable intervention can be offered 

to the participant, such as the use (or not) of a medication, a procedure or counseling. 

Experimental studies must also meet ethical standards for research to minimize the risk of 

harm to the participant. The major advantage of experimental trials is the ability to infer 

causation; baseline randomization creates a scenario where, in theory, the only difference 

between the two groups is the intervention itself (356).

In observational studies, data (exposures and outcomes) in the study population are 

collected without any intervention on the study participants from the researcher. 

Observational studies are further subdivided into cohort studies, case-control studies and 

cross-sectional studies. 

Prospective cohort studies start by identifying exposed and un-exposed groups, and then 

assess for diseases or other health-related outcomes after a period of time. Advantages to

prospective cohort studies are minimal recall bias due to exposure data collected at the start 

of the study, and the ability to estimate the population at risk for disease by comparing

exposed and non-exposed groups. These cohort studies usually require data from large 

populations, take years to conduct, and study results could be biased if many participants are 

lost to follow-up (357). Examples of large prospective observational studies in Norway are 

the Trøndelag Health study (HUNT) (358) and the Norwegian Mother, Father and Child 

Cohort Study (MoBa) (359).

Retrospective (historical) cohort studies, such as used in this thesis, are similar to 

prospective cohort studies, but the “historic” nature of the study design saves time and 

money by using already collected individual-level data on exposures and outcomes (360).

Retrospective cohort studies often use data from established patient databases or health 

registers not specifically designed for research. Register-based studies, such as in this thesis,

have a number of advantages, namely the use of available data of a complete population 

independently collected over time (360). Retrospective cohort studies, including register-

based studies, have some weaknesses. Missing or inaccurate data, lack of data about 
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relevant potential confounding exposures, and changes in criteria used to define variables 

can introduce information bias and affect study outcomes (360, 361).

Case-control studies start by identifying people with the disease (“case”) and comparing 

them to people without the disease (“control”), usually matched by age and sex. Pre-defined 

exposure history is then assessed in both groups. Case-control studies have a high risk of 

recall bias and cannot estimate the population at risk for the disease, in terms of incidence or 

prevalence (362). Cross-sectional studies, often in the form of surveys or questionnaires, 

describe exposure and outcome prevalence at a single point in time, but cannot assess

association between exposure and outcome (363). Since the main focus of the thesis was 

estimating the association between risk factors (exposures) and preeclampsia or gestational 

hypertension (outcomes) and describing prevalence of both risk factors and the diseases in 

the study population, a cohort study was used.

A major weakness of observational studies is the general inability of these studies to 

establish a direct cause-and-effect relationship between the exposure and outcome.

Nonetheless, the seminal writings of Sir Austin Bradford Hill (364) on causal association

has given researchers a framework by which to infer causation from observational studies 

when experimental studies cannot be performed. Many commonly known causes of diseases

– for example, smoking as a cause of lung cancer, contaminated water as a cause of cholera, 

thalidomide as a cause of birth defects – were established based on observational studies. 

Observational studies have led to life-saving public health initiatives and changes in medical 

management. Not uncommonly in obstetrics, experimental studies are challenging for 

studying the relationship between an exposure and an outcome, and thus observational 

studies are often used. In this thesis, the biologic and socioeconomic risk factors (exposures) 

studied were more amenable to an observational study than an experimental one. The 

observational design of this thesis allowed for the estimation of association, i.e. “risk”, 

between women’s socioeconomic and health status and the development of hypertensive 

disorders of pregnancy. An understanding of “risk” in the absence of causation is still

immensely important, as it can influence clinical management, direct further research and 

inform healthcare policy.
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Statistical methods

In this thesis, “risk” was reported as the odds ratio (OR). Odds ratios are used to compare 

outcomes in two groups, and they measure the strength of association between the exposure 

and the outcome (365). Odds ratios are used to report results in case-control studies and 

observational cohort studies where the outcome is dichotomous and logistic regression is 

used (366, 367). “Odds” is defined as the probability that an outcome (disease) will occur 

divided by the probability that the outcome (disease) will not occur. The odds ratio is the 

odds of an outcome (disease) occurring in the exposed group divided by the odds of an 

outcome (disease) occurring in the unexposed group. 

An example of the OR is described in the 2 x 2 contingency table below, using type 1 

diabetes as the exposure/risk factor and preeclampsia as the outcome/disease:

 DISEASE 
OUTCOME 

Preeclampsia 

NO DISEASE 
NO OUTCOME 

No preeclampsia 
EXPOSURE 

RISK FACTOR 
Type 1 diabetes 

a b 

NO EXPOSURE 
NO RISK FACTOR 

No Type 1 diabetes 
c d 

Odds of preeclampsia in women with type 1 diabetes = a/b
Odds of preeclampsia in women without type 1 diabetes = c/d

Odds ratio (OR) =

Odds ratio (OR) = (a/b) / (c/d) = ad/bc

Logistic regression was used in this thesis to calculate the OR, and the results were reported

along with a 95% confidence interval (CI). The confidence interval gives a range in which

there is a high probability (95%) that the “true” OR is found, if multiple, independent 

random samples were taken from the total (infinite) population and confidence intervals 

where calculated from each of the samples (368). The use of 95% is actually arbitrary, but it 

is commonly used for confidence intervals in the medical literature (365, 368). In general, 

odds of preeclampsia in women with type 1 diabetes
odds of preeclampsia in women without type 1 diabetes
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the larger the sample size, the smaller the confidence interval and the greater the certainty

(precision) that the observed OR is close to the true OR. In this thesis, using population-

based data with large sample sizes resulted in generally narrow confidence intervals. 

However, in some analyses where the sample size was smaller, the confidence intervals 

were larger, resulting in a lower level of precision of the estimated effect. This was seen 

particularly in model 2 of the univariate and multivariable regressions in Paper II, due to 

fewer women with available data for BMI.

Logistic regression was used to assess the relationship between exposure(s) and one 

dichotomous outcome variable, in this thesis either preeclampsia (yes/no) or gestational 

hypertension (yes/no). Univariate logistic regression investigated how a single risk factor 

was related to either preeclampsia or gestational hypertension all three Papers. Multivariable 

logistic regression was used in all three Papers to investigate how multiple risk factors

occurring at the same time were related to either preeclampsia or gestational hypertension;

this approach allows for the assessment of the independent association of each risk factor to 

each outcome while adjusting for the other risk factors as possible confounders (369). The 

multivariable regression was reported as the “adjusted” odds ratio (aOR), which is the OR 

for each individual risk factor while simultaneously holding all other risk factors constant 

(367).

5.1.2 Consideration of bias

Bias is a systematic error in the design, conduct or analysis of a study that results in an 

inaccurate estimate of the association between an exposure (risk factor) and an outcome 

(disease) that threatens the validity of the study (370). The problem with bias is that it 

cannot be fixed and the study is flawed. The three major types of bias are selection bias 

(errors in how participants are selected for a study), information bias (errors in collection of 

data), and confounding (errors in measurement of association).

Selection bias is a faulty method of participant selection for a study that results in a 

distortion of the exposure-outcome relationship from that which is actually present in the 

target population. In population-based studies, participants are sampled from an entire 

population that shares a common demographic, such as age, gender, geography, profession,

or health status. Not all population-based studies include the entire population, however, and 

these studies are at risk of selection bias when selecting and enrolling participants. A 
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common selection bias in prospective population-based cohort studies, is the 

disproportionate enrolment of high-income, well-educated, predominantly healthier 

participants compared to the general population the study population is supposed to 

represent (371). Participant drop-out or lost to follow-up can also create selection bias, if 

those no longer in the study cohort are due to reasons that effect both exposure and outcome 

(372).

The MBRN database records pregnancy and delivery outcomes from the entire population 

of Norway, so there really is no significant participant drop-out or loss to follow-up. By 

studying essentially the entire population of pregnant women in Norway in this thesis, all 

three Papers were comprised of study populations that adequately represented the “true” 

population. The Papers had, therefore, very low risk of selection bias. In this thesis, women 

with deliveries < 23+0 weeks of gestation (Papers I and II) and < 22+0 weeks of gestation

(Paper III), were excluded in the study group despite studies showing a positive association

between hypertensive disorders of pregnancy and periviable deliveries (373-375).

Gestational age at delivery was used to define, or limit, the scope of the study population in 

Papers I and III; in Paper II, gestational age groups were used to stratify the analysis. 

Information bias occurs when data is collected differently, inadequately, or incorrectly in

the exposed and unexposed groups, leading to an error in the estimation of association 

between exposure and outcome (370). There are different subtypes of information bias, such 

as recall bias, end digit preference bias, apprehension bias, family information bias, 

expectation bias and reporting bias, but the result is always the same: Information on 

exposures, outcomes and/or confounders is somehow flawed (370, 376). Information bias 

can occur because of wrongful reporting of subjective data from a study participant, for 

example weight or alcohol consumption; incomplete or inaccurate data extracted from 

medical records, questionnaires or interviews; non-standardized collection of data; 

erroneous classification of exposure or outcome based on prior knowledge or assumptions;

or mistakes in coding variables or categorization of continuous data (376). These errors can 

be intentional or unintentional on the part of the participant and/or the researcher, and can 

result in misclassification of the data. Misclassification is the assignment of a participant to 

the wrong category of exposure or outcome and occurs as either non-differential or 

differential misclassification.
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Non-differential misclassification means that the level of misclassification is the same in the 

exposed and non-exposed groups; this results in a diluted OR, which is shifted towards 1, 

and thus an underestimation of the true risk (370, 376). Non-differential misclassification 

due to underreporting of an exposure with three or more categories, for example BMI, leads 

to underestimation of the middle categories with a dilution of the OR, but with no effect on 

the association in highest category (except for wider confidence intervals due to fewer 

observations); this can lead to an erroneous interpretation of a dose-response relationship 

where none actually exists (376). Differential misclassification occurs when the level of 

misclassification differs between the exposed and unexposed groups; this leads to either an 

increase or decrease in the observed compared to the true association between exposure and 

outcome (370), in other words, a biased OR. Categorizing continuous variables, whether as 

an exposure or a confounder, can also lead to biased ORs (377). In addition, non-differential 

misclassification of continuous variables can lead to differential classification, i.e. biased 

ORs, when the continuous variable is categorized for analysis (378). Non-differential 

misclassification of potential confounders can also lead to a biased OR of the main 

exposure; the greater the error of measurement of the confounder, the larger the bias (376).

In this thesis, data was extracted from the MBRN for all three Papers, and education data 

from SSB was linked to individual participants in Papers I and II. Since this thesis was a 

retrospective cohort study using register and population data, there was a risk of information 

bias. In Papers I and II, 16% of women lacked information on smoking status, and missing 

data on smoking was categorized as “no smoking”. Paper III reported missing smoking data

as a separate category in the analysis. It is possible that missing data for smokers were

because smokers were more likely not to divulge their smoking status. Another possible 

scenario is that information on smoking was less often collected from foreign-born women 

because of language barriers or underlying assumptions based on national origin, ethnicity 

or religious affiliation. Assigning “no smoking” to women who were in fact smokers may 

have led to a differential misclassification of a smoking as a potential confounder. Similarly, 

if a disproportionate amount of missing smoking data came from foreign-born women, 

categorizing missing smoking data as “no smoking” would have also created a differential 

misclassification of smoking exposure among foreign-born women. Either of these 

possibilities could have resulted in information bias. To check for this, a separate analysis of 

women with missing smoking data showed that their outcomes were closer to non-smokers 
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than smokers. Women with missing data on smoking were thus included in the non-smoking 

group in Papers I and II.

Information on education was lacking in 3.9% of women in Papers I and II, and was 

assumed to be missing at random. All remaining exposure variables in the thesis were 

missing in less than 1% of the dataset. Since the study population was large, and the small 

amount of missing information would not appreciably affect the outcomes, imputation on 

these variables was not performed. Imputation is a statistical analysis technique by which 

missing values are given substitute values in an attempt to improve accuracy in the observed 

estimate and reduce bias (379).

Information bias could have also occurred in this thesis due to errors in data collection and 

reporting the MBRN, such as variations in how clinicians define disease and record health 

information in the prenatal record and inpatient hospital chart. There can also be errors in 

data transfer or input in the MBRN. Reporting of pregnancy, delivery and newborn data to 

the MBRN takes place within 1 week after discharge of mother and baby from the hospital. 

The MBRN quality-checks the data against the national population registry, hospitals’ own 

patient databases and autopsy reports, and follows up gaps in case numbers for registered 

pregnancies that do not result in deliveries. In 2017, the MBRN reported 100% coverage for 

birth, abortions and newborn admissions, and 80% coverage for ART (380). The MBRN is 

generally considered to be of good quality and suitable for research (381), and a large 

number of studies are published based on data from the MBRN. A number of validity 

studies have been performed citing sufficient validity for MBRN variables for preeclampsia 

(382, 383), gestational hypertension, gestation age, birthweight, medically indicated 

delivery (induction of labor or cesarean section before onset of labor) (384), trial of labor 

after cesarean section (385), unexplained antepartum fetal death (386), ART (387), diabetes, 

epilepsy (388), rheumatic diseases (389), placental and umbilical cord (390), obstetric 

sphincter tears (391), Down syndrome (392) and mild hyperemesis gravidarum (393).

Conversely, studies have found suboptimal validity for severe hyperemesis gravidarum 

(393), uterine rupture (394), asthma (388) and medication use in pregnancy (395).

Given that all three Papers used validated MBRN variables for gestational age, induction of 

labor, diabetes, preeclampsia and gestational hypertension, there is low chance for 

information bias in the thesis due to these variables, although bias cannot be completely 
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excluded. Self-reported pre-pregnancy maternal height and weight variables in the MBRN 

used to calculated BMI have not been validated, so there could be information bias due to 

the BMI variable used as both an exposure and confounder in Paper II. A 2017 systematic 

review of self-reported pregnancy weight found that women underreport pre-pregnancy 

weight leading to a differential misclassification of population prevalence according to pre-

pregnancy weight class (both underweight and overweight) and race/ethnicity (396).

However, although the authors did report that some studies reporting biased associations

between BMI and delivery outcomes, including preeclampsia, the general conclusion was 

that the bias was low (396).

MBRN still uses the classic definition of preeclampsia as hypertension with proteinuria. 

Updated definitions of preeclampsia that include signs of preeclampsia-associated organ 

dysfunction in the absence of proteinuria were not applicable in this thesis, as these data 

were not available. From an analysis standpoint, it was helpful that the classification of 

hypertensive disorders of pregnancy did not change over the study period, thus the 

definition of the outcome variable for preeclampsia remained constant. In reality, 

approximately 15–25% of women with gestational hypertension will eventually develop 

proteinuria (397). Women with preeclampsia without proteinuria were registered as 

gestational hypertension in the MBRN and thus assigned to the gestational hypertension 

variable in all the analyses in this thesis. This may have resulted in a misclassification of the 

outcome variables for hypertensive diseases in pregnancy. The misclassification is likely 

non-differential, as there is no data to support that women with any type of risk factor would 

be more or less likely to develop preeclampsia without proteinuria. Non-differential 

misclassification of dichotomous outcome variables tends to bias towards the null and thus,

at most, slightly underestimate the observed association between exposure and outcome 

(398). It is therefore possible that the odds ratios in this thesis are slightly underestimated, 

but this probably has very little clinical significance. 

Confounding is an important consideration in observational studies. Confounding occurs

when the observed measured association between the exposure and outcome differs from 

the true association because of the interference of “something else” not considered, usually 

another measurable or unmeasurable exposure (370). Three strategies – limiting, 

stratification and adjustment – were employed to address the problem of confounding in this 

thesis. In Paper I, the data was stratified by parity (nulliparous, parous), and in Paper II, the 
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data was first limited to nulliparous women and then stratified by gestational age group at 

delivery (23+0 to 33+6 weeks, 34+0 to 36+6 weeks, and 37+0 to 43+6 weeks). In all three 

Papers, multivariable regression was used to adjust for possible confounders (i.e. other 

possible risk factors that affect both exposure and outcome) to each major risk factor being 

studied. In Papers I and II, the outcomes for each stratum were reported separately.

5.2 Strengths and limitations

The major strength of the thesis is its large population-based dataset with almost one million 

deliveries during the study period in Paper I, nearly 400 000 deliveries in Paper II and over 

one million deliveries in Paper III. Large population-based studies, especially ones that 

comprise very nearly the entire target population, have high external validity. Data from 

1999 was used in the thesis because of major changes in 1998 to the way data were 

collected and recorded in the MBRN. Most notably, prior to 1999, pregnancy due date was 

based on the first day of the last menstrual period (LMP). In 1999, routine second trimester 

ultrasound examination replaced LMP for calculating pregnancy due date. Given the nearly 

100% attendance rate for the second trimester ultrasound, the new method fundamentally 

changed how gestational age at delivery was recorded in the MBRN. It is important to note, 

however, that second trimester ultrasound is less reliable than first trimester ultrasound

measurement of crown-rump length in estimating gestational age and calculating a 

pregnancy due date (399).

Another strength of the thesis is that new data was added when it became available. Paper 

III used MBRN data from 2015-2018 in addition to previously available data from 1999-

2014. This allowed for comparison of hypertensive disorders of pregnancy over a 20-year 

time period.

Yet another strength is that all three Papers used multivariable logistic regression, which 

described the complex covariation of the assessed risk factors. In addition, the precision of 

the observed associations in all three Papers was very high, as the studies had many 

participants, i.e. many observations, which yielded predominantly narrow confidence 

intervals. As discussed in the section about bias, this thesis used previously validated 

variables from the MBRN (382-384, 387, 388), which reduced the risk of information bias.

All foreign-born women delivering in Norway were included in the thesis, not just specific 
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immigrant groups as in previous studies (111, 113, 192, 400, 401). In addition, all women 

are entitled to free antenatal care in Norway, and obstetric care is fairly standardized

throughout the entire country. The heterogeneity of the study population coupled with the 

homogeneity of the national health system provided an excellent opportunity to study both 

socioeconomic and biologic risk factors for preeclampsia in a 16-year period, and then 

investigate how – and possibly why – preeclampsia prevalence changed over two decades.

The thesis has, of course, some limitations. A limitation of Paper I is the dichotomous 

categorization of hypertensive disorders of pregnancy into gestational hypertension and 

preeclampsia. The outcome variable preeclampsia included both early and late-onset 

preeclampsia, which may have different pathogenic etiologies and clinical outcomes (21, 

23, 27). Inclusion of all subtypes of preeclampsia into one outcome variable did not allow 

for estimation of the association of country of birth and education on early versus late-onset 

preeclampsia. Paper II, however, specifically assessed maternal risk factors in nulliparous 

women for early, intermediate and late-onset preeclampsia. Although Paper II focused on 

maternal biologic risk factors as the main exposures, country of birth and education were 

included as potential confounders. The univariate and multivariable logistic regression

analyses in Paper II confirmed that the associations between country of birth and education 

found in Paper I were still present even when exposures were stratified by gestational age 

group at delivery. 

Another limitation of Paper I is that women were grouped by country/world region based 

solely on their country of birth and not on their ethnicity, immigrant status, or length of 

residence in Norway. Second-generation immigrants [women born in Norway to immigrant 

parent(s)] were included in the Norwegian-born group. These women may have had 

biologic and environmental factors that were more similar to foreign-born women from the 

same country as their parent(s). Similarly, adopted foreign-born women likely grew up with 

environmental factors similar to Norwegian-born women, and women born abroad to 

Norwegian parents likely had biologic and possibly environmental factors similar to 

Norwegian women; nonetheless, these women were grouped as foreign-born. Papers II and 

III included maternal country of origin as a potential confounder, so the limitations with this 

exposure variable seen in Paper I were carried over into the other Papers.
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Paper I also investigated maternal education as a risk factor for hypertensive disorders of 

pregnancy. The education levels differed between Norway and the other world regions, and 

between nulliparous and parous women. In general, women from world regions that had

large industrialized countries (for example North America) were more highly educated than 

those from world regions that had mostly low or middle-income countries (for example Sub-

Sahara Africa). There may also be variations in education level between the countries in 

each world region, but this level of detail is unfortunately lost when assessing maternal 

education on the level of world region.

The MBRN started collecting data on pre-pregnancy height and weight in 2006. Paper II

used pre-pregnancy BMI, calculated from height and weight data, as both a major exposure 

and a possible confounder. A limitation of Paper II is that 75% of deliveries lacked data for 

height and weight. This means that although the logistic regression in model 1 (without 

BMI) included 366 949 nulliparous women, the logistic regression in model 2 (with BMI) 

had only 88 612 women. A separate sub-analysis of all singleton births to nulliparous 

women between 2006 and 2014 showed outcomes similar to the larger study population.

Nonetheless, since there were fewer women included in model 2, there was less precision in 

the observed observation (aOR) and much wider 95% confidence intervals than in model 1.

It is possible that as more height and weight data becomes available in the MBRN, this 

could lead to observations not seen in this thesis. For example, in this thesis, the 95% 

confidence intervals overlapped between model 1 and model 2 in all three gestational age 

groups for the observed risk of preeclampsia among women with chronic hypertension. In 

the future, if this study were to be repeated with more women with BMI data, the observed 

associations (ORs) would be more precise and the 95% confidence intervals would be 

narrower. If the 95% confidence intervals no longer overlapped, then some of the findings 

in Paper II might actually be due to a Type 2 error due to a too small sample size. A Type 2 

error is when the null hypothesis (H0) is not rejected when it is false; or in other words, the 

alternate hypothesis (H1) is rejected when it is true (368). In Paper II, it is possible that the 

lack of observed difference in risk of preeclampsia among women with chronic 

hypertension with or without known BMI could in time prove to be incorrect when more 

BMI data is available.

The lack of available BMI data was also a limitation in Paper III. Sixty-five percent of 

deliveries in the dataset lacked BMI, and BMI was not included in the analyses, although it 
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is a known risk factor for both early and late-onset preeclampsia, as seen in Paper II. The 

reason for excluding BMI in the analysis in Paper III – despite having more BMI data than 

in Paper II – was that Paper III focused on secular trends of preeclampsia. It was not 

feasible to study BMI as risk factor for preeclampsia over time, when BMI data was not 

available in the first two time periods (1999-2002 and 2003-2006) and was missing among 

the majority of women in the first half of the time period 2007-2010.

Another limitation of Paper III was the lack of individual data for aspirin use in pregnancy. 

Although the MBRN collects data on medication use in pregnancy, individual-level data on 

aspirin use was not used because the variable has poor validity. This is likely due to the use 

of an open text box on the notification form instead of a pre-coded field as used for maternal 

diseases (395). Population-level data for aspirin was used instead, but specific indications 

for aspirin use were not available. Although there was an observed increased in 

prescriptions for low-dose aspirin to women < 40 years old from 2004 to 2018 which 

coincided with a reduction in preeclampsia prevalence, it was not possible to estimate an 

association between low-dose aspirin and preeclampsia based on the available data in this 

thesis. 

5.3 Interpretation of results

Risk factors for hypertensive disorders of pregnancy

There is growing evidence that preeclampsia is due to malplacentation and declining 

placental function with synctiotrophoblast stress and an imbalance of antiangiogenic and 

angiogenic factors that cause the clinical syndrome of maternal hypertension, multi-organ 

dysfunction and FGR. Papers I and II investigated maternal “exposures” as risk factors for

developing preeclampsia and gestational hypertension. By screening for risk factors,

prenatal healthcare providers can identify women most at risk of developing preeclampsia

so that these high-risk women can be offered low-dose aspirin aimed at preventing the 

syndrome and reducing adverse perinatal outcomes. Hopefully, a greater understanding of 

the shared underlying pathophysiology that links diverse maternal risk factors to the 

preeclampsia syndrome will ultimately lead to affordable and effective targeted or universal 

primary preventive strategies that virtually eliminate preeclampsia, improve maternal and 

neonatal health, and prevent long-term health problems in both mother and child.
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Given the biologic model for preeclampsia pathogenesis, it is difficult to see how maternal 

country of origin or education, the two exposures investigated in Paper I, could be risk 

factors for the disorder. However, poverty, pollution, poor hygiene, inadequate sanitation, 

dangerous living conditions, overcrowding, malnutrition, unemployment, low education, 

domestic violence, substance abuse, sedentary lifestyle and lack of access to health care can 

create health inequalities or health inequities that increase the risk of many diseases, 

including diabetes, obesity and cardiovascular disease – all risk factors for preeclampsia. It 

is therefore important to consider socioeconomic risk factors for hypertensive diseases in 

pregnancy even though the diseases do not have a direct environmental etiology.

Paper I showed that foreign-born women had the same or lower risk of preeclampsia and 

gestational hypertension as Norwegian-born women, regardless of parity. In addition, low 

education did not increase the risk of preeclampsia compared to secondary education, also 

regardless of parity. These findings were adjusted for age, consanguinity, 1st-trimester 

smoking and diabetes, but they may have been affected by variations in underlying social 

and biologic factors, including BMI, not accounted for in the study.

Paper I was the first study to explore the association between education level and 

hypertensive diseases in Norway. Education is a good proxy for measuring socioeconomic 

inequality as it is less likely to be influenced by adult-onset diseases than other measures 

such as income and occupation (402). Despite documented educational inequalities in health 

in Norway (403), low education was not a risk factor for preeclampsia in this thesis. This 

finding is in contrast to other studies estimating an inverse association between 

socioeconomic status and hypertensive disorders of pregnancy in other high-income 

countries (118, 404, 405). The reason for this is unknown, but it may be due to fairly 

standardized and easily accessible antenatal care offered free to all pregnant women in 

Norway.

Maternal country of birth was also used as an objective socioeconomic variable. Although 

race or ethnicity is often used as a socioeconomic variable in observational studies, they 

were not considered in this thesis. Neither SSB nor the MBRN collect data on race or 

ethnicity; in fact, these variables are not allowed to be registered in any public document. 

Classifications of race or ethnicity simply do not exist in Norway. Race is not considered a 

biologic measure, and there is no agreement about the definition of race as a social 
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construct. This is in contrast to other countries, such as the US, where self-defined race is 

considered an important asset for research and is indeed seen as a mandatory variable to 

explore in research settings.

Studies outside Norway show that immigrant women have delayed antenatal care and fewer 

antenatal visits compared to host country women (406-408), possibly due to poor language 

proficiency, fewer economic resources, and lower maternal education (409). Differential

antepartum care practices between immigrant and native women may also lead to delays in 

preeclampsia and gestational hypertension diagnoses among immigrants (410). In Oslo 

where the greatest percentage of foreigners live, female immigrants utilize more health care 

services than Norwegians (411). Although immigrants nationwide tend to utilize primary 

care services less often than Norwegians, for those that do, they do so at a higher frequency

(412). Healthcare providers most certainly face challenges when caring for pregnant women 

of foreign birth, possibly due to barriers in communication, poor health literacy, cultural 

misunderstandings, variations in utilization of health care services, and higher prevalence of 

co-morbidities. The same or lower risk of hypertensive diseases in pregnancy in women 

with foreign birth is less likely due to under-diagnosis or underreporting of disease,

underutilization of healthcare services, or differential treatment. The findings in Paper I are 

more likely a reflection of a well-functioning national health system in Norway that offers 

uniform and free prenatal care and obstetric services to all women, regardless of national 

origin.

Immigrants to Europe tend to be healthier than their native hosts due to strict national 

immigration policies (413) and self-selection bias, where the healthiest and most resourceful 

are likely to immigrate successfully. The “healthy immigrant effect” is more pronounced in 

adult immigrants and those with the shortest length of stay in the host country (414). Since 

the findings in Paper I are based on foreign-born women of relatively young age who have 

arrived in Norway sometime during their lifetime, the healthy immigrant effect could be a 

major contributing factor to the observed risk estimate. On the other hand, specific 

immigrant groups have a poorer health profile than Norwegians (411), so the healthy 

immigrant effect may have less influence in the thesis.

Although maternal country of origin was used as a socioeconomic variable in this thesis, it 

is worth considering this variable as a potential proxy for genetic risk factors for 
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hypertensive disorders of pregnancy. A recent secondary analysis of two US randomized 

control trials investigating the use of aspirin for preeclampsia prevention in low and high-

risk women, found that low-dose aspirin 60 mg had no effect on preeclampsia prevention in 

certain ethnic and racial minorities, suggesting that there may be genetic polymorphisms

related to aspirin intolerance in certain populations (415). These finding may not necessarily 

be relevant to Norway where there is a huge mix of Caucasian origin among women, people

of color come from many different parts of the world, and children are born to parents with 

different genetic origins. Nonetheless, there may be high-risk foreign-born women in 

Norway with a genetic intolerance to aspirin who will not benefit from aspirin prophylaxis

at current recommended doses. Further studies are needed to identify who these women are 

and how best to treat them.

Whereas Paper I focused on socioeconomic risk factors for hypertensive diseases in 

pregnancy in nulliparous and parous women, Paper II focused on three known biologic risk 

factors in nulliparous women only, namely diabetes, chronic hypertension and pre-

pregnancy BMI. Paper II found that these maternal exposures were independent risk factors 

for early, intermediate and late-onset preeclampsia and gestational hypertension. One 

exception was the lack of association between gestational diabetes and early-onset 

preeclampsia, but this was probably due to these women having less time to develop 

gestational diabetes before the pregnancy ended in preterm delivery. Pre-pregnancy BMI 

did not significantly modify the risk of preeclampsia in women with pre-gestational diabetes 

or chronic hypertension, indicating the independent effects of obesity/overweight, pre-

pregnancy diabetes or chronic hypertension. Pre-pregnancy BMI partially confounded the 

risk of late-onset preeclampsia in women with gestational diabetes; the risk was still present, 

but the magnitude of the risk was significantly decreased. The association between pre-

gestational diabetes and gestational hypertension was fully confounded by pre-pregnancy 

BMI.

Diabetes is associated with impaired endothelial-dependent vasodilation and arterial 

stiffness, likely due to a combination of hyperglycemia, insulin resistance, oxidative stress 

and vascular inflammation (416-418). The interplay between type 2 diabetes and vascular 

inflammation is a bidirectional process, as diabetes leads to vascular inflammation with the 

overproduction of pro-inflammatory cytokines, and vascular inflammation promotes the 

development of diabetes (416). Insulin resistance is also present in type 1 diabetes, often in 
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conjunction with obesity, but also possibly due to the administration of high doses of 

exogenous insulin (419).

In general, the prevalence of diabetes in Norway is low compared to some other western 

countries. The Norwegian Institute of Public Health’s national report on diabetes estimates a 

4.7% prevalence of the disease in the entire population, of which approximately 88% is type 

2 diabetes; the incidence of type 1 diabetes is approximately 300 children per year (420). In 

the general population, the prevalence of type 2 diabetes has increased steadily over the past 

few decades, and this trend was confirmed among pregnant women in Paper III.

Nonetheless, the prevalence of type 2 diabetes in Norway is much lower among women, 

especially younger women, compared to men. In fact, unlike in the general Norwegian 

population, type 1 diabetes was three times more prevalent than type 2 diabetes in 

pregnancy, as shown in Paper II. Whereas the proportion of pregnant women with type 1 

diabetes remained constant over 20 years at 0.4%, Paper III showed that the prevalence of 

type 2 diabetes in pregnancy doubled from 1999-2002 to 2015-2018, although the absolute 

increase was still very low.

Any type of diabetes tripled from study start to end, as reported in Paper III. This finding 

was driven mostly by a quintupling of gestational diabetes prevalence. Gestational diabetes 

prevalence is very much dependent on screening criteria and blood glucose cutoff values.

Stricter screening criteria and higher blood glucose cutoff values will decrease the reported 

prevalence of the disease due to under-diagnosis (fewer false positives, more false 

negatives). Conversely, more liberal screening criteria, such as universal screening, and 

lower blood glucose cutoff values will increase the reported prevalence of gestational 

diabetes, but will also include women who may not have clinically significant disease 

(fewer false negatives, more false positives). Gestational diabetes prevalence is expected to 

increase to approximately 10% of the pregnant population in Norway, partly based on 

lifestyle choices and genetic factors, but more likely because of newer more liberal 

screening guidelines and lower blood-glucose cutoff values (421).

Since women with gestational diabetes are at risk for preeclampsia, they may benefit from 

prevention. Aspirin prophylaxis, the only known preventive medication, is generally not 

applicable in this group as it is started in early second trimester based on first-trimester risk 

assessment; gestational diabetes is not diagnosed until the third trimester. The findings in 

Paper II show that BMI attributes partially to the increased risk of preeclampsia at term in 
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women with gestation diabetes. If the first stage of late-onset preeclampsia starts with 

placental functional decline due to the combination of increased placental mass coupled 

with limited uterine capacity, women with gestational diabetes, especially those with high 

BMI, could possibly lower their risk of preeclampsia by a preventive strategy other than 

aspirin. Unfortunately, current interventions such as nutrition education, diet, exercise, self-

glucose monitoring, and even insulin treatment, have not been found to decrease the risk of 

hypertensive diseases in pregnancy in women with gestational diabetes compared to healthy 

controls (422, 423). Metformin, an oral insulin sensitizer used to treat type 2 diabetes,

reduces antiangiogenic factors such as s-Flt-1 and improves endothelial dysfunction (424).

In an in-vitro study, the effect on s-Flt-1 was more pronounced when metformin was

combined with sulfasalazine, a synthetic salicylic acid derivative with anti-inflammatory

properties (425). A 2018 systematic review and meta-analysis found that among women 

with gestational diabetes, metformin significantly reduced the risk of gestational 

hypertension but had no effect on the risk of preeclampsia, although the quality of evidence 

was low (426).

One-third of the nulliparous women in Paper II had overweight or obesity, and these women 

had an increased risk of preeclampsia across all three gestational age groups, as well as an 

increased risk of gestational hypertension, even after adjustment for possible confounders.

Obesity is a state of chronic low-grade inflammation, as metabolic adipocyte dysfunction 

promotes the release of pro-inflammatory cytokines and induces oxidative stress (427). In 

addition, perivascular adipose tissue becomes dysfunctional and decreases production of 

vaso-protective adipocyte-derived relaxing factors while also increasing the production of 

pro-inflammatory cytokines and inducing oxidative stress, thus contributing to vascular 

inflammation and endothelial cell dysfunction (428). The observed higher magnitude of risk 

of late-onset preeclampsia with rising pre-pregnancy BMI may be secondary to intervillous 

malperfusion and hypoxia due to mechanical restrictions as the growing placenta reaches its 

size limit, coupled with underlying excessive vascular inflammation (23, 28-30). This 

conceptual mechanism is summarized in the revised two-stage model of preeclampsia (27).

The prevalence of obesity in the Norwegian general population has increased over the past 

60 years, even in those least genetically predisposed to obesity, suggesting a combination of

biologic and environmental etiologies to the obesity epidemic (429). Because of 

considerable missing pre-pregnancy height and weight data in the study period, Paper III
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could not investigate any secular trends of BMI in this thesis. Most likely, however, average 

pre-pregnancy BMI has increased among pregnant women, reflecting national and 

international trends in high-income countries. An observational studying using all available 

MBRN height and weight data from 2006-2014 found an inverse relationship between pre-

pregnancy BMI and population density (430). Geographic differences in pre-pregnancy 

BMI suggest a considerable environmental component to obesity in pregnancy, although the 

possible confounding genetic influence of assortative pairing and sibling effect cannot be 

excluded.

BMI most likely represents both a socioeconomic and biologic risk factor for hypertensive 

diseases in pregnancy, and most concerning is that the prevalence of maternal 

overweight/obesity is likely to increase over time. Pregnant women with overweight or 

obesity have decreased insulin sensitivity and are at increased risk of developing metabolic 

syndrome later in life (431). Additionally, preeclampsia itself is a risk factor for early 

development of metabolic syndrome (432). Aspirin has a beneficial effect in the prevention 

of preterm preeclampsia in women with elevated BMI (321), but an effective preventive 

intervention for term preeclampsia among overweight or obese women has yet to be found.

A 2021 systematic review and meta-analysis found no effect of either exercise or metformin 

on hypertensive disorders of pregnancy among overweight pregnant women, but the authors 

cited low-quality evidence in the studies (433). Future studies are needed to investigate 

whether interventions such as metformin, with or without aspirin (or another anti-

inflammatory), has a beneficial role in term preeclampsia prevention among women with 

gestational diabetes, obesity, or both. Finding effective preeclampsia prevention strategies in 

this sub-group is particularly important to improve pregnancy outcomes, prevent future 

cardiovascular and metabolic diseases, and reduce the overall burden of disease in the 

general population.

Chronic hypertension increased the risk of preeclampsia in nulliparous women in all 

gestational age groups in Paper II; the magnitude of risk was highest for early-onset 

preeclampsia and lowest for late-onset preeclampsia. Chronic hypertension is associated 

with oxidative stress and vascular inflammation, and the interplay of these two 

pathophysiologic processes lead to endothelial dysfunction (434). Women with chronic 

hypertension may need additional surveillance, counseling and treatment in early third-

trimester when the risk of preeclampsia is highest. This is particularly important since 
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aspirin prophylaxis in women with chronic hypertension may not have the same protective 

effect against preeclampsia as it does in women with other high-risk factors (321).

Considering the two-stage biologic model of preeclampsia, maternal inflammatory or 

metabolic stress from chronic hypertension may have such a negative effect on spiral artery 

remodeling and placentation that aspirin prophylaxis may need to be started even earlier 

than 12+0 weeks of gestation – perhaps even pre-conceptually – in order to achieve its 

protective effect. Low-dose aspirin initiated < 11+0 weeks of gestation, however, does not 

appear to prevent any type of hypertensive disorder of pregnancy in high-risk women,

according to a recent meta-analysis, although non-significant reductions were found for both

preeclampsia and gestational hypertension (435). Further studies are needed to find if there 

is an optimal time, if any, or optimal dosage, for aspirin initiation in the sub-group of 

women with chronic hypertension.

Secular trends in hypertensive disorders of pregnancy

After studying socioeconomic and biologic risk factors for hypertensive disorders of 

pregnancy, attention was turned toward investigating secular trends in preeclampsia and 

gestational hypertension prevalence over two decades. The novel finding in Paper III was 

that despite the increased proportion of high-risk women over time, there was a reduction in 

preeclampsia prevalence in all subgroups of women with known risk factors studied. The 

decreasing trend was also seen in all gestational age groups at delivery. Overall 

preeclampsia prevalence decreased by 37% between the first and last four-year time 

increments. This trend was observed despite an increasing proportion of high-risk 

parturients with advanced maternal age, type 2 diabetes, gestational diabetes and ART – all 

risk factors for preeclampsia. First-trimester smoking, which is inversely associated with 

preeclampsia, decreased. The prevalence of other known risk factors, such as nulliparity, 

twin gestations, type 1 diabetes and chronic hypertension remained fairly stable, whereas 

the proportion of foreign-born women nearly doubled over the study period. Observed 

population changes could not fully explain the 44% decreased risk of preeclampsia over the 

study period.

The transient increase in gestational hypertension concurrent with reduced preeclampsia 

prevalence observed in the early years of the study, could be interpreted as merely a shift 

from the more severe form (preeclampsia) of hypertensive disorders of pregnancy to the 

clinically less severe form (gestational hypertension). This may indeed have been the case in 
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the beginning of the study period. However, gestational hypertension prevalence at the end 

of the study was roughly similar to the study start (net increase of 6.7%), whereas 

preeclampsia prevalence continued to fall. This suggested a more profound effect across the 

hypertensive disorder group, where less women were affected, and with a less severe 

phenotype.

The findings in Paper III may reflect an increasingly healthier population in Norway. 

Pregnant women, despite having a higher prevalence of risk factors for preeclampsia, may 

have better baseline health status now compared to women two decades ago. Although 

hypertension prevalence in the general Norwegian population has increased with age, BMI, 

and genetic risk factors during the study period (436), both mean systolic and diastolic 

blood pressures have decreased among women in Norway in all age groups over the past 

several decades (437, 438). This trend has occurred despite a greater prevalence of 

overweight/obesity (429) and diabetes (420) in the population. The cause of this paradox is 

unknown, but may be due to dietary changes including reduced salt intake, or increased use 

of antihypertensive medications for non-hypertensive diseases (438). There may also be a 

number of overweight or obese women who are actually normotensive and metabolically 

healthy, with minimal inflammatory activity and preserved insulin sensitivity (439).

An association between health, wellbeing, and socioeconomic status in Norway has been 

reported (440). General improvement in health behavior with more focus on diet, physical 

activity and smoking cessation may also have had an overall positive effect on maternal 

health during the study period. Coinciding with the substantial decrease in smoking rates in 

Norway over the past 20 years, the use of snuff (oral smokeless tobacco) has dramatically 

increased and is now the most common form of tobacco product among 16-44 year olds 

(441, 442). The MBRN does not collect data on snuff use, and the association between snuff 

and preeclampsia is unclear, with studies observing no risk (443) or an increased risk (444)

of the disease. Changes in dietary, lifestyle and substance use resulting in fewer 

hypertensive complications in pregnancy may represent an unmeasurable confounder in 

Paper III.

Since the observed risk factors could not explain the decreased incidence of preeclampsia,

changes in clinical management were considered as possible explanations for decreased 

preeclampsia incidence. In recent years, expectant management of preterm preeclampsia in 

the absence of maternal or fetal indications for delivery (278), has become standard clinical 
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practice in Norway (9). +0 weeks of gestation is now the standard 

treatment of preeclampsia, in order to reduce the risk of severe complications such as 

HELLP and cerebral hemorrhage, and it is considered a safe alternative to cesarean delivery,

when possible (274, 351). Induction of labor for all pregnancies > 41+0 weeks of gestation

has also become standard care in the past decade (445-447), as it reduces the risk of adverse 

perinatal outcomes (448, 449), including late-onset preeclampsia. Norway has not 

implemented elective labor induction at 39 weeks in low-risk nulliparous women, despite 

some studies showing decreased risk of cesarean delivery (450), maternal morbidity and 

perinatal mortality (451) compared to expectant management. In Paper III, labor induction 

increased overall and specifically in women with preeclampsia or gestational hypertension. 

The MBRN does not record indications for labor induction, so the temporal increase in labor 

induction juxtaposed with a temporal decreased prevalence of preeclampsia is purely 

observational with no claims of causal inference. Nonetheless, increased labor induction 

regardless of indication could partially explain the reduction of preeclampsia in late 

gestation, but not in earlier gestations where induction of labor is rarely indicated.

Prenatal low-dose aspirin for preeclampsia prevention in high risk pregnancies, from 12+0

weeks of gestation until delivery (75 mg evening dose) or until 36+0 weeks of gestation

(150 mg evening dose), has been a part of standard antenatal care in Norway since 2014 (9, 

323). However, as far back as 1998, aspirin was mentioned in the Norwegian guidelines for 

preeclampsia prevention in parous women with a previous history of preeclampsia (324).

Aspirin 75 mg, which is only available by prescription, increased among women < 40 years 

old in Norway from 2004-2018, although data on aspirin prescriptions used specifically for 

preeclampsia prevention was not available. Low-dose aspirin is used for prevention of 

cardiovascular diseases in high-risk populations (452), but women taking aspirin for this 

indication are mainly not of reproductive age (453). Aspirin used for pain, fever and 

rheumatologic illnesses are usually prescribed at much higher doses. 

Although the specific reasons for increased aspirin use among younger women is unknown,

it is likely that the increased use of low-dose aspirin in reproductive age women was due 

increased rate of attempted preeclampsia prevention. Norwegian recommendations for 

aspirin prophylaxis have targeted mainly parous women with previous obstetric 

complications, and therefore cannot fully explain the 38% reduction of preeclampsia 

prevalence among the nulliparous women in Paper III. Nonetheless, the observed decreased 
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preeclampsia risk in Paper III coincided with increased aspirin use in women of 

reproductive age, regardless of indication. Although the specific pathophysiologic effects of 

aspirin in preventing especially early-onset preeclampsia remain unknown, a recent paper 

suggests that efficient aspirin prophylaxis delays the metabolic clock of gestation in high-

risk women (454).

Models of preeclampsia pathogenesis

This thesis investigated socioeconomic and biologic risk factors for hypertensive disorders 

of pregnancy, and how these exposures influenced the prevalence of preeclampsia over 

time. The findings of the thesis are consistent with the revised two-stage biologic model of 

preeclampsia pathogenesis (21, 23, 27-30), supporting a multifactorial pathway to early,

intermediate and late-onset disease. Chronic maternal diseases increased the risk of 

preeclampsia in all gestational age groups. The chronic baseline vascular inflammatory state 

promoting endothelial dysfunction in women with diabetes, chronic hypertension and 

overweight/obesity may lead to early malplacentation and placental malperfusion associated 

with early-onset preeclampsia. Alternatively, chronic maternal diseases may contribute to 

declining placental functional at later gestations due to chorionic villous crowding,

increased placental cellular senescence and placental oxidative stress in previously normal 

placental (27). More importantly, the findings in this thesis support the theory that chronic 

maternal diseases contribute to both pathophysiologic processes. Lastly, chronic maternal 

diseases may also contribute to synctiotrophoblast stress and the production of 

antiangiogenic factors such as sFlt-1 and sENG. These findings are particularly relevant in 

nulliparous women who have an elevated risk of preeclampsia as compared to parous 

women, likely due to immunological and anatomical factors related to uteroplacental artery 

remodeling and other placentation processes (27).

It is worth considering, however, why some women who have one or more risk factors 

develop preeclampsia, while others do not. Using the threshold liability model (192, 455),

all women are at risk of preeclampsia, but that due to underlying genetic polymorphisms or 

epigenetic reprogramming, some women are more susceptible to the additional “risk” of the 

socioeconomic and biologic exposures investigated in this thesis. These more genetically 

vulnerable women are thus pushed over a certain disease threshold and develop 

preeclampsia, whereas less genetically or biologically vulnerable women do not, despite 

having the same measurable risk factors. This model is supported by studies showing 
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increased risk of preeclampsia in families (90, 204, 205) and increased risk of recurrent 

preeclampsia in subsequent pregnancies (199, 200). This model could also partially explain 

why despite increasing prevalence of known risk factors in this thesis, there was a decrease 

in preeclampsia prevalence and risk over two decades, perhaps due to general improvements 

in baseline health. The threshold liability model can also explain why some high-risk 

women respond to aspirin prophylaxis, while others do not.

Lastly, the findings of this thesis should be considered using the competing risk model (27, 

29, 292, 307, 456-458), which assumes that all women will develop preeclampsia if their 

pregnancies had an infinite gestational length. The clinical syndrome of preeclampsia is 

dependent on whether a woman is delivered before or after her personal threshold for the 

disease. A woman’s individual threshold for disease, meaning the gestational age which 

preeclampsia develops, is lower in the presence of any number of “risks”, such as maternal 

socioeconomic and biologic exposures as well as other measurable biophysical and 

biochemical markers. Conversely, in a woman with no risk factors or protective risk factors 

for preeclampsia, the gestational age at which preeclampsia develops is so high, that she 

will complete her pregnancy well before she reaches her threshold. The findings in this 

thesis support the competing risk model. The overall increased use of labor induction in 

Norway may have reduced preeclampsia prevalence simply by delivering some women 

before they reached their predestined gestational age threshold for preeclampsia. In addition, 

improvements in baseline maternal health, despite an increased prevalence of preeclampsia 

risk factors, may have increased the gestational age threshold for preeclampsia. Lastly,

increased aspirin use among reproductive-aged women may have shifted the gestational age 

threshold for preeclampsia for some of these women beyond 41 weeks, the gestational age 

where all women are offered induction.

Generalizability of the results

The main findings of this thesis are generalizable to populations similar to Scandinavia and 

Northern Europe, with well-organized and accessible national health systems, increasing 

maternal age, and prevalence of chronic diseases typically seen in high-income countries.
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6 CONCLUSIONS 

This thesis was an epidemiological study using a population-based retrospective (historical) 

observational cohort to achieve the main research aims. The risk and prevalence of 

hypertensive disorders was explored using available data from the MBRN, SSB and NorPD. 

The risk of systematic bias was considered low. 

Foreign-born women, who comprised 20% of deliveries in Papers I and II and 30% of 

deliveries in Paper III, had predominantly the same or lower risk of hypertensive diseases in 

pregnancy compared to women born in Norway, regardless of parity. Poorly educated 

women, also regardless of parity, had no increased risk of hypertensive diseases in 

pregnancy compared to women with a secondary education. These findings may partly be 

due to the healthy immigrant effect, but can also be explained by a well-functioning national 

health system in Norway that offers free prenatal care to all women, regardless of national 

origin or socioeconomic status.

Nulliparous women with diabetes, chronic hypertension or obesity had increased risk of 

early (23+0 to 33+6 weeks of gestation), intermediate (34+0 to 36+6 weeks of gestation)

and late (37+0 to 43+6 weeks of gestation)-onset preeclampsia. Pre-pregnancy BMI did not 

significantly further modify the risk of preeclampsia in women with pre-gestational diabetes 

or chronic hypertension where BMI data was available. However, pre-pregnancy BMI 

partially modified the risk of late-onset preeclampsia in women with gestational diabetes. 

The above findings support the concept of multifactorial pathways to the heterogeneous 

group of hypertensive disorders of pregnancy.

Preeclampsia prevalence decreased by 37% whereas the prevalence of gestational 

hypertension increased by 6.7% over the two decades. Despite decreasing preeclampsia 

prevalence, the proportion of women with risk factors for preeclampsia increased. However, 

concurrent with decreasing preeclampsia prevalence, labor inductions and low-dose aspirin 

use among young women in the general population increased.

This thesis explored socioeconomic and biologic risk factors for hypertensive disorders of

pregnancy based on parity and gestational age group at delivery, and found that despite an 

increasing prevalence of high-risk women, the prevalence and risk of preeclampsia 

decreased over time. Possible explanations for these findings are a small shift to the lesser 
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severe phenotype of gestational hypertension, the increased use of labor induction, the 

increased use of low-dose aspirin among reproductive-aged women, and possibly improved 

general health in the Norwegian population. These findings support the revised two-stage

model of preeclampsia, as well as the threshold liability model and competing risk model. 

As with many observational studies, causal inferences cannot be made. Nonetheless, this 

thesis raises a number of questions for future research.



117

7 FURTHER STUDIES

This doctoral thesis has generated ideas for future research projects, such as:

Temporal trends in preeclampsia prevalence

Observational study using individual level data on pre-conceptual and prenatal aspirin 

use and indications for labor induction to investigate secular trends in preeclampsia 

prevalence and risk.

Fetal growth restriction and neonatal outcomes 

Observational study using neonatal birthweight and birth weight/placenta weight ratios 

(as a proxy for FGR) to investigate the association between maternal risk factors and

hypertensive disorders of pregnancy, with and without SGA.

Observational study using neonatal birthweight and birth weight/placenta weight ratios 

(as a proxy for FGR) to investigate the association between hypertensive disorders of 

pregnancy and adverse neonatal outcomes.

Obesity and gestational diabetes 

Observational study to investigate the association between gestational diabetes and 

hypertensive disorders of pregnancy using more liberal screening criteria and lower 

blood-glucose cutoff values than used in this thesis.

Clinical trial to investigate whether metformin, with or without aspirin, prevents 

preeclampsia among women with gestational diabetes, overweight/obesity or both.

Chronic hypertension

Clinical trial investigating whether pre-conceptual aspirin at various doses decreases the 

risk of preeclampsia in women with chronic hypertension

Preeclampsia screening and aspirin prophylaxis

Clinical trial comparing FMF’s proposed model (295) for screening, prediction and 

management of preeclampsia to current standard of care in Norway. Primary outcomes 

are preterm and term preeclampsia. Secondary outcomes are short and long-term 

composite adverse maternal and offspring outcomes.
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Cost-effectiveness analysis of four aspirin prophylaxis strategies before 16+0 weeks of 

gestation: no aspirin use, aspirin prophylaxis based on FMF combined 1st-trimester

screening, current NGF aspirin prophylaxis recommendations, or universal aspirin.

Cost-effectiveness analysis of 2nd and 3rd-trimester screening for preeclampsia (after 

20+0 weeks of gestation) including prevention of long-term cardiovascular and 

metabolic disease sequelae in the analysis.

Genetic polymorphisms and epigenetic reprogramming

Basic science studies to identify genetic polymorphisms and epigenetic associations 

with preeclampsia. Translational research is needed to investigate how genetic and 

epigenetic findings can be used in screening, prevention and treatment of preeclampsia.

 



119

8 ERRATUM



120



121

9 REFERENCE LIST

1. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et al. 
The hypertensive disorders of pregnancy: ISSHP classification, diagnosis & management 
recommendations for international practice. Pregnancy Hypertens. 2018;13:291-310.
2. von Dadelszen P, Payne B, Li J, Ansermino JM, Broughton Pipkin F, Cote AM, et 
al. Prediction of adverse maternal outcomes in pre-eclampsia: development and validation 
of the fullPIERS model. Lancet. 2011;377(9761):219-27.
3. Backes CH, Markham K, Moorehead P, Cordero L, Nankervis CA, Giannone PJ. 
Maternal preeclampsia and neonatal outcomes. J Pregnancy. 2011;2011:214365.
4. Basso O, Rasmussen S, Weinberg CR, Wilcox AJ, Irgens LM, Skjaerven R. Trends 
in fetal and infant survival following preeclampsia. JAMA. 2006;296(11):1357-62.
5. Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, et al. Global causes 
of maternal death: a WHO systematic analysis. Lancet Glob Health. 2014;2(6):e323-33.
6. Ghulmiyyah L, Sibai B. Maternal mortality from preeclampsia/eclampsia. Semin 
Perinatol. 2012;36(1):56-9.
7. Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, et al. 
Preeclampsia and Future Cardiovascular Health: A Systematic Review and Meta-Analysis. 
Circ Cardiovasc Qual Outcomes. 2017;10(2).
8. Bokslag A, van Weissenbruch M, Mol BW, de Groot CJ. Preeclampsia; short and 
long-term consequences for mother and neonate. Early Hum Dev. 2016;102:47-50.
9. Staff A, Kvie A, Langesæter E, Michelsen TM, Moe K, Strand KM, et al. 
Hypertensive svangerskapskomplikasjoner og eklampsi. Norsk gynekologisk forening 
Veileder i fødselshjelp (2020). ePub. ISBN 978-82-692382-0-4. [Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/veileder-i-fodselshjelp/hypertensive-svangerskapskomplikasjoner-og-
eklampsi/].
10. Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin, Number 222. 
Obstet Gynecol. 2020;135(6):e237-e60.
11. Sibai BM. Pitfalls in diagnosis and management of preeclampsia. Am J Obstet 
Gynecol. 1988;159(1):1-5.
12. Chesley LC. Diagnosis of preeclampsia. Obstet Gynecol. 1985;65(3):423-5.
13. ACOG Committee on Obstetric Practice. ACOG practice bulletin. Diagnosis and 
management of preeclampsia and eclampsia. Number 33, January 2002. American College 
of Obstetricians and Gynecologists. Int J Gynaecol Obstet. 2002;77(1):67-75.
14. Hypertension in pregnancy. Report of the American College of Obstetricians and 
Gynecologists' Task Force on Hypertension in Pregnancy. Obstet Gynecol. 
2013;122(5):1122-31.
15. Poon LC, Shennan A, Hyett JA, Kapur A, Hadar E, Divakar H, et al. The 
International Federation of Gynecology and Obstetrics (FIGO) initiative on pre-eclampsia: 
A pragmatic guide for first-trimester screening and prevention. Int J Gynaecol Obstet. 
2019;145 Suppl 1(Suppl 1):1-33.
16. Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, et al. The 
classification, diagnosis and management of the hypertensive disorders of pregnancy: A
revised statement from the ISSHP. Pregnancy Hypertens. 2014;4(2):97-104.
17. Omani-Samani R, Alizadeh A, Almasi-Hashiani A, Mohammadi M, Maroufizadeh 
S, Navid B, et al. Risk of preeclampsia following assisted reproductive technology: 



122

systematic review and meta-analysis of 72 cohort studies. J Matern Fetal Neonatal Med. 
2020;33(16):2826-40.
18. Wei YM, Yang HX, Zhu WW, Liu XY, Meng WY, Wang YQ, et al. Risk of adverse 
pregnancy outcomes stratified for pre-pregnancy body mass index. J Matern Fetal Neonatal 
Med. 2016;29(13):2205-9.
19. Jansen C, Kastelein AW, Kleinrouweler CE, Van Leeuwen E, De Jong KH, Pajkrt E, 
et al. Development of placental abnormalities in location and anatomy. Acta Obstet Gynecol 
Scand. 2020;99(8):983-93.
20. Ernst LM. Maternal vascular malperfusion of the placental bed. APMIS. 
2018;126(7):551-60.
21. Staff AC, Fjeldstad HE, Fosheim IK, Moe K, Turowski G, Johnsen GM, et al. 
Failure of physiological transformation and spiral artery atherosis: their roles in 
preeclampsia. Am J Obstet Gynecol. 2020.
22. Staud F, Karahoda R. Trophoblast: The central unit of fetal growth, protection and 
programming. Int J Biochem Cell Biol. 2018;105:35-40.
23. Staff AC, Benton SJ, von Dadelszen P, Roberts JM, Taylor RN, Powers RW, et al. 
Redefining preeclampsia using placenta-derived biomarkers. Hypertension. 2013;61(5):932-
42.
24. Redman CW, Sacks GP, Sargent IL. Preeclampsia: an excessive maternal 
inflammatory response to pregnancy. Am J Obstet Gynecol. 1999;180(2 Pt 1):499-506.
25. Rana S, Schnettler WT, Powe C, Wenger J, Salahuddin S, Cerdeira AS, et al. 
Clinical characterization and outcomes of preeclampsia with normal angiogenic profile. 
Hypertens Pregnancy. 2013;32(2):189-201.
26. Villa PM, Marttinen P, Gillberg J, Lokki AI, Majander K, Ordén MR, et al. Cluster 
analysis to estimate the risk of preeclampsia in the high-risk Prediction and Prevention of 
Preeclampsia and Intrauterine Growth Restriction (PREDO) study. PLoS One. 
2017;12(3):e0174399.
27. Staff AC. The two-stage placental model of preeclampsia: An update. J Reprod 
Immunol. 2019;134-135:1-10.
28. Redman CW, Sargent IL, Staff AC. IFPA Senior Award Lecture: making sense of 
pre-eclampsia - two placental causes of preeclampsia? Placenta. 2014;35 Suppl:S20-5.
29. Redman CW, Staff AC. Preeclampsia, biomarkers, syncytiotrophoblast stress, and 
placental capacity. Am J Obstet Gynecol. 2015;213(4 Suppl):S9 e1, S9-11.
30. Redman CWG, Staff AC, Roberts JM. Syncytiotrophoblast stress in preeclampsia: 
the convergence point for multiple pathways. Am J Obstet Gynecol. 2020.
31. Khong TY, Mooney EE, Ariel I, Balmus NC, Boyd TK, Brundler MA, et al. 
Sampling and Definitions of Placental Lesions: Amsterdam Placental Workshop Group 
Consensus Statement. Arch Pathol Lab Med. 2016;140(7):698-713.
32. Spradley FT. Metabolic abnormalities and obesity's impact on the risk for 
developing preeclampsia. Am J Physiol Regul Integr Comp Physiol. 2017;312(1):R5-R12.
33. Duckworth S, Griffin M, Seed PT, North R, Myers J, Mackillop L, et al. Diagnostic 
Biomarkers in Women With Suspected Preeclampsia in a Prospective Multicenter Study. 
Obstet Gynecol. 2016;128(2):245-52.
34. Leanos-Miranda A, Mendez-Aguilar F, Ramirez-Valenzuela KL, Serrano-Rodriguez 
M, Berumen-Lechuga G, Molina-Perez CJ, et al. Circulating angiogenic factors are related 
to the severity of gestational hypertension and preeclampsia, and their adverse outcomes. 
Medicine (Baltimore). 2017;96(4):e6005.
35. Malshe AK, Sibai BM. Angiogenic and Antiangiogenic Markers for Prediction and 
Risk Classification of Preeclampsia. Clin Obstet Gynecol. 2017;60(1):134-40.



123

36. Powe CE, Levine RJ, Karumanchi SA. Preeclampsia, a disease of the maternal 
endothelium: the role of antiangiogenic factors and implications for later cardiovascular 
disease. Circulation. 2011;123(24):2856-69.
37. Rana S, Karumanchi SA, Lindheimer MD. Angiogenic factors in diagnosis, 
management, and research in preeclampsia. Hypertension. 2014;63(2):198-202.
38. Schrey-Petersen S, Stepan H. Anti-angiogenesis and Preeclampsia in 2016. Curr 
Hypertens Rep. 2017;19(1):6.
39. Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, et al. Excess placental 
soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to endothelial dysfunction, 
hypertension, and proteinuria in preeclampsia. J Clin Invest. 2003;111(5):649-58.
40. Wikström AK, Larsson A, Eriksson UJ, Nash P, Nordén-Lindeberg S, Olovsson M. 
Placental growth factor and soluble FMS-like tyrosine kinase-1 in early-onset and late-onset 
preeclampsia. Obstet Gynecol. 2007;109(6):1368-74.
41. Redman CW. Current topic: pre-eclampsia and the placenta. Placenta. 
1991;12(4):301-8.
42. Pealing LM, Tucker KL, Mackillop LH, Crawford C, Wilson H, Nickless A, et al. A 
randomised controlled trial of blood pressure self-monitoring in the management of 
hypertensive pregnancy. OPTIMUM-BP: A feasibility trial. Pregnancy Hypertens. 
2019;18:141-9.
43. Kaminska J, Dymicka-Piekarska V, Tomaszewska J, Matowicka-Karna J, Koper-
Lenkiewicz OM. Diagnostic utility of protein to creatinine ratio (P/C ratio) in spot urine 
sample within routine clinical practice. Crit Rev Clin Lab Sci. 2020;57(5):345-64.
44. Papanna R, Mann LK, Kouides RW, Glantz JC. Protein/creatinine ratio in 
preeclampsia: a systematic review. Obstet Gynecol. 2008;112(1):135-44.
45. Sanchez-Ramos L, Gillen G, Zamora J, Stenyakina A, Kaunitz AM. The protein-to-
creatinine ratio for the prediction of significant proteinuria in patients at risk for 
preeclampsia: a meta-analysis. Ann Clin Lab Sci. 2013;43(2):211-20.
46. Nisell H, Trygg M, Bäck R. Urine albumin/creatinine ratio for the assessment of
albuminuria in pregnancy hypertension. Acta Obstet Gynecol Scand. 2006;85(11):1327-30.
47. Waugh J, Hooper R, Lamb E, Robson S, Shennan A, Milne F, et al. Spot protein-
creatinine ratio and spot albumin-creatinine ratio in the assessment of pre-eclampsia: a
diagnostic accuracy study with decision-analytic model-based economic evaluation and 
acceptability analysis. Health Technol Assess. 2017;21(61):1-90.
48. Huang Q, Gao Y, Yu Y, Wang W, Wang S, Zhong M. Urinary spot 
albumin:creatinine ratio for documenting proteinuria in women with preeclampsia. Rev 
Obstet Gynecol. 2012;5(1):9-15.
49. Tencer J, Thysell H, Grubb A. Analysis of proteinuria: reference limits for urine 
excretion of albumin, protein HC, immunoglobulin G, kappa- and lambda-
immunoreactivity, orosomucoid and alpha 1-antitrypsin. Scand J Clin Lab Invest. 
1996;56(8):691-700.
50. Morris RK, Riley RD, Doug M, Deeks JJ, Kilby MD. Diagnostic accuracy of spot 
urinary protein and albumin to creatinine ratios for detection of significant proteinuria or 
adverse pregnancy outcome in patients with suspected pre-eclampsia: systematic review and 
meta-analysis. BMJ. 2012;345:e4342.
51. Harman CR, Baschat AA. Comprehensive assessment of fetal wellbeing: which 
Doppler tests should be performed? Curr Opin Obstet Gynecol. 2003;15(2):147-57.
52. Gordijn SJ, Beune IM, Thilaganathan B, Papageorghiou A, Baschat AA, Baker PN, 
et al. Consensus definition of fetal growth restriction: a Delphi procedure. Ultrasound 
Obstet Gynecol. 2016;48(3):333-9.



124

53. Fetal Growth Restriction: ACOG Practice Bulletin, Number 227. Obstet Gynecol. 
2021;137(2):e16-e28.
54. Zur RL, Kingdom JC, Parks WT, Hobson SR. The Placental Basis of Fetal Growth 
Restriction. Obstet Gynecol Clin North Am. 2020;47(1):81-98.
55. Sharma D, Shastri S, Farahbakhsh N, Sharma P. Intrauterine growth restriction - part 
1. J Matern Fetal Neonatal Med. 2016;29(24):3977-87.
56. Chauhan SP, Magann EF. Screening for fetal growth restriction. Clin Obstet 
Gynecol. 2006;49(2):284-94.
57. Melamed N, Baschat A, Yinon Y, Athanasiadis A, Mecacci F, Figueras F, et al. 
FIGO (international Federation of Gynecology and obstetrics) initiative on fetal growth: 
best practice advice for screening, diagnosis, and management of fetal growth restriction. Int 
J Gynaecol Obstet. 2021;152 Suppl 1(Suppl 1):3-57.
58. Johnston RC, Stephenson ML, Paraghamian S, Fong A, Hom K, Cruz A, et al. 
Assessing progression from mild to severe preeclampsia in expectantly managed preterm 
parturients. Pregnancy Hypertens. 2016;6(4):340-3.
59. Staff AC, Redman CWG. The Differences Between Early- and Late-Onset Pre-
eclampsia. In: Saito S. (eds) Preeclampsia. Comprehensive Gynecology and Obstetrics. 
Singapore: Springer; 2018.
60. Ness RB, Roberts JM. Heterogeneous causes constituting the single syndrome of 
preeclampsia: a hypothesis and its implications. Am J Obstet Gynecol. 1996;175(5):1365-
70.
61. von Dadelszen P, Magee LA, Roberts JM. Subclassification of preeclampsia. 
Hypertens Pregnancy. 2003;22(2):143-8.
62. Tranquilli AL, Brown MA, Zeeman GG, Dekker G, Sibai BM. The definition of 
severe and early-onset preeclampsia. Statements from the International Society for the 
Study of Hypertension in Pregnancy (ISSHP). Pregnancy Hypertens. 2013;3(1):44-7.
63. Aloizos S, Seretis C, Liakos N, Aravosita P, Mystakelli C, Kanna E, et al. HELLP 
syndrome: understanding and management of a pregnancy-specific disease. J Obstet 
Gynaecol. 2013;33(4):331-7.
64. Dusse LM, Alpoim PN, Silva JT, Rios DR, Brandao AH, Cabral AC. Revisiting 
HELLP syndrome. Clin Chim Acta. 2015;451(Pt B):117-20.
65. Weinstein L. Syndrome of hemolysis, elevated liver enzymes, and low platelet 
count: a severe consequence of hypertension in pregnancy. Am J Obstet Gynecol. 
1982;142(2):159-67.
66. Haram K, Svendsen E, Abildgaard U. The HELLP syndrome: clinical issues and
management. A Review. BMC Pregnancy Childbirth. 2009;9:8.
67. Ertan AK, Wagner S, Hendrik HJ, Tanriverdi HA, Schmidt W. Clinical and 
biophysical aspects of HELLP-syndrome. J Perinat Med. 2002;30(6):483-9.
68. Haram K, Mortensen JH, Mastrolia SA, Erez O. Disseminated intravascular 
coagulation in the HELLP syndrome: how much do we really know? J Matern Fetal 
Neonatal Med. 2017;30(7):779-88.
69. Martin JN, Jr., Brewer JM, Wallace K, Sunesara I, Canizaro A, Blake PG, et al. 
Hellp syndrome and composite major maternal morbidity: importance of Mississippi 
classification system. J Matern Fetal Neonatal Med. 2013;26(12):1201-6.
70. WHO Guidelines Approved by the Guidelines Review Committee. WHO 
Recommendations for Prevention and Treatment of Pre-Eclampsia and Eclampsia. Geneva: 
World Health Organization; 2011.
71. Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, Garrod D, et al. Saving 
Mothers' Lives: Reviewing maternal deaths to make motherhood safer: 2006-2008. The 



125

Eighth Report of the Confidential Enquiries into Maternal Deaths in the United Kingdom. 
BJOG. 2011;118 Suppl 1:1-203.
72. Bateman BT, Bansil P, Hernandez-Diaz S, Mhyre JM, Callaghan WM, Kuklina EV. 
Prevalence, trends, and outcomes of chronic hypertension: a nationwide sample of delivery 
admissions. Am J Obstet Gynecol. 2012;206(2):134 e1-8.
73. Umesawa M, Kobashi G. Epidemiology of hypertensive disorders in pregnancy: 
prevalence, risk factors, predictors and prognosis. Hypertens Res. 2017;40(3):213-20.
74. Mol BWJ, Roberts CT, Thangaratinam S, Magee LA, de Groot CJM, Hofmeyr GJ. 
Pre-eclampsia. Lancet. 2016;387(10022):999-1011.
75. Abalos E, Cuesta C, Grosso AL, Chou D, Say L. Global and regional estimates of 
preeclampsia and eclampsia: a systematic review. Eur J Obstet Gynecol Reprod Biol. 
2013;170(1):1-7.
76. Bauserman M, Lokangaka A, Thorsten V, Tshefu A, Goudar SS, Esamai F, et al. 
Risk factors for maternal death and trends in maternal mortality in low- and middle-income 
countries: a prospective longitudinal cohort analysis. Reprod Health. 2015;12 Suppl 2:S5.
77. McClure EM, Garces A, Saleem S, Moore JL, Bose CL, Esamai F, et al. Global 
Network for Women's and Children's Health Research: probable causes of stillbirth in low-
and middle-income countries using a prospectively defined classification system. BJOG. 
2018;125(2):131-8.
78. Saleem S, McClure EM, Goudar SS, Patel A, Esamai F, Garces A, et al. A 
prospective study of maternal, fetal and neonatal deaths in low- and middle-income 
countries. Bull World Health Organ. 2014;92(8):605-12.
79. Wang M, Hu RY, Gong WW, Pan J, Fei FR, Wang H, et al. Trends in prevalence of 
gestational diabetes mellitus in Zhejiang Province, China, 2016-2018. Nutr Metab (Lond). 
2021;18(1):12.
80. Lisonkova S, Joseph KS. Incidence of preeclampsia: risk factors and outcomes 
associated with early- versus late-onset disease. Am J Obstet Gynecol. 2013;209(6):544 e1-
e12.
81. Nakanishi S, Aoki S, Nagashima A, Seki K. Incidence and pregnancy outcomes of 
superimposed preeclampsia with or without proteinuria among women with chronic 
hypertension. Pregnancy Hypertens. 2017;7:39-43.
82. Khader YS, Batieha A, Al-Njadat RA, Hijazi SS. Preeclampsia in Jordan: incidence, 
risk factors, and its associated maternal and neonatal outcomes. J Matern Fetal Neonatal 
Med. 2018;31(6):770-6.
83. Laine K, Murzakanova G, Sole KB, Pay AD, Heradstveit S, Räisänen S. Prevalence 
and risk of pre-eclampsia and gestational hypertension in twin pregnancies: a population-
based register study. BMJ Open. 2019;9(7):e029908.
84. Urquia ML, Glazier RH, Gagnon AJ, Mortensen LH, Nybo Andersen AM, Janevic 
T, et al. Disparities in pre-eclampsia and eclampsia among immigrant women giving birth in 
six industrialised countries. BJOG. 2014;121(12):1492-500.
85. Urquia ML, Glazier RH, Mortensen L, Nybo-Andersen AM, Small R, Davey MA, et 
al. Severe maternal morbidity associated with maternal birthplace in three high-immigration 
settings. Eur J Public Health. 2015;25(4):620-5.
86. Urquia ML, Ying I, Glazier RH, Berger H, De Souza LR, Ray JG. Serious 
preeclampsia among different immigrant groups. J Obstet Gynaecol Can. 2012;34(4):348-
52.
87. Caughey AB, Stotland NE, Washington AE, Escobar GJ. Maternal ethnicity, 
paternal ethnicity, and parental ethnic discordance: predictors of preeclampsia. Obstet 
Gynecol. 2005;106(1):156-61.



126

88. Gong J, Savitz DA, Stein CR, Engel SM. Maternal ethnicity and pre-eclampsia in 
New York City, 1995-2003. Paediatr Perinat Epidemiol. 2012;26(1):45-52.
89. Knuist M, Bonsel GJ, Zondervan HA, Treffers PE. Risk factors for preeclampsia in 
nulliparous women in distinct ethnic groups: a prospective cohort study. Obstet Gynecol. 
1998;92(2):174-8.
90. Poon LC, Kametas NA, Chelemen T, Leal A, Nicolaides KH. Maternal risk factors 
for hypertensive disorders in pregnancy: a multivariate approach. J Hum Hypertens. 
2010;24(2):104-10.
91. Ray JG, Wanigaratne S, Park AL, Bartsch E, Dzakpasu S, Urquia ML. Preterm 
preeclampsia in relation to country of birth. J Perinatol. 2016;36(9):718-22.
92. Salim R, Mfra A, Garmi G, Shalev E. Comparison of intrapartum outcome among 
immigrant women from Ethiopia and the general obstetric population in Israel. Int J 
Gynaecol Obstet. 2012;118(2):161-5.
93. Mogos MF, Salinas-Miranda AA, Salemi JL, Medina IM, Salihu HM. Pregnancy-
Related Hypertensive Disorders and Immigrant Status: A Systematic Review and Meta-
analysis of Epidemiological Studies. J Immigr Minor Health. 2017;19(6):1488-97.
94. Wang W, Xie X, Yuan T, Wang Y, Zhao F, Zhou Z, et al. Epidemiological trends of 
maternal hypertensive disorders of pregnancy at the global, regional, and national levels: a 
population-based study. BMC Pregnancy Childbirth. 2021;21(1):364.
95. Wallis AB, Saftlas AF, Hsia J, Atrash HK. Secular trends in the rates of 
preeclampsia, eclampsia, and gestational hypertension, United States, 1987-2004. Am J 
Hypertens. 2008;21(5):521-6.
96. Roberts CL, Ford JB, Algert CS, Antonsen S, Chalmers J, Cnattingius S, et al. 
Population-based trends in pregnancy hypertension and pre-eclampsia: an international 
comparative study. BMJ Open. 2011;1(1):e000101.
97. Klungsøyr K, Morken NH, Irgens L, Vollset SE, Skjærven R. Secular trends in the 
epidemiology of pre-eclampsia throughout 40 years in Norway: prevalence, risk factors and 
perinatal survival. Paediatr Perinat Epidemiol. 2012;26(3):190-8.
98. Auger N, Luo ZC, Nuyt AM, Kaufman JS, Naimi AI, Platt RW, et al. Secular Trends 
in Preeclampsia Incidence and Outcomes in a Large Canada Database: A Longitudinal 
Study Over 24 Years. Can J Cardiol. 2016;32(8):987 e15-23.
99. Thornton C, Dahlen H, Korda A, Hennessy A. The incidence of preeclampsia and 
eclampsia and associated maternal mortality in Australia from population-linked datasets: 
2000-2008. Am J Obstet Gynecol. 2013;208(6):476 e1-5.
100. Zhang N, Tan J, Yang H, Khalil RA. Comparative risks and predictors of 
preeclamptic pregnancy in the Eastern, Western and developing world. Biochem Pharmacol. 
2020;182:114247.
101. Vogel JP, Chawanpaiboon S, Moller AB, Watananirun K, Bonet M, Lumbiganon P. 
The global epidemiology of preterm birth. Best Pract Res Clin Obstet Gynaecol. 2018;52:3-
12.
102. Ferrero DM, Larson J, Jacobsson B, Di Renzo GC, Norman JE, Martin JN, Jr., et al. 
Cross-Country Individual Participant Analysis of 4.1 Million Singleton Births in 5 
Countries with Very High Human Development Index Confirms Known Associations but 
Provides No Biologic Explanation for 2/3 of All Preterm Births. PLoS One. 
2016;11(9):e0162506.
103. Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal R, et al. 
National, regional, and worldwide estimates of preterm birth rates in the year 2010 with 
time trends since 1990 for selected countries: a systematic analysis and implications. 
Lancet. 2012;379(9832):2162-72.



127

104. Garces AL, McClure EM, Perez W, Hambidge KM, Krebs NF, Figueroa L, et al. 
The Global Network Neonatal Cause of Death algorithm for low-resource settings. Acta 
Paediatr. 2017;106(6):904-11.
105. Althabe F, Moore JL, Gibbons L, Berrueta M, Goudar SS, Chomba E, et al. Adverse 
maternal and perinatal outcomes in adolescent pregnancies: The Global Network's Maternal 
Newborn Health Registry study. Reprod Health. 2015;12 Suppl 2:S8.
106. Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, Shackelford KA, Steiner C, 
Heuton KR, et al. Global, regional, and national levels and causes of maternal mortality 
during 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. 
Lancet. 2014;384(9947):980-1004.
107. Yang Y, Le Ray I, Zhu J, Zhang J, Hua J, Reilly M. Preeclampsia Prevalence, Risk 
Factors, and Pregnancy Outcomes in Sweden and China. JAMA Netw Open. 
2021;4(5):e218401.
108. Siddiqui A, Deneux-Tharaux C, Luton D, Schmitz T, Mandelbrot L, Estellat C, et al. 
Maternal obesity and severe pre-eclampsia among immigrant women: a mediation analysis. 
Sci Rep. 2020;10(1):5215.
109. Al-Rubaie ZTA, Malcolm Hudson H, Jenkins G, Mahmoud I, Ray JG, Askie LM, et 
al. The association between ethnicity and pre-eclampsia in Australia: A multicentre 
retrospective cohort study. Aust N Z J Obstet Gynaecol. 2020;60(3):396-404.
110. Boakye E, Sharma G, Ogunwole SM, Zakaria S, Vaught AJ, Kwapong YA, et al. 
Relationship of Preeclampsia With Maternal Place of Birth and Duration of Residence 
Among Non-Hispanic Black Women in the United States. Circ Cardiovasc Qual Outcomes. 
2021;14(2):e007546.
111. Naimy Z, Grytten J, Monkerud L, Eskild A. The prevalence of pre-eclampsia in 
migrant relative to native Norwegian women: a population-based study. BJOG. 
2015;122(6):859-65.
112. Nilsen RM, Vik ES, Rasmussen SA, Small R, Moster D, Schytt E, et al. 
Preeclampsia by maternal reasons for immigration: a population-based study. BMC 
Pregnancy Childbirth. 2018;18(1):423.
113. Vangen S, Stoltenberg C, Holan S, Moe N, Magnus P, Harris JR, et al. Outcome of 
pregnancy among immigrant women with diabetes. Diabetes Care. 2003;26(2):327-32.
114. Waage CW, Mdala I, Jenum AK, Michelsen TM, Birkeland KI, Sletner L. Ethnic 
differences in blood pressure from early pregnancy to postpartum: a Norwegian cohort 
study. J Hypertens. 2016;34(6):1151-9.
115. Silva LM, Coolman M, Steegers EA, Jaddoe VW, Moll HA, Hofman A, et al. Low 
socioeconomic status is a risk factor for preeclampsia: the Generation R Study. J Hypertens. 
2008;26(6):1200-8.
116. Lindquist A, Knight M, Kurinczuk JJ. Variation in severe maternal morbidity 
according to socioeconomic position: a UK national case-control study. BMJ Open. 
2013;3(6).
117. Lindquist A, Noor N, Sullivan E, Knight M. The impact of socioeconomic position 
on severe maternal morbidity outcomes among women in Australia: a national case-control 
study. BJOG. 2015;122(12):1601-9.
118. Choe SA, Min HS, Cho SI. The income-based disparities in preeclampsia and 
postpartum hemorrhage: a study of the Korean National Health Insurance cohort data from 
2002 to 2013. Springerplus. 2016;5(1):895.
119. Haghighat N, Hu M, Laurent O, Chung J, Nguyen P, Wu J. Comparison of birth 
certificates and hospital-based birth data on pregnancy complications in Los Angeles and 
Orange County, California. BMC Pregnancy Childbirth. 2016;16:93.



128

120. Bartsch E, Medcalf KE, Park AL, Ray JG. High Risk of Pre-eclampsia Identification 
Group. Clinical risk factors for pre-eclampsia determined in early pregnancy: systematic 
review and meta-analysis of large cohort studies. BMJ. 2016;353:i1753.
121. The European Perinatal Health Report 2015  [Available from: 
https://www.europeristat.com/index.php/reports/european-perinatal-health-report-
2015.html].
122. Sheen JJ, Huang Y, Andrikopoulou M, Wright JD, Goffman D, D'Alton ME, et al. 
Maternal Age and Preeclampsia Outcomes during Delivery Hospitalizations. Am J 
Perinatol. 2020;37(1):44-52.
123. Desplanches T, Bouit C, Cottenet J, Szczepanski E, Quantin C, Fauque P, et al. 
Combined effects of increasing maternal age and nulliparity on hypertensive disorders of 
pregnancy and small for gestational age. Pregnancy Hypertens. 2019;18:112-6.
124. Lamminpää R, Vehviläinen-Julkunen K, Gissler M, Heinonen S. Preeclampsia 
complicated by advanced maternal age: a registry-based study on primiparous women in 
Finland 1997-2008. BMC Pregnancy Childbirth. 2012;12:47.
125. Yogev Y, Melamed N, Bardin R, Tenenbaum-Gavish K, Ben-Shitrit G, Ben-Haroush 
A. Pregnancy outcome at extremely advanced maternal age. Am J Obstet Gynecol. 
2010;203(6):558 e1-7.
126. Poston L, Caleyachetty R, Cnattingius S, Corvalán C, Uauy R, Herring S, et al. 
Preconceptional and maternal obesity: epidemiology and health consequences. Lancet 
Diabetes Endocrinol. 2016;4(12):1025-36.
127. Weiss JL, Malone FD, Emig D, Ball RH, Nyberg DA, Comstock CH, et al. Obesity, 
obstetric complications and cesarean delivery rate--a population-based screening study. Am 
J Obstet Gynecol. 2004;190(4):1091-7.
128. Bicocca MJ, Mendez-Figueroa H, Chauhan SP, Sibai BM. Maternal Obesity and the 
Risk of Early-Onset and Late-Onset Hypertensive Disorders of Pregnancy. Obstet Gynecol. 
2020;136(1):118-27.
129. Robillard PY, Dekker G, Scioscia M, Bonsante F, Iacobelli S, Boukerrou M, et al. 
Increased BMI has a linear association with late-onset preeclampsia: A population-based 
study. PLoS One. 2019;14(10):e0223888.
130. Sohlberg S, Stephansson O, Cnattingius S, Wikström AK. Maternal body mass 
index, height, and risks of preeclampsia. Am J Hypertens. 2012;25(1):120-5.
131. Rahman MM, Abe SK, Kanda M, Narita S, Rahman MS, Bilano V, et al. Maternal 
body mass index and risk of birth and maternal health outcomes in low- and middle-income 
countries: a systematic review and meta-analysis. Obes Rev. 2015;16(9):758-70.
132. Shao Y, Qiu J, Huang H, Mao B, Dai W, He X, et al. Pre-pregnancy BMI, 
gestational weight gain and risk of preeclampsia: a birth cohort study in Lanzhou, China. 
BMC Pregnancy Childbirth. 2017;17(1):400.
133. Andraweera PH, Dekker G, Leemaqz S, McCowan L, Myers J, Kenny L, et al. 
Effect of Birth Weight and Early Pregnancy BMI on Risk for Pregnancy Complications. 
Obesity (Silver Spring). 2019;27(2):237-44.
134. Liu L, Hong Z, Zhang L. Associations of prepregnancy body mass index and 
gestational weight gain with pregnancy outcomes in nulliparous women delivering single 
live babies. Sci Rep. 2015;5:12863.
135. Blackwell SC, Landon MB, Mele L, Reddy UM, Casey BM, Wapner RJ, et al. 
Relationship Between Excessive Gestational Weight Gain and Neonatal Adiposity in 
Women With Mild Gestational Diabetes Mellitus. Obstet Gynecol. 2016;128(6):1325-32.
136. Hutcheon JA, Stephansson O, Cnattingius S, Bodnar LM, Wikström AK, Johansson 
K. Pregnancy Weight Gain Before Diagnosis and Risk of Preeclampsia: A Population-
Based Cohort Study in Nulliparous Women. Hypertension. 2018;72(2):433-41.



129

137. LifeCycle Project-Maternal Obesity and Childhood Outcomes Study Group, 
Voerman E, Santos S, et al. Association of Gestational Weight Gain With Adverse Maternal 
and Infant Outcomes. JAMA. 2019;321(17):1702-15.
138. Robillard PY, Dekker G, Boukerrou M, Boumahni B, Hulsey T, Scioscia M. 
Gestational weight gain and rate of late-onset preeclampsia: a retrospective analysis on 57 
000 singleton pregnancies in Reunion Island. BMJ Open. 2020;10(7):e036549.
139. Eidem I, Vangen S, Hanssen KF, Vollset SE, Henriksen T, Joner G, et al. Perinatal 
and infant mortality in term and preterm births among women with type 1 diabetes. 
Diabetologia. 2011;54(11):2771-8.
140. Gutaj P, Zawiejska A, Mantaj U, Wender-Ozegowska E. Determinants of 
preeclampsia in women with type 1 diabetes. Acta Diabetol. 2017;54(12):1115-21.
141. Sato T, Sugiyama T, Kurakata M, Saito M, Sugawara J, Yaegashi N, et al. 
Pregnancy outcomes in women with type 1 and type 2 diabetes mellitus in a retrospective 
multi-institutional study in Japan. Endocr J. 2014;61(8):759-64.
142. Lin SF, Kuo CF, Chiou MJ, Chang SH. Maternal and fetal outcomes of pregnant 
women with type 1 diabetes, a national population study. Oncotarget. 2017;8(46):80679-87.
143. Persson M, Cnattingius S, Wikström AK, Johansson S. Maternal overweight and
obesity and risk of pre-eclampsia in women with type 1 diabetes or type 2 diabetes. 
Diabetologia. 2016;59(10):2099-105.
144. Berger H, Melamed N, Davis BM, Hasan H, Mawjee K, Barrett J, et al. Impact of 
diabetes, obesity and hypertension on preterm birth: Population-based study. PLoS One. 
2020;15(3):e0228743.
145. Abell SK, Boyle JA, de Courten B, Soldatos G, Wallace EM, Zoungas S, et al. 
Impact of type 2 diabetes, obesity and glycaemic control on pregnancy outcomes. Aust N Z 
J Obstet Gynaecol. 2017;57(3):308-14.
146. Dos Santos da Silva LLG, Saunders C, Campos ABF, Belfort GP, de Carvalho 
Padilha P, Pereira RA, et al. Hypertensive disorders of pregnancy in women with gestational 
diabetes mellitus from Rio de Janeiro, Brazil. Pregnancy Hypertens. 2017;10:196-201.
147. Ros HS, Cnattingius S, Lipworth L. Comparison of risk factors for preeclampsia and 
gestational hypertension in a population-based cohort study. Am J Epidemiol. 
1998;147(11):1062-70.
148. Bryson CL, Ioannou GN, Rulyak SJ, Critchlow C. Association between gestational 
diabetes and pregnancy-induced hypertension. Am J Epidemiol. 2003;158(12):1148-53.
149. Bramham K, Parnell B, Nelson-Piercy C, Seed PT, Poston L, Chappell LC. Chronic 
hypertension and pregnancy outcomes: systematic review and meta-analysis. BMJ. 
2014;348:g2301.
150. Broekhuijsen K, Ravelli AC, Langenveld J, van Pampus MG, van den Berg PP, Mol 
BW, et al. Maternal and neonatal outcomes of pregnancy in women with chronic 
hypertension: a retrospective analysis of a national register. Acta Obstet Gynecol Scand. 
2015;94(12):1337-45.
151. Panaitescu AM, Syngelaki A, Prodan N, Akolekar R, Nicolaides KH. Chronic 
hypertension and adverse pregnancy outcome: a cohort study. Ultrasound Obstet Gynecol. 
2017;50(2):228-35.
152. Harper LM, Biggio JR, Anderson S, Tita ATN. Gestational Age of Delivery in 
Pregnancies Complicated by Chronic Hypertension. Obstet Gynecol. 2016;127(6):1101-9.
153. Nzelu D, Dumitrascu-Biris D, Kay P, Nicolaides KH, Kametas NA. Severe 
hypertension, preeclampsia and small for gestational age in women with chronic 
hypertension diagnosed before and during pregnancy. Pregnancy Hypertens. 2018;14:200-4.



130

154. Rezk M, Ellakwa H, Gamal A, Emara M. Maternal and fetal morbidity following 
discontinuation of antihypertensive drugs in mild to moderate chronic hypertension: A 4-
year observational study. Pregnancy Hypertens. 2016;6(4):291-4.
155. Hall M. Pregnancy in Women With CKD: A Success Story. Am J Kidney Dis. 
2016;68(4):633-9.
156. Cabiddu G, Castellino S, Gernone G, Santoro D, Moroni G, Giannattasio M, et al. A 
best practice position statement on pregnancy in chronic kidney disease: the Italian Study 
Group on Kidney and Pregnancy. J Nephrol. 2016;29(3):277-303.
157. Bharti J, Vatsa R, Singhal S, Roy KK, Kumar S, Perumal V, et al. Pregnancy with 
chronic kidney disease: maternal and fetal outcome. Eur J Obstet Gynecol Reprod Biol. 
2016;204:83-7.
158. Liu Y, Ma X, Zheng J, Liu X, Yan T. A Systematic Review and Meta-Analysis of 
Kidney and Pregnancy Outcomes in IgA Nephropathy. Am J Nephrol. 2016;44(3):187-93.
159. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al. 
International consensus statement on an update of the classification criteria for definite 
antiphospholipid syndrome (APS). J Thromb Haemost. 2006;4(2):295-306.
160. Antovic A, Sennström M, Bremme K, Svenungsson E. Obstetric antiphospholipid 
syndrome. Lupus Sci Med. 2018;5(1):e000197.
161. Ruiz-Irastorza G, Crowther M, Branch W, Khamashta MA. Antiphospholipid 
syndrome. Lancet. 2010;376(9751):1498-509.
162. Belmar Vega L, Fernández Fresnedo G, Irure Ventura J, Orallo Toural V, Vicario 
MH, San Millan JCR, et al. Non-Criteria Antiphospholipid Antibodies: Risk Factors for 
Endothelial Dysfunction in Women with Pre-Eclampsia. Life (Basel). 2020;10(10).
163. Bertolaccini ML, Khamashta MA. Diagnosis of antiphospholipid syndrome. Expert 
Rev Hematol. 2008;1(2):183-8.
164. Duarte-Garcia A, Pham MM, Crowson CS, Amin S, Moder KG, Pruthi RK, et al. 
The Epidemiology of Antiphospholipid Syndrome: A Population-Based Study. Arthritis 
Rheumatol. 2019;71(9):1545-52.
165. Branch DW, Scott JR, Kochenour NK, Hershgold E. Obstetric complications 
associated with the lupus anticoagulant. N Engl J Med. 1985;313(21):1322-6.
166. Branch DW, Andres R, Digre KB, Rote NS, Scott JR. The association of
antiphospholipid antibodies with severe preeclampsia. Obstet Gynecol. 1989;73(4):541-5.
167. do Prado AD, Piovesan DM, Staub HL, Horta BL. Association of anticardiolipin 
antibodies with preeclampsia: a systematic review and meta-analysis. Obstet Gynecol.
2010;116(6):1433-43.
168. Saccone G, Berghella V, Maruotti GM, Ghi T, Rizzo G, Simonazzi G, et al. 
Antiphospholipid antibody profile based obstetric outcomes of primary antiphospholipid 
syndrome: the PREGNANTS study. Am J Obstet Gynecol. 2017;216(5):525 e1- e12.
169. Gibbins KJ, Tebo AE, Nielsen SK, Branch DW. Antiphospholipid antibodies in 
women with severe preeclampsia and placental insufficiency: a case-control study. Lupus. 
2018;27(12):1903-10.
170. Petri M. Pregnancy and Systemic Lupus Erythematosus. Best Pract Res Clin Obstet 
Gynaecol. 2020;64:24-30.
171. Qazi U, Lam C, Karumanchi SA, Petri M. Soluble Fms-like tyrosine kinase 
associated with preeclampsia in pregnancy in systemic lupus erythematosus. J Rheumatol. 
2008;35(4):631-4.
172. Dong Y, Yuan F, Dai Z, Wang Z, Zhu Y, Wang B. Preeclampsia in systemic lupus 
erythematosus pregnancy: a systematic review and meta-analysis. Clin Rheumatol. 
2020;39(2):319-25.



131

173. Simard JF, Arkema EV, Nguyen C, Svenungsson E, Wikström AK, Palmsten K, et 
al. Early-onset Preeclampsia in Lupus Pregnancy. Paediatr Perinat Epidemiol. 
2017;31(1):29-36.
174. Wei J, Liu CX, Gong TT, Wu QJ, Wu L. Cigarette smoking during pregnancy and 
preeclampsia risk: a systematic review and meta-analysis of prospective studies. Oncotarget. 
2015;6(41):43667-78.
175. Ødegard RA, Vatten LJ, Nilsen ST, Salvesen KA, Austgulen R. Risk factors and 
clinical manifestations of pre-eclampsia. BJOG. 2000;107(11):1410-6.
176. Kharkova OA, Grjibovski AM, Krettek A, Nieboer E, Odland JØ. First-trimester 
smoking cessation in pregnancy did not increase the risk of preeclampsia/eclampsia: A 
Murmansk County Birth Registry study. PLoS One. 2017;12(8):e0179354.
177. Perni UC, Wikström AK, Cnattingius S, Villamor E. Interpregnancy change in 
smoking habits and risk of preeclampsia: a population-based study. Am J Hypertens. 
2012;25(3):372-8.
178. Almasi-Hashiani A, Omani-Samani R, Mohammadi M, Amini P, Navid B, Alizadeh 
A, et al. Assisted reproductive technology and the risk of preeclampsia: an updated 
systematic review and meta-analysis. BMC Pregnancy Childbirth. 2019;19(1):149.
179. Vannuccini S, Clifton VL, Fraser IS, Taylor HS, Critchley H, Giudice LC, et al. 
Infertility and reproductive disorders: impact of hormonal and inflammatory mechanisms on 
pregnancy outcome. Hum Reprod Update. 2016;22(1):104-15.
180. Pérez-López FR, Calvo-Latorre J, Alonso-Ventura V, Bueno-Notivol J, Martinez-
Dominguez SJ, Chedraui P, et al. Systematic review and meta-analysis regarding the 
association of endometriosis and preeclampsia in women conceiving spontaneously or 
through assisted reproductive technology. Pregnancy Hypertens. 2018;14:213-21.
181. Roos N, Kieler H, Sahlin L, Ekman-Ordeberg G, Falconer H, Stephansson O. Risk 
of adverse pregnancy outcomes in women with polycystic ovary syndrome: population 
based cohort study. BMJ. 2011;343:d6309.
182. Amouyal M, Boucekine M, Paulmyer-Lacroix O, Agostini A, Bretelle F, Courbiere 
B. No specific adverse pregnancy outcome in singleton pregnancies after assisted 
reproductive technology (ART) for unexplained infertility. J Gynecol Obstet Hum Reprod. 
2020;49(1):101623.
183. Martin AS, Monsour M, Kawwass JF, Boulet SL, Kissin DM, Jamieson DJ. Risk of 
Preeclampsia in Pregnancies After Assisted Reproductive Technology and Ovarian 
Stimulation. Matern Child Health J. 2016;20(10):2050-6.
184. Martin AS, Monsour M, Kissin DM, Jamieson DJ, Callaghan WM, Boulet SL. 
Trends in Severe Maternal Morbidity After Assisted Reproductive Technology in the United 
States, 2008-2012. Obstet Gynecol. 2016;127(1):59-66.
185. Petersen SH, Bergh C, Gissler M, Åsvold BO, Romundstad LB, Tiitinen A, et al. 
Time trends in placenta-mediated pregnancy complications after assisted reproductive 
technology in the Nordic countries. Am J Obstet Gynecol. 2020;223(2):226 e1- e19.
186. Wennberg AL, Opdahl S, Bergh C, Aaris Henningsen AK, Gissler M, Romundstad 
LB, et al. Effect of maternal age on maternal and neonatal outcomes after assisted 
reproductive technology. Fertil Steril. 2016;106(5):1142-9 e14.
187. Trogstad L, Magnus P, Moffett A, Stoltenberg C. The effect of recurrent miscarriage 
and infertility on the risk of pre-eclampsia. BJOG. 2009;116(1):108-13.
188. Tandberg A, Klungsøyr K, Romundstad LB, Skjærven R. Pre-eclampsia and assisted 
reproductive technologies: consequences of advanced maternal age, interbirth intervals, new 
partner and smoking habits. BJOG. 2015;122(7):915-22.
189. Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. Lancet. 
2021;398(10297):341-54.



132

190. Sibai BM, Hauth J, Caritis S, Lindheimer MD, MacPherson C, Klebanoff M, et al. 
Hypertensive disorders in twin versus singleton gestations. National Institute of Child 
Health and Human Development Network of Maternal-Fetal Medicine Units. Am J Obstet 
Gynecol. 2000;182(4):938-42.
191. Qiao P, Zhao Y, Jiang X, Xu C, Yang Y, Bao Y, et al. Impact of growth discordance 
in twins on preeclampsia based on chorionicity. Am J Obstet Gynecol. 2020;223(4):572 e1-
e8.
192. Trogstad L, Skrondal A, Stoltenberg C, Magnus P, Nesheim BI, Eskild A. 
Recurrence risk of preeclampsia in twin and singleton pregnancies. Am J Med Genet A. 
2004;126A(1):41-5.
193. Bergman L, Nordlöf-Callbo P, Wikström AK, Snowden JM, Hesselman S, Edstedt 
Bonamy AK, et al. Multi-Fetal Pregnancy, Preeclampsia, and Long-Term Cardiovascular 
Disease. Hypertension. 2020;76(1):167-75.
194. Cormick G, Betran AP, Ciapponi A, Hall DR, Hofmeyr GJ. Inter-pregnancy interval 
and risk of recurrent pre-eclampsia: systematic review and meta-analysis. Reprod Health. 
2016;13(1):83.
195. Hercus A, Dekker G, Leemaqz S. Primipaternity and birth interval; independent risk 
factors for preeclampsia. J Matern Fetal Neonatal Med. 2020;33(2):303-6.
196. Skjærven R, Wilcox AJ, Lie RT. The interval between pregnancies and the risk of 
preeclampsia. N Engl J Med. 2002;346(1):33-8.
197. Howe L, Hammer E, Badger G, Bernstein IM. Effect of Pregnancy Interval on 
Second Pregnancy Blood Pressure Following Prior Preeclampsia. Reprod Sci. 
2018;25(5):727-32.
198. Cnattingius S, Wikström AK, Stephansson O, Johansson K. The Impact of Small for 
Gestational Age Births in Early and Late Preeclamptic Pregnancies for Preeclampsia 
Recurrence: a Cohort Study of Successive Pregnancies in Sweden. Paediatr Perinat 
Epidemiol. 2016;30(6):563-70.
199. Ebbing C, Rasmussen S, Skjærven R, Irgens LM. Risk factors for recurrence of 
hypertensive disorders of pregnancy, a population-based cohort study. Acta Obstet Gynecol 
Scand. 2017;96(2):243-50.
200. Kvalvik LG, Wilcox AJ, Skjærven R, Østbye T, Harmon QE. Term complications 
and subsequent risk of preterm birth: registry based study. BMJ. 2020;369:m1007.
201. Lykke JA, Paidas MJ, Langhoff-Roos J. Recurring complications in second 
pregnancy. Obstet Gynecol. 2009;113(6):1217-24.
202. Rasmussen S, Ebbing C, Irgens LM. Predicting preeclampsia from a history of 
preterm birth. PLoS One. 2017;12(7):e0181016.
203. Parker SE, Gissler M, Ananth CV, Werler MM. Induced Abortions and the Risk of 
Preeclampsia Among Nulliparous Women. Am J Epidemiol. 2015;182(8):663-9.
204. Carr DB, Epplein M, Johnson CO, Easterling TR, Critchlow CW. A sister's risk: 
family history as a predictor of preeclampsia. Am J Obstet Gynecol. 2005;193(3 Pt 2):965-
72.
205. Sherf Y, Sheiner E, Shoham Vardi I, Sergienko R, Klein J, Bilenko N. Like mother 
like daughter: low birth weight and preeclampsia tend to reoccur at the next generation. J
Matern Fetal Neonatal Med. 2019;32(9):1478-84.
206. Gonzalez-Comadran M, Urresta Avila J, Saavedra Tascon A, Jimenez R, Sola I, 
Brassesco M, et al. The impact of donor insemination on the risk of preeclampsia: a 
systematic review and meta-analysis. Eur J Obstet Gynecol Reprod Biol. 2014;182:160-6.
207. Di Mascio D, Saccone G, Bellussi F, Vitagliano A, Berghella V. Type of paternal 
sperm exposure before pregnancy and the risk of preeclampsia: A systematic review. Eur J 
Obstet Gynecol Reprod Biol. 2020;251:246-53.



133

208. Trogstad LI, Eskild A, Magnus P, Samuelsen SO, Nesheim BI. Changing paternity 
and time since last pregnancy; the impact on pre-eclampsia risk. A study of 547 238 women 
with and without previous pre-eclampsia. Int J Epidemiol. 2001;30(6):1317-22.
209. Badria LF, Amarin ZO. Does consanguinity affect the severity of pre-eclampsia? 
Arch Gynecol Obstet. 2003;268(2):117-20.
210. Wikström S, Lindh CH, Shu H, Bornehag CG. Early pregnancy serum levels of 
perfluoroalkyl substances and risk of preeclampsia in Swedish women. Sci Rep. 
2019;9(1):9179.
211. Pedersen M, Stayner L, Slama R, Sørensen M, Figueras F, Nieuwenhuijsen MJ, et al. 
Ambient air pollution and pregnancy-induced hypertensive disorders: a systematic review 
and meta-analysis. Hypertension. 2014;64(3):494-500.
212. Assibey-Mensah V, Glantz JC, Hopke PK, Jusko TA, Thevenet-Morrison K, 
Chalupa D, et al. Wintertime Wood Smoke, Traffic Particle Pollution, and Preeclampsia. 
Hypertension. 2020;75(3):851-8.
213. Weinberg CR, Shi M, Basso O, DeRoo LA, Harmon Q, Wilcox AJ, et al. Season of 
Conception, Smoking, and Preeclampsia in Norway. Environ Health Perspect. 
2017;125(6):067022.
214. László KD, Liu XQ, Svensson T, Wikström A-K, Li J, Olsen J, et al. Psychosocial 
Stress Related to the Loss of a Close Relative the Year Before or During Pregnancy and 
Risk of Preeclampsia. Hypertension. 2013;62(1):183-9.
215. Axfors C, Eckerdal P, Volgsten H, Wikström AK, Ekselius L, Ramklint M, et al. 
Investigating the association between neuroticism and adverse obstetric and neonatal 
outcomes. Sci Rep. 2019;9(1):15470.
216. Di Mascio D, Khalil A, Saccone G, Rizzo G, Buca D, Liberati M, et al. Outcome of 
coronavirus spectrum infections (SARS, MERS, COVID-19) during pregnancy: a 
systematic review and meta-analysis. Am J Obstet Gynecol MFM. 2020;2(2):100107.
217. Mendoza M, Garcia-Ruiz I, Maiz N, Rodo C, Garcia-Manau P, Serrano B, et al. Pre-
eclampsia-like syndrome induced by severe COVID-19: a prospective observational study. 
BJOG. 2020;127(11):1374-80.
218. Narang K, Enninga EAL, Gunaratne M, Ibirogba ER, Trad ATA, Elrefaei A, et al. 
SARS-CoV-2 Infection and COVID-19 During Pregnancy: A Multidisciplinary Review. 
Mayo Clin Proc. 2020;95(8):1750-65.
219. Shanes ED, Mithal LB, Otero S, Azad HA, Miller ES, Goldstein JA. Placental 
Pathology in COVID-19. Am J Clin Pathol. 2020;154(1):23-32.
220. Pique-Regi R, Romero R, Tarca AL, Luca F, Xu Y, Alazizi A, et al. Does the human 
placenta express the canonical cell entry mediators for SARS-CoV-2? Elife. 2020;9.
221. Ton TGN, Bennett MV, Incerti D, Peneva D, Druzin M, Stevens W, et al. Maternal 
and Infant Adverse Outcomes Associated with Mild and Severe Preeclampsia during the 
First Year after Delivery in the United States. Am J Perinatol. 2020;37(4):398-408.
222. Hart LA, Sibai BM. Seizures in pregnancy: epilepsy, eclampsia, and stroke. Semin 
Perinatol. 2013;37(4):207-24.
223. Knight M, UKOSS. Eclampsia in the United Kingdom 2005. BJOG. 
2007;114(9):1072-8.
224. Nelander M, Weis J, Bergman L, Larsson A, Wikström A-K, Wikström J. Cerebral 
Magnesium Levels in Preeclampsia; A Phosphorus Magnetic Resonance Spectroscopy 
Study. American Journal of Hypertension. 2017;30(7):667-72.
225. McDermott M, Miller EC, Rundek T, Hurn PD, Bushnell CD. Preeclampsia: 
Association With Posterior Reversible Encephalopathy Syndrome and Stroke. Stroke. 
2018;49(3):524-30.



134

226. Fischer M, Schmutzhard E. Posterior reversible encephalopathy syndrome. J Neurol. 
2017;264(8):1608-16.
227. Bergman L, Torres-Vergara P, Penny J, Wikström J, Nelander M, Leon J, et al. 
Investigating Maternal Brain Alterations in Preeclampsia: the Need for a Multidisciplinary 
Effort. Current Hypertension Reports. 2019;21(9):72.
228. Fang X, Wang H, Liu Z, Chen J, Tan H, Liang Y, et al. Posterior reversible 
encephalopathy syndrome in preeclampsia and eclampsia: The role of hypomagnesemia. 
Seizure. 2020;76:12-6.
229. Bergman L, Akhter T, Wikström AK, Wikström J, Naessen T, Akerud H. Plasma 
Levels of S100B in Preeclampsia and Association With Possible Central Nervous System 
Effects. American Journal of Hypertension. 2014;27(8):1105-11.
230. Bergman L, Åkerud H, Wikström AK, Larsson M, Naessen T, Akhter T. Cerebral 
Biomarkers in Women With Preeclampsia Are Still Elevated 1 Year Postpartum. American 
Journal of Hypertension. 2016;29(12):1374-9.
231. Grear KE, Bushnell CD. Stroke and pregnancy: clinical presentation, evaluation, 
treatment, and epidemiology. Clin Obstet Gynecol. 2013;56(2):350-9.
232. Leffert LR, Clancy CR, Bateman BT, Bryant AS, Kuklina EV. Hypertensive 
disorders and pregnancy-related stroke: frequency, trends, risk factors, and outcomes. 
Obstet Gynecol. 2015;125(1):124-31.
233. Wu P, Jordan KP, Chew-Graham CA, Coutinho T, Lundberg GP, Park KE, et al. 
Temporal Trends in Pregnancy-Associated Stroke and Its Outcomes Among Women With 
Hypertensive Disorders of Pregnancy. J Am Heart Assoc. 2020;9(15):e016182.
234. Miller EC, Gatollari HJ, Too G, Boehme AK, Leffert L, Marshall RS, et al. Risk 
Factors for Pregnancy-Associated Stroke in Women With Preeclampsia. Stroke. 
2017;48(7):1752-9.
235. Behrens I, Basit S, Lykke JA, Ranthe MF, Wohlfahrt J, Bundgaard H, et al. 
Hypertensive disorders of pregnancy and peripartum cardiomyopathy: A nationwide cohort 
study. PLoS One. 2019;14(2):e0211857.
236. Patten IS, Rana S, Shahul S, Rowe GC, Jang C, Liu L, et al. Cardiac angiogenic 
imbalance leads to peripartum cardiomyopathy. Nature. 2012;485(7398):333-8.
237. Arany Z, Elkayam U. Peripartum Cardiomyopathy. Circulation. 2016;133(14):1397-
409.
238. Hoedjes M, Berks D, Vogel I, Franx A, Bangma M, Darlington AS, et al. 
Postpartum depression after mild and severe preeclampsia. J Womens Health (Larchmt). 
2011;20(10):1535-42.
239. Chen L, Wang X, Ding Q, Shan N, Qi H. Development of Postpartum Depression in 
Pregnant Women with Preeclampsia: A Retrospective Study. Biomed Res Int. 
2019;2019:9601476.
240. Caropreso L, de Azevedo Cardoso T, Eltayebani M, Frey BN. Preeclampsia as a risk 
factor for postpartum depression and psychosis: a systematic review and meta-analysis. 
Arch Womens Ment Health. 2020;23(4):493-505.
241. Schutte JM, Steegers EA, Schuitemaker NW, Santema JG, de Boer K, Pel M, et al. 
Rise in maternal mortality in the Netherlands. BJOG. 2010;117(4):399-406.
242. Duley L. Maternal mortality associated with hypertensive disorders of pregnancy in
Africa, Asia, Latin America and the Caribbean. Br J Obstet Gynaecol. 1992;99(7):547-53.
243. Lykke JA, Langhoff-Roos J, Lockwood CJ, Triche EW, Paidas MJ. Mortality of 
mothers from cardiovascular and non-cardiovascular causes following pregnancy 
complications in first delivery. Paediatr Perinat Epidemiol. 2010;24(4):323-30.
244. Lo JO, Mission JF, Caughey AB. Hypertensive disease of pregnancy and maternal 
mortality. Curr Opin Obstet Gynecol. 2013;25(2):124-32.



135

245. Vousden N, Lawley E, Seed PT, Gidiri MF, Goudar S, Sandall J, et al. Incidence of 
eclampsia and related complications across 10 low- and middle-resource geographical 
regions: Secondary analysis of a cluster randomised controlled trial. PLoS Med. 
2019;16(3):e1002775.
246. Beck DW, Menezes AH. Intracerebral hemorrhage in a patient with eclampsia. 
JAMA. 1981;246(13):1442-3.
247. Donnelly JF, Lock FR. Causes of death in five hundred thirty-three fatal cases of 
toxemia of pregnancy. Am J Obstet Gynecol. 1954;68(1):184-90.
248. Goldenberg RL, McClure EM, Macguire ER, Kamath BD, Jobe AH. Lessons for 
low-income regions following the reduction in hypertension-related maternal mortality in 
high-income countries. Int J Gynaecol Obstet. 2011;113(2):91-5.
249. Which anticonvulsant for women with eclampsia? Evidence from the Collaborative 
Eclampsia Trial [published correction appears in Lancet 1995 Jul 22;346(8969):258]. 
Lancet. 1995;345(8963):1455-63.
250. Altman D, Carroli G, Duley L, Farrell B, Moodley J, Neilson J, et al. Do women 
with pre-eclampsia, and their babies, benefit from magnesium sulphate? The Magpie Trial: 
a randomised placebo-controlled trial. Lancet. 2002;359(9321):1877-90.
251. Nyfløt LT, Ellingsen L, Yli BM, Øian P, Vangen S. Maternal deaths from 
hypertensive disorders: lessons learnt. Acta Obstet Gynecol Scand. 2018;97(8):976-87.
252. Hvorfor dør kvinner av graviditet i Norge i dag? Rapport maternelle dødsfall i Norge 
2012-2018. Oslo: Oslo universitetssykehus og Norsk gynekologisk forening; 2021.
253. Peixoto AB, Rolo LC, Nardozza LMM, Araujo Junior E. Epigenetics and 
Preeclampsia: Programming of Future Outcomes. Methods Mol Biol. 2018;1710:73-83.
254. Rasmussen LG, Lykke JA, Staff AC. Angiogenic biomarkers in pregnancy: defining 
maternal and fetal health. Acta Obstet Gynecol Scand. 2015;94(8):820-32.
255. Brown HL, Smith GN. Pregnancy Complications, Cardiovascular Risk Factors, and 
Future Heart Disease. Obstet Gynecol Clin North Am. 2020;47(3):487-95.
256. Paauw ND, Lely AT. Cardiovascular Sequels During and After Preeclampsia. Adv 
Exp Med Biol. 2018;1065:455-70.
257. Lykke JA, Bare LA, Olsen J, Lagier R, Tong C, Arellano A, et al. Vascular 
associated gene variants in patients with preeclampsia: results from the Danish National 
Birth Cohort. Acta Obstet Gynecol Scand. 2012;91(9):1053-60.
258. Behrens I, Basit S, Lykke JA, Ranthe MF, Wohlfahrt J, Bundgaard H, et al. 
Association Between Hypertensive Disorders of Pregnancy and Later Risk of 
Cardiomyopathy. JAMA. 2016;315(10):1026-33.
259. Lykke JA, Langhoff-Roos J, Sibai BM, Funai EF, Triche EW, Paidas MJ. 
Hypertensive pregnancy disorders and subsequent cardiovascular morbidity and type 2 
diabetes mellitus in the mother. Hypertension. 2009;53(6):944-51.
260. Ayansina D, Black C, Hall SJ, Marks A, Millar C, Prescott GJ, et al. Long term 
effects of gestational hypertension and pre-eclampsia on kidney function: Record linkage 
study. Pregnancy Hypertens. 2016;6(4):344-9.
261. Kattah AG, Scantlebury DC, Agarwal S, Mielke MM, Rocca WA, Weaver AL, et al. 
Preeclampsia and ESRD: The Role of Shared Risk Factors. Am J Kidney Dis. 
2017;69(4):498-505.
262. Simard JF, Rossides M, Arkema EV, Svenungsson E, Wikström AK, Mittleman 
MA, et al. Maternal Hypertensive Disorders in Pregnant Women With Systemic Lupus 
Erythematosus and Future Cardiovascular Outcomes. Arthritis Care Res (Hoboken). 
2021;73(4):574-9.



136

263. Brosens I, Pijnenborg R, Vercruysse L, Romero R. The "Great Obstetrical 
Syndromes" are associated with disorders of deep placentation. Am J Obstet Gynecol. 
2011;204(3):193-201.
264. Society for Maternal-Fetal Medicine. Electronic address: pubs@smfm.org,
Martins JG, Biggio JR, Abuhamad A. Society for Maternal-Fetal Medicine Consult Series 
#52: Diagnosis and management of fetal growth restriction: (Replaces Clinical Guideline 
Number 3, April 2012). Am J Obstet Gynecol. 2020;223(4):B2-B17.
265. Sifianou P. Small and growth-restricted babies: drawing the distinction. Acta 
Paediatr. 2006;95(12):1620-4.
266. Murphy DJ, Stirrat GM. Mortality and morbidity associated with early-onset 
preeclampsia. Hypertens Pregnancy. 2000;19(2):221-31.
267. Harmon QE, Huang L, Umbach DM, Klungsøyr K, Engel SM, Magnus P, et al. Risk 
of fetal death with preeclampsia. Obstet Gynecol. 2015;125(3):628-35.
268. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of 
preterm birth. Lancet. 2008;371(9606):75-84.
269. Bronchopulmonary dysplasia. National Heart, Lung and Blood Institute. Bethesda, 
MD: National Institute of Health;  [Available from: https://www.nhlbi.nih.gov/health-
topics/bronchopulmonary-dysplasia].
270. Abman SH. Bronchopulmonary dysplasia: "a vascular hypothesis". Am J Respir Crit 
Care Med. 2001;164(10 Pt 1):1755-6.
271. Thebaud B, Lacaze-Masmonteil T. If your placenta doesn't have it, chances are your 
lungs don't have it either: the "vascular hypothesis" of bronchopulmonary dysplasia starts in 
utero. J Pediatr. 2010;156(4):521-3.
272. Wilmink FA, Reijnierse J, Reiss IKM, Steegers EAP, de Jonge RCJ, Research 
Consortium Neonatology South-West of the N. Preeclampsia and risk of developing 
bronchopulmonary dysplasia in very preterm neonates. Pregnancy Hypertens. 2019;15:57-
63.
273. Bose C, Van Marter LJ, Laughon M, O'Shea TM, Allred EN, Karna P, et al. Fetal 
growth restriction and chronic lung disease among infants born before the 28th week of 
gestation. Pediatrics. 2009;124(3):e450-8.
274. Alanis MC, Robinson CJ, Hulsey TC, Ebeling M, Johnson DD. Early-onset severe 
preeclampsia: induction of labor vs elective cesarean delivery and neonatal outcomes. Am J 
Obstet Gynecol. 2008;199(3):262 e1-6.
275. Bastek JA, Srinivas SK, Sammel MD, Elovitz MA. Do neonatal outcomes differ 
depending on the cause of preterm birth? A comparison between spontaneous birth and 
iatrogenic delivery for preeclampsia. Am J Perinatol. 2010;27(2):163-9.
276. Natarajan G, Shankaran S. Short- and Long-Term Outcomes of Moderate and Late 
Preterm Infants. Am J Perinatol. 2016;33(3):305-17.
277. Delnord M, Zeitlin J. Epidemiology of late preterm and early term births - An 
international perspective. Semin Fetal Neonatal Med. 2019;24(1):3-10.
278. Broekhuijsen K, van Baaren GJ, van Pampus MG, Ganzevoort W, Sikkema JM, 
Woiski MD, et al. Immediate delivery versus expectant monitoring for hypertensive 
disorders of pregnancy between 34 and 37 weeks of gestation (HYPITAT-II): an open-label, 
randomised controlled trial. Lancet. 2015;385(9986):2492-501.
279. Machado LC, Jr., Passini R, Jr., Rosa IR, Carvalho HB. Neonatal outcomes of late 
preterm and early term birth. Eur J Obstet Gynecol Reprod Biol. 2014;179:204-8.
280. Barton JR, Barton LA, Istwan NB, Desch CN, Rhea DJ, Stanziano GJ, et al. Elective 
delivery at 34(0)(/)(7) to 36(6)(/)(7) weeks' gestation and its impact on neonatal outcomes in 
women with stable mild gestational hypertension. Am J Obstet Gynecol. 2011;204(1):44 e1-
5.



137

281. Mendola P, Mumford SL, Mannisto TI, Holston A, Reddy UM, Laughon SK. 
Controlled direct effects of preeclampsia on neonatal health after accounting for mediation 
by preterm birth. Epidemiology. 2015;26(1):17-26.
282. Wikström AK, Stephansson O, Cnattingius S. Previous preeclampsia and risks of 
adverse outcomes in subsequent nonpreeclamptic pregnancies. Am J Obstet Gynecol. 
2011;204(2):148 e1-6.
283. Buchbinder A, Sibai BM, Caritis S, Macpherson C, Hauth J, Lindheimer MD, et al. 
Adverse perinatal outcomes are significantly higher in severe gestational hypertension than 
in mild preeclampsia. Am J Obstet Gynecol. 2002;186(1):66-71.
284. Venkatesh KK, Strauss RA, Westreich DJ, Thorp JM, Stamilio DM, Grantz KL. 
Adverse maternal and neonatal outcomes among women with preeclampsia with severe 
features <34 weeks gestation with versus without comorbidity. Pregnancy Hypertens. 
2020;20:75-82.
285. van Esch JJA, van Heijst AF, de Haan AFJ, van der Heijden OWH. Early-onset 
preeclampsia is associated with perinatal mortality and severe neonatal morbidity. J Matern 
Fetal Neonatal Med. 2017;30(23):2789-94.
286. Wu CS, Nohr EA, Bech BH, Vestergaard M, Catov JM, Olsen J. Health of children 
born to mothers who had preeclampsia: a population-based cohort study. Am J Obstet 
Gynecol. 2009;201(3):269 e1- e10.
287. Hollegaard B, Lykke JA, Boomsma JJ. Time from pre-eclampsia diagnosis to 
delivery affects future health prospects of children. Evol Med Public Health. 
2017;2017(1):53-66.
288. Hollegaard B, Byars SG, Lykke J, Boomsma JJ. Parent-offspring conflict and the 
persistence of pregnancy-induced hypertension in modern humans. PLoS One. 
2013;8(2):e56821.
289. Barker DJ, Osmond C, Kajantie E, Eriksson JG. Growth and chronic disease: 
findings in the Helsinki Birth Cohort. Ann Hum Biol. 2009;36(5):445-58.
290. Barker DJ. Adult consequences of fetal growth restriction. Clin Obstet Gynecol. 
2006;49(2):270-83.
291. Townsend R, Khalil A, Premakumar Y, Allotey J, Snell KIE, Chan C, et al. 
Prediction of pre-eclampsia: review of reviews. Ultrasound Obstet Gynecol. 2019;54(1):16-
27.
292. Akolekar R, Syngelaki A, Poon L, Wright D, Nicolaides KH. Competing risks 
model in early screening for preeclampsia by biophysical and biochemical markers. Fetal 
Diagn Ther. 2013;33(1):8-15.
293. Rolnik DL, Wright D, Poon LCY, Syngelaki A, O'Gorman N, de Paco Matallana C, 
et al. ASPRE trial: performance of screening for preterm pre-eclampsia. Ultrasound Obstet 
Gynecol. 2017;50(4):492-5.
294. The Fetal Medicine Foundation. Risk assessment: Risk for preeclampsia.  [Available 
from: https://fetalmedicine.org/research/assess/preeclampsia/first-trimester].
295. Chaemsaithong P, Sahota DS, Poon LC. First trimester preeclampsia screening and 
prediction. Am J Obstet Gynecol. 2020.
296. Skråstad RB, Hov GG, Blaas HG, Romundstad PR, Salvesen KÅ. Risk assessment 
for preeclampsia in nulliparous women at 11-13 weeks gestational age: prospective 
evaluation of two algorithms. BJOG. 2015;122(13):1781-8.
297. Tan MY, Syngelaki A, Poon LC, Rolnik DL, O'Gorman N, Delgado JL, et al. 
Screening for pre-eclampsia by maternal factors and biomarkers at 11-13 weeks' gestation. 
Ultrasound Obstet Gynecol. 2018;52(2):186-95.



138

298. LeFevre ML. U. S. Preventive Services Task Force. Low-dose aspirin use for the 
prevention of morbidity and mortality from preeclampsia: U.S. Preventive Services Task 
Force recommendation statement. Ann Intern Med. 2014;161(11):819-26.
299. US Preventive Services Task Force, Bibbins-Domingo K, Grossman DC, et al. 
Screening for Preeclampsia: US Preventive Services Task Force Recommendation 
Statement. JAMA. 2017;317(16):1661-7.
300. Hypertension in pregnancy: diagnosis and management: NICE guidelines; 2019 
[updated June 25, 2019. Available from: 
https://www.nice.org.uk/guidance/ng133/chapter/Recommendations].
301. Al-Rubaie ZTA, Askie LM, Hudson HM, Ray JG, Jenkins G, Lord SJ. Assessment 
of NICE and USPSTF guidelines for identifying women at high risk of pre-eclampsia for 
tailoring aspirin prophylaxis in pregnancy: An individual participant data meta-analysis. Eur 
J Obstet Gynecol Reprod Biol. 2018;229:159-66.
302. Rode L, Ekelund CK, Riishede I, Rasmussen S, Lidegaard Ø, Tabor A. Prediction of 
preterm pre-eclampsia according to NICE and ACOG criteria: descriptive study of 597 492 
Danish births from 2008 to 2017. Ultrasound Obstet Gynecol. 2021;58(4):561-7.
303. Tan MY, Wright D, Syngelaki A, Akolekar R, Cicero S, Janga D, et al. Comparison 
of diagnostic accuracy of early screening for pre-eclampsia by NICE guidelines and a 
method combining maternal factors and biomarkers: results of SPREE. Ultrasound Obstet 
Gynecol. 2018;51(6):743-50.
304. Duhig KE, Myers J, Seed PT, Sparkes J, Lowe J, Hunter RM, et al. Placental growth 
factor testing to assess women with suspected pre-eclampsia: a multicentre, pragmatic, 
stepped-wedge cluster-randomised controlled trial. Lancet. 2019;393(10183):1807-18.
305. National Institute for Health and Care Excellence (NICE). PlGF-based testing to 
help diagnose suspected preeclampsia. Diagnostics Guidance 23. 2016 [Available from: 
https://www.nice.org.uk/guidance/dg23/chapter/1-Recommendations].
306. Myrhaug HT, Reinar LM, Stoinska-Schneider A, Hval G, Movik E, Brurberg KG, et 
al. Safety, clinical effectiveness, predictive accuracy, and cost-effectiveness of blood based
tests for women with suspected preeclampsia: a health technology assessment Oslo: 
Norwegian Institute of Public Health; 2020.
307. Andrietti S, Silva M, Wright A, Wright D, Nicolaides KH. Competing-risks model 
in screening for pre-eclampsia by maternal factors and biomarkers at 35-37 weeks' 
gestation. Ultrasound Obstet Gynecol. 2016;48(1):72-9.
308. Ciobanu A, Wright A, Panaitescu A, Syngelaki A, Wright D, Nicolaides KH. 
Prediction of imminent preeclampsia at 35-37 weeks gestation. Am J Obstet Gynecol. 
2019;220(6):584 e1- e11.
309. Walsh SW. Eicosanoids in preeclampsia. Prostaglandins Leukot Essent Fatty Acids. 
2004;70(2):223-32.
310. Atallah A, Lecarpentier E, Goffinet F, Doret-Dion M, Gaucherand P, Tsatsaris V. 
Aspirin for Prevention of Preeclampsia. Drugs. 2017;77(17):1819-31.
311. Rolnik DL, Wright D, Poon LC, O'Gorman N, Syngelaki A, de Paco Matallana C, et 
al. Aspirin versus Placebo in Pregnancies at High Risk for Preterm Preeclampsia. N Engl J 
Med. 2017;377(7):613-22.
312. Roberge S, Bujold E, Nicolaides KH. Aspirin for the prevention of preterm and term 
preeclampsia: systematic review and metaanalysis. Am J Obstet Gynecol. 2018;218(3):287-
93 e1.
313. Duley L, Meher S, Hunter KE, Seidler AL, Askie LM. Antiplatelet agents for 
preventing pre-eclampsia and its complications. Cochrane Database Syst Rev. 
2019;2019(10).



139

314. Tan MY, Poon LC, Rolnik DL, Syngelaki A, de Paco Matallana C, Akolekar R, et 
al. Prediction and prevention of small-for-gestational-age neonates: evidence from SPREE 
and ASPRE. Ultrasound Obstet Gynecol. 2018;52(1):52-9.
315. Hoffman MK, Goudar SS, Kodkany BS, Metgud M, Somannavar M, Okitawutshu J, 
et al. Low-dose aspirin for the prevention of preterm delivery in nulliparous women with a 
singleton pregnancy (ASPIRIN): a randomised, double-blind, placebo-controlled trial. 
Lancet. 2020;395(10220):285-93.
316. CLASP: a randomised trial of low-dose aspirin for the prevention and treatment of 
pre-eclampsia among 9364 pregnant women. CLASP (Collaborative Low-dose Aspirin 
Study in Pregnancy) Collaborative Group. Lancet. 1994;343(8898):619-29.
317. Andrikopoulou M, Purisch SE, Handal-Orefice R, Gyamfi-Bannerman C. Low-dose 
aspirin is associated with reduced spontaneous preterm birth in nulliparous women. Am J 
Obstet Gynecol. 2018;219(4):399 e1- e6.
318. Ahrens KA, Silver RM, Mumford SL, Sjaarda LA, Perkins NJ, Wactawski-Wende J, 
et al. Complications and Safety of Preconception Low-Dose Aspirin Among Women With 
Prior Pregnancy Losses. Obstet Gynecol. 2016;127(4):689-98.
319. Hastie R, Tong S, Wikström AK, Sandström A, Hesselman S, Bergman L. Aspirin 
use during pregnancy and the risk of bleeding complications: a Swedish population-based 
cohort study. Am J Obstet Gynecol. 2021;224(1):95 e1- e12.
320. Mallampati D, Grobman W, Rouse DJ, Werner EF. Strategies for Prescribing 
Aspirin to Prevent Preeclampsia: A Cost-Effectiveness Analysis. Obstet Gynecol. 
2019;134(3):537-44.
321. Poon LC, Wright D, Rolnik DL, Syngelaki A, Delgado JL, Tsokaki T, et al. Aspirin 
for Evidence-Based Preeclampsia Prevention trial: effect of aspirin in prevention of preterm 
preeclampsia in subgroups of women according to their characteristics and medical and 
obstetrical history. Am J Obstet Gynecol. 2017;217(5):585 e1- e5.
322. ACOG Committee Opinion No. 743: Low-Dose Aspirin Use During Pregnancy. 
Obstet Gynecol. 2018;132(1):e44-e52.
323. Staff A, Andersgaard AB, Henriksen T, Langesæter E, Magnussen E, Michelsen 
TM, et al. Hypertensive svangerskapskomplikasjoner og eklampsi. Norsk gynekologisk 
forening Veileder i fødselshjelp (2014).  [Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/arkiv-utgatte-veiledere/veileder-i-fodselshjelp-2014/28.-hypertensive-
svangerskapskomplikasjoner-og-eklampsi-pasientinformasjon-2016/].
324. Øian P, Henriksen T, Sviggum O. Hypertensive svangerskapskomplikasjoner. Norsk 
gynekologisk forening Veileder i fødselshjelp (1998).  [Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/arkiv-utgatte-veiledere/].
325. Santos S, Voerman E, Amiano P, Barros H, Beilin LJ, Bergström A, et al. Impact of 
maternal body mass index and gestational weight gain on pregnancy complications: an 
individual participant data meta-analysis of European, North American and Australian 
cohorts. BJOG. 2019;126(8):984-95.
326. Hillesund ER, Seland S, Bere E, Sagedal LR, Torstveit MK, Lohne-Seiler H, et al. 
Preeclampsia and gestational weight gain in the Norwegian Fit for Delivery trial. BMC Res 
Notes. 2018;11(1):282.
327. Dipietro L, Evenson KR, Bloodgood B, Sprow K, Troiano RP, Piercy KL, et al. 
Benefits of Physical Activity during Pregnancy and Postpartum: An Umbrella Review. Med 
Sci Sports Exerc. 2019;51(6):1292-302.



140

328. Dodd JM, Deussen AR, Louise J. A Randomised Trial to Optimise Gestational 
Weight Gain and Improve Maternal and Infant Health Outcomes through Antenatal Dietary, 
Lifestyle and Exercise Advice: The OPTIMISE Randomised Trial. Nutrients. 2019;11(12).
329. Tabet M, Banna S, Luong L, Kirby R, Chang JJ. Pregnancy Outcomes after 
Preeclampsia: The Effects of Interpregnancy Weight Change. Am J Perinatol. 
2021;38(13):1393-402.
330. Villa-Etchegoyen C, Lombarte M, Matamoros N, Belizan JM, Cormick G. 
Mechanisms Involved in the Relationship between Low Calcium Intake and High Blood 
Pressure. Nutrients. 2019;11(5).
331. Schoenaker DA, Soedamah-Muthu SS, Mishra GD. The association between dietary 
factors and gestational hypertension and pre-eclampsia: a systematic review and meta-
analysis of observational studies. BMC Med. 2014;12:157.
332. Khaing W, Vallibhakara SA, Tantrakul V, Vallibhakara O, Rattanasiri S, McEvoy 
M, et al. Calcium and Vitamin D Supplementation for Prevention of Preeclampsia: A 
Systematic Review and Network Meta-Analysis. Nutrients. 2017;9(10).
333. Hofmeyr GJ, Lawrie TA, Atallah AN, Torloni MR. Calcium supplementation during 
pregnancy for preventing hypertensive disorders and related problems. Cochrane Database 
Syst Rev. 2018;10(10):CD001059.
334. Sun X, Li H, He X, Li M, Yan P, Xun Y, et al. The association between calcium 
supplement and preeclampsia and gestational hypertension: a systematic review and meta-
analysis of randomized trials. Hypertens Pregnancy. 2019;38(2):129-39.
335. World Health Organization. Calcium supplementation during pregnancy to reduce 
the risk of pre-eclampsia. Geneva: WHO;  [updated September 17, 2019. Available from: 
https://www.who.int/elena/titles/calcium_pregnancy/en/].
336. Hofmeyr GJ, Betrán AP, Singata-Madliki M, Cormick G, Munjanja SP, Fawcus S, et 
al. Prepregnancy and early pregnancy calcium supplementation among women at high risk 
of pre-eclampsia: a multicentre, double-blind, randomised, placebo-controlled trial. Lancet. 
2019;393(10169):330-9.
337. Cleary KL, Siddiq Z, Ananth CV, Wright JD, Too G, D'Alton ME, et al. Use of 
Antihypertensive Medications During Delivery Hospitalizations Complicated by 
Preeclampsia. Obstet Gynecol. 2018;131(3):441-50.
338. Magee LA, Brown MA, Hall DR, Gupte S, Hennessy A, Ananth Karumanchi S, et 
al. The Hypertensive Disorders of Pregnancy: The 2021 International Society for the Study 
of Hypertesion in Pregnancy Classification, Diagnosis & Management Recommendations 
for International Practice. Pregnancy Hypertens. 2021.
339. Duley L, Meher S, Jones L. Drugs for treatment of very high blood pressure during 
pregnancy. Cochrane Database Syst Rev. 2013;2013(7):CD001449.
340. Easterling T, Mundle S, Bracken H, Parvekar S, Mool S, Magee LA, et al. Oral 
antihypertensive regimens (nifedipine retard, labetalol, and methyldopa) for management of 
severe hypertension in pregnancy: an open-label, randomised controlled trial. Lancet. 
2019;394(10203):1011-21.
341. Magee LA, von Dadelszen P, Rey E, Ross S, Asztalos E, Murphy KE, et al. Less-
tight versus tight control of hypertension in pregnancy. N Engl J Med. 2015;372(5):407-17.
342. Salama M, Rezk M, Gaber W, Hamza H, Marawan H, Gamal A, et al. Methyldopa 
versus nifedipine or no medication for treatment of chronic hypertension during pregnancy: 
A multicenter randomized clinical trial. Pregnancy Hypertens. 2019;17:54-8.
343. Gabbe SG. A preliminary report on the intravenous use of magnesium sulphate in 
puerperal eclampsia. 1925. Am J Obstet Gynecol. 1996;174(4):1390-1.



141

344. Duley L, Gulmezoglu AM, Henderson-Smart DJ, Chou D. Magnesium sulphate and 
other anticonvulsants for women with pre-eclampsia. Cochrane Database Syst Rev. 
2010;2010(11):CD000025.
345. Makrides M, Crosby DD, Bain E, Crowther CA. Magnesium supplementation in 
pregnancy. Cochrane Database Syst Rev. 2014;2014(4):CD000937.
346. Lu JF, Nightingale CH. Magnesium sulfate in eclampsia and pre-eclampsia: 
pharmacokinetic principles. Clin Pharmacokinet. 2000;38(4):305-14.
347. Michelsen TM, Bergøy Ø, Ellingsen L, Klingenberg C, Lang A, Morken N, et al. 
Preterm fødsel. Norsk gynekologisk forening Veileder i obstetrikk (2020). ePub. ISBN 978-
82-692382-0-4  [updated February 19, 2020. Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/veileder-i-fodselshjelp/preterm-fodsel/].
348. Committee on Obstetric P. Committee Opinion No. 713: Antenatal Corticosteroid 
Therapy for Fetal Maturation. Obstet Gynecol. 2017;130(2):e102-e9.
349. McGoldrick E, Stewart F, Parker R, Dalziel SR. Antenatal corticosteroids for 
accelerating fetal lung maturation for women at risk of preterm birth. Cochrane Database 
Syst Rev. 2020;12(12):CD004454.
350. Woudstra DM, Chandra S, Hofmeyr GJ, Dowswell T. Corticosteroids for HELLP 
(hemolysis, elevated liver enzymes, low platelets) syndrome in pregnancy. Cochrane 
Database Syst Rev. 2010(9):CD008148.
351. Koopmans CM, Bijlenga D, Groen H, Vijgen SM, Aarnoudse JG, Bekedam DJ, et 
al. Induction of labour versus expectant monitoring for gestational hypertension or mild pre-
eclampsia after 36 weeks' gestation (HYPITAT): a multicentre, open-label randomised 
controlled trial. Lancet. 2009;374(9694):979-88.
352. Chappell LC, Brocklehurst P, Green ME, Hunter R, Hardy P, Juszczak E, et al. 
Planned early delivery or expectant management for late preterm pre-eclampsia 
(PHOENIX): a randomised controlled trial. Lancet. 2019;394(10204):1181-90.
353. Churchill D, Duley L, Thornton JG, Moussa M, Ali HS, Walker KF. Interventionist 
versus expectant care for severe pre-eclampsia between 24 and 34 weeks' gestation. 
Cochrane Database Syst Rev. 2018;10:CD003106.
354. Poon LC, Magee LA, Verlohren S, Shennan A, von Dadelszen P, Sheiner E, et al. A 
literature review and best practice advice for second and third trimester risk stratification, 
monitoring, and management of pre-eclampsia: Compiled by the Pregnancy and Non-
Communicable Diseases Committee of FIGO (the International Federation of Gynecology 
and Obstetrics). Int J Gynaecol Obstet. 2021;154 Suppl 1:3-31.
355. Folkehelseinstituttet. Variabeldokumentasjon for medisisk fødselsregister 2009 
[updated October 25, 2018. Available from: https://www.fhi.no/hn/helseregistre-og-
registre/mfr/datatilgang/variabeldokumentasjon-for-medisinsk/].
356. Bhide A, Shah PS, Acharya G. A simplified guide to randomized controlled trials. 
Acta Obstet Gynecol Scand. 2018;97(4):380-7.
357. Sedgwick P. Prospective cohort studies: advantages and disadvantages. BMJ. 
2013;347:f6726.
358. The HUNT research centre: NTNU;  [Available from: https://www.ntnu.edu/hunt].
359. Norwegian Mother, Father and Child Cohort Study (MoBa). Norwegian Institute of 
Public Health;  [Available from: https://www.fhi.no/en/studies/moba/].
360. Thygesen LC, Ersbøll AK. When the entire population is the sample: strengths and 
limitations in register-based epidemiology. Eur J Epidemiol. 2014;29(8):551-8.
361. Sedgwick P. Retrospective cohort studies: advantages and disadvantages. BMJ. 
2014;348:g1072.
362. Sedgwick P. Estimating the population at risk. BMJ. 2012;345:e6859.



142

363. Sedgwick P. Cross sectional studies: advantages and disadvantages. BMJ. 
2014;348:g2276.
364. Hill AB. The Environment and Disease: Association or Causation? Proc R Soc Med. 
1965;58(5):295-300.
365. Tenny S, Hoffman MR. Odds Ratio. [Updated 2021 May 30]. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-.  [Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK431098/#!po=70.0000].
366. Schmidt CO, Kohlmann T. When to use the odds ratio or the relative risk? Int J 
Public Health. 2008;53(3):165-7.
367. Mutliple logistic regression analysis. Boston University School of Public Health 
2013 [updated January 17, 2013. Available from: https://sphweb.bumc.bu.edu/otlt/MPH-
Modules/BS/BS704_Multivariable/BS704_Multivariable8.html].
368. Kirkwood BR, Sterne JAC. Essential medical statistics, 2. edition. Oxford: 
Blackwell; 2003.
369. Hidalgo B, Goodman M. Multivariate or multivariable regression? Am J Public 
Health. 2013;103(1):39-40.
370. Gordis L. Epidemiology, 4th. edition. Philadelphia: Saunders, Elsevier; 2009.
371. Enzenbach C, Wicklein B, Wirkner K, Loeffler M. Evaluating selection bias in a 
population-based cohort study with low baseline participation: the LIFE-Adult-Study. BMC 
Med Res Methodol. 2019;19(1):135.
372. Nohr EA, Liew Z. How to investigate and adjust for selection bias in cohort studies. 
Acta Obstet Gynecol Scand. 2018;97(4):407-16.
373. Mercer B, Milluzzi C, Collin M. Periviable birth at 20 to 26 weeks of gestation: 
proximate causes, previous obstetric history and recurrence risk. Am J Obstet Gynecol. 
2005;193(3 Pt 2):1175-80.
374. Carmichael SL, Blumenfeld YJ, Mayo JA, Profit J, Shaw GM, Hintz SR, et al. 
Stillbirth and Live Birth at Periviable Gestational Age: A Comparison of Prevalence and 
Risk Factors. Am J Perinatol. 2019;36(5):537-44.
375. Rossi RM, DeFranco EA. Mode of Delivery in Previable Births. Am J Perinatol. 
2019;36(1):53-61.
376. Kesmodel US. Information bias in epidemiological studies with a special focus on 
obstetrics and gynecology. Acta Obstet Gynecol Scand. 2018;97(4):417-23.
377. Chen H, Cohen P, Chen S. Biased odds ratios from dichotomization of age. Stat 
Med. 2007;26(18):3487-97.
378. Flegal KM, Keyl PM, Nieto FJ. Differential misclassification arising from 
nondifferential errors in exposure measurement. Am J Epidemiol. 1991;134(10):1233-44.
379. Hayati Rezvan P, Lee KJ, Simpson JA. The rise of multiple imputation: a review of 
the reporting and implementation of the method in medical research. BMC Med Res 
Methodol. 2015;15:30.
380. Folkehelsesinstituttet. Driftsrapport 2018 – Medisinsk fødselsregister. 2018 [updated 
March 2019. Available from: https://www.fhi.no/publ/2019/driftsrapport-2018--medisinsk-
fodselsregister/].
381. Langhoff-Roos J, Krebs L, Klungsøyr K, Bjarnadottir RI, Källén K, Tapper AM, et 
al. The Nordic medical birth registers--a potential goldmine for clinical research. Acta 
Obstet Gynecol Scand. 2014;93(2):132-7.
382. Klungsøyr K, Harmon QE, Skard LB, Simonsen I, Austvoll ET, Alsaker ER, et al. 
Validity of pre-eclampsia registration in the medical birth registry of norway for women 
participating in the norwegian mother and child cohort study, 1999-2010. Paediatr Perinat 
Epidemiol. 2014;28(5):362-71.



143

383. Thomsen LC, Klungsøyr K, Roten LT, Tappert C, Araya E, Bærheim G, et al. 
Validity of the diagnosis of pre-eclampsia in the Medical Birth Registry of Norway. Acta 
Obstet Gynecol Scand. 2013;92(8):943-50.
384. Moth FN, Sebastian TR, Horn J, Rich-Edwards J, Romundstad PR, Åsvold BO. 
Validity of a selection of pregnancy complications in the Medical Birth Registry of Norway. 
Acta Obstet Gynecol Scand. 2016;95(5):519-27.
385. Lehmann S, Baghestan E, Børdahl P, Ebbing M, Irgens L, Rasmussen S. Validation 
of data in the Medical Birth Registry of Norway on delivery after a previous cesarean 
section. Acta Obstet Gynecol Scand. 2017;96(7):892-7.
386. Rasmussen S, Albrechtsen S, Irgens LM, Dalaker K, Maartmann-Moe H, Vlatkovic 
L, et al. Unexplained antepartum fetal death in Norway, 1985-97: diagnostic validation and 
some epidemiologic aspects. Acta Obstet Gynecol Scand. 2003;82(2):109-15.
387. Reigstad MM, Storeng R, Furu K, Bakken IJ, Engeland A, Larsen IK. Validation of 
Assisted Reproductive Technology in the Medical Birth Registry of Norway Versus the 
Norwegian Prescription Database. Epidemiology. 2020;31(5):681-6.
388. Engeland A, Bjørge T, Daltveit AK, Vollset SE, Furu K. Validation of disease 
registration in pregnant women in the Medical Birth Registry of Norway. Acta Obstet 
Gynecol Scand. 2009;88(10):1083-9.
389. Skomsvoll J, Østensen M, Baste V, Irgens L. Validity of a rheumatic disease 
diagnosis in the Medical Birth Registry of Norway. Acta Obstet Gynecol Scand. 
2002;81(9):831-4.
390. Sunde ID, Vekseth C, Rasmussen S, Mahjoob E, Collett K, Ebbing C. Placenta, cord 
and membranes: a dual center validation study of midwives' classifications and notifications 
to the Medical Birth Registry of Norway. Acta Obstet Gynecol Scand. 2017;96(9):1120-7.
391. Baghestan E, Børdahl PE, Rasmussen SA, Sande AK, Lyslo I, Solvang I. A 
validation of the diagnosis of obstetric sphincter tears in two Norwegian databases, the 
Medical Birth Registry and the Patient Administration System. Acta Obstet Gynecol Scand. 
2007;86(2):205-9.
392. Melve KK, Lie RT, Skjaerven R, Van Der Hagen CB, Gradek GA, Jonsrud C, et al.
Registration of Down syndrome in the Medical Birth Registry of Norway: validity and time 
trends. Acta Obstet Gynecol Scand. 2008;87(8):824-30.
393. Vikanes A, Magnus P, Vangen S, Lomsdal S, Grjibovski AM. Hyperemesis 
gravidarum in the Medical Birth Registry of Norway - a validity study. BMC Pregnancy 
Childbirth. 2012;12:115.
394. Al-Zirqi I, Stray-Pedersen B, Forsén L, Daltveit AK, Vangen S. NUR Group. 
Validation study of uterine rupture registration in the Medical Birth Registry of Norway. 
Acta Obstet Gynecol Scand. 2013;92(9):1086-93.
395. Espnes MG, Bjørge T, Engeland A. Comparison of recorded medication use in the 
Medical Birth Registry of Norway with prescribed medicines registered in the Norwegian 
Prescription Database. Pharmacoepidemiol Drug Saf. 2011;20(3):243-8.
396. Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of self-reported 
pregnancy-related weight: a systematic review. Obes Rev. 2017;18(3):350-69.
397. Saudan P, Brown MA, Buddle ML, Jones M. Does gestational hypertension become 
pre-eclampsia? Br J Obstet Gynaecol. 1998;105(11):1177-84.
398. Misclassification of outcome. Boston University School of Public Health.  [updated 
June 19, 2020. Available from: https://sphweb.bumc.bu.edu/otlt/MPH-
Modules/EP/EP713_Bias/EP713_Bias6.html].
399. Salomon LJ, Alfirevic Z, Da Silva Costa F, Deter RL, Figueras F, Ghi T, et al. 
ISUOG Practice Guidelines: ultrasound assessment of fetal biometry and growth. 
Ultrasound Obstet Gynecol. 2019;53(6):715-23.



144

400. Sørbye IK, Stoltenberg C, Sundby J, Daltveit AK, Vangen S. Stillbirth and infant 
death among generations of Pakistani immigrant descent: a population-based study. Acta 
Obstet Gynecol Scand. 2014;93(2):168-74.
401. Stoltenberg C, Magnus P, Lie RT, Daltveit AK, Irgens LM. Influence of 
consanguinity and maternal education on risk of stillbirth and infant death in Norway, 1967-
1993. Am J Epidemiol. 1998;148(5):452-9.
402. Shavers VL. Measurement of socioeconomic status in health disparities research. J
Natl Med Assoc. 2007;99(9):1013-23.
403. Eikemo TA, Huisman M, Bambra C, Kunst AE. Health inequalities according to 
educational level in different welfare regimes: a comparison of 23 European countries. 
Sociol Health Illn. 2008;30(4):565-82.
404. Lindquist A, Knight M, Kurinczuk JJ. Variation in severe maternal morbidity 
according to socioeconomic position: a UK national case–control study. BMJ open. 
2013;3(6).
405. Lindquist A, Noor N, Sullivan E, Knight M. The impact of socioeconomic position 
on severe maternal morbidity outcomes among women in Australia: a national case–control 
study. BJOG. 2015;122(12):1601-9.
406. Chiavarini M, Lanari D, Minelli L, Pieroni L, Salmasi L. Immigrant mothers and 
access to prenatal care: evidence from a regional population study in Italy. BMJ Open. 
2016;6(2):e008802.
407. Kentoffio K, Berkowitz SA, Atlas SJ, Oo SA, Percac-Lima S. Use of maternal health 
services: comparing refugee, immigrant and US-born populations. Matern Child Health J. 
2016;20(12):2494-501.
408. Råssjö EB, Byrskog U, Samir R, Klingberg-Allvin M. Somali women's use of 
maternity health services and the outcome of their pregnancies: a descriptive study 
comparing Somali immigrants with native-born Swedish women. Sex Reprod Healthc. 
2013;4(3):99-106.
409. Alderliesten ME, Vrijkotte TG, van der Wal MF, Bonsel GJ. Late start of antenatal 
care among ethnic minorities in a large cohort of pregnant women. BJOG. 
2007;114(10):1232-9.
410. Sauvegrain P, Azria E, Chiesa-Dubruille C, Deneux-Tharaux C. Exploring the 
hypothesis of differential care for African immigrant and native women in France with 
hypertensive disorders during pregnancy: a qualitative study. Bjog. 2017.
411. Kumar BN, Grøtvedt L, Meyer HE, Søgaard AJ, Strand BH. The Oslo immigrant 
health profile
Oslo; 2008.
412. Diaz E, Calderon-Larranaga A, Prado-Torres A, Poblador-Plou B, Gimeno-Feliu 
LA. How do immigrants use primary health care services? A register-based study in 
Norway. Eur J Public Health. 2015;25(1):72-8.
413. Constant AF, García-Munoz T, Neuman S, Neuman T. A "healthy immigrant effect" 
or a "sick immigrant effect"? Selection and policies matter. Eur J Health Econ. 
2018;19(1):103-21.
414. Vang ZM, Sigouin J, Flenon A, Gagnon A. Are immigrants healthier than native-
born Canadians? A systematic review of the healthy immigrant effect in Canada. Ethn 
Health. 2017;22(3):209-41.
415. Tolcher MC, Sangi-Haghpeykar H, Mendez-Figueroa H, Aagaard KM. Low-dose 
aspirin for preeclampsia prevention: efficacy by ethnicity and race. Am J Obstet Gynecol 
MFM. 2020;2(4):100184.
416. Assar ME, Angulo J, Rodríguez-Mañas L. Diabetes and ageing-induced vascular 
inflammation. J Physiol. 2016;594(8):2125-46.



145

417. Hamilton SJ, Watts GF. Endothelial dysfunction in diabetes: pathogenesis, 
significance, and treatment. Rev Diabet Stud. 2013;10(2-3):133-56.
418. Domingueti CP, Dusse LM, Carvalho M, de Sousa LP, Gomes KB, Fernandes AP. 
Diabetes mellitus: The linkage between oxidative stress, inflammation, hypercoagulability 
and vascular complications. J Diabetes Complications. 2016;30(4):738-45.
419. Forbes JM, Cooper ME. Mechanisms of diabetic complications. Physiol Rev. 
2013;93(1):137-88.
420. Norwegian Institute of Public Health. Public Health Report 2009 [updated August 8, 
2017. Available from: https://www.fhi.no/en/op/hin/].
421. Friis CM, Roum EMS, Holm HO, Toft JH, Roland MCP, Thordalson HB. 
Svangerskapsdiabetes.  Norsk gynekologisk forening Veileder i fødselshjelp (2020). ePub. 
ISBN 978-82-692382-0-4. [Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/veileder-i-fodselshjelp/svangerskapsdiabetes/].
422. Brown J, Alwan NA, West J, Brown S, McKinlay CJ, Farrar D, et al. Lifestyle 
interventions for the treatment of women with gestational diabetes. Cochrane Database Syst 
Rev. 2017;5(5):CD011970.
423. Pillay J, Donovan L, Guitard S, Zakher B, Gates M, Gates A, et al. Screening for 
Gestational Diabetes: Updated Evidence Report and Systematic Review for the US 
Preventive Services Task Force. JAMA. 2021;326(6):539-62.
424. Romero R, Erez O, Huttemann M, Maymon E, Panaitescu B, Conde-Agudelo A, et 
al. Metformin, the aspirin of the 21st century: its role in gestational diabetes mellitus, 
prevention of preeclampsia and cancer, and the promotion of longevity. Am J Obstet 
Gynecol. 2017;217(3):282-302.
425. Brownfoot FC, Hastie R, Hannan NJ, Cannon P, Nguyen TV, Tuohey L, et al. 
Combining metformin and sulfasalazine additively reduces the secretion of antiangiogenic 
factors from the placenta: Implications for the treatment of preeclampsia. Placenta. 
2020;95:78-83.
426. Kalafat E, Sukur YE, Abdi A, Thilaganathan B, Khalil A. Metformin for prevention 
of hypertensive disorders of pregnancy in women with gestational diabetes or obesity: 
systematic review and meta-analysis of randomized trials. Ultrasound Obstet Gynecol. 
2018;52(6):706-14.
427. Engin A. The Pathogenesis of Obesity-Associated Adipose Tissue Inflammation. 
Adv Exp Med Biol. 2017;960:221-45.
428. Nosalski R, Guzik TJ. Perivascular adipose tissue inflammation in vascular disease. 
Br J Pharmacol. 2017;174(20):3496-513.
429. Brandkvist M, Bjørngaard JH, Ødegård RA, Brumpton B, Smith GD, Åsvold BO, et 
al. Genetic associations with temporal shifts in obesity and severe obesity during the obesity 
epidemic in Norway: A longitudinal population-based cohort (the HUNT Study). PLoS 
Med. 2020;17(12):e1003452.
430. Torkildsen SE, Svendsen H, Räisänen S, Sole KB, Laine K. Country of birth and 
county of residence and association with overweight and obesity-a population-based study 
of 219 555 pregnancies in Norway. J Public Health (Oxf). 2019;41(4):e290-e9.
431. Catalano PM. Obesity, insulin resistance, and pregnancy outcome. Reproduction. 
2010;140(3):365-71.
432. Hooijschuur MCE, Ghossein-Doha C, Kroon AA, De Leeuw PW, Zandbergen 
AAM, Van Kuijk SMJ, et al. Metabolic syndrome and pre-eclampsia. Ultrasound Obstet 
Gynecol. 2019;54(1):64-71.
433. Pascual-Morena C, Cavero-Redondo I, Alvarez-Bueno C, Luceron-Lucas-Torres M, 
Sanabria-Martinez G, Poyatos-Leon R, et al. Exercise versus Metformin to Improve 



146

Pregnancy Outcomes among Overweight Pregnant Women: A Systematic Review and 
Network Meta-Analysis. J Clin Med. 2021;10(16).
434. Guzik TJ, Touyz RM. Oxidative Stress, Inflammation, and Vascular Aging in 
Hypertension. Hypertension. 2017;70(4):660-7.
435. Chaemsaithong P, Cuenca-Gomez D, Plana MN, Gil MM, Poon LC. Does low-dose 
aspirin initiated before 11 weeks' gestation reduce the rate of preeclampsia? Am J Obstet 
Gynecol. 2020;222(5):437-50.
436. Klouman M, Åsberg A, Widerøe TE. [The blood pressure level in a Norwegian 
population--the significance of inheritance and lifestyle]. Tidsskr Nor Laegeforen. 
2011;131(12):1185-9.
437. Njølstad I, Mathiesen EB, Schirmer H, Thelle DS. The Tromso study 1974-2016: 40 
years of cardiovascular research. Scand Cardiovasc J. 2016;50(5-6):276-81.
438. Holmen J, Holmen TL, Tverdal A, Holmen OL, Sund ER, Midthjell K. Blood 
pressure changes during 22-year of follow-up in large general population - the HUNT 
Study, Norway. BMC Cardiovasc Disord. 2016;16:94.
439. Iacobini C, Pugliese G, Blasetti Fantauzzi C, Federici M, Menini S. Metabolically 
healthy versus metabolically unhealthy obesity. Metabolism. 2019;92:51-60.
440. Olsen JA, Lindberg MH, Lamu AN. Health and wellbeing in Norway: Population 
norms and the social gradient. Soc Sci Med. 2020;259:113155.
441. Norwegian Institute of Public Health. Public health report: Smoking and snus use in 
Norway. 2016 [updated October 4, 2018. Available from: 
https://www.fhi.no/en/op/hin/lifestyle/royking-og-snusbruk-i-noreg/].
442. Norderhaug IN, Dybing E, Gilljam H, Lind PO, Lund KE, Mørland J, et al. Health 
effects and dependency associated with snuff consumption. Report from Kunnskapssenteret 
no. 6-2005. Oslo: Norwegian Knowledge Centre for the Health Services; 2005.
443. England LJ, Kim SY, Shapiro-Mendoza CK, Wilson HG, Kendrick JS, Satten GA, et 
al. Effects of maternal smokeless tobacco use on selected pregnancy outcomes in Alaska 
Native women: a case-control study. Acta Obstet Gynecol Scand. 2013;92(6):648-55.
444. England LJ, Levine RJ, Mills JL, Klebanoff MA, Yu KF, Cnattingius S. Adverse 
pregnancy outcomes in snuff users. Am J Obstet Gynecol. 2003;189(4):939-43.
445. Heimstad R, Augensen K, Grønberg M, Nakling J, Strindsklev S. Overtidig 
svangerskap 2010, Norsk gynekologisk forening Veileder i fødselshjelp (2008).  [updated 
August 30, 2010. Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/arkiv-utgatte-veiledere/].
446. Morken NH, Haavaldsen K, Heimstad R, Holdø B, Øian P. Overtidig svangerskap. 
Norsk gynekologisk forening Veileder i fødselshjelp (2014).  [Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/arkiv-utgatte-veiledere/veileder-i-fodselshjelp-2014/35.-overtidig-
svangerskap/].
447. Morken NH, Haavaldsen K, Heimstad R, Murzakanova G, Stokke AM. Overtidig 
svangerskap. Norsk gynekologisk forening Veileder i fødselshjelp (2020).  [Available from: 
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/veileder-i-fodselshjelp/overtidig-svangerskap/].
448. Wennerholm UB, Saltvedt S, Wessberg A, Alkmark M, Bergh C, Wendel SB, et al. 
Induction of labour at 41 weeks versus expectant management and induction of labour at 42 
weeks (SWEdish Post-term Induction Study, SWEPIS): multicentre, open label, 
randomised, superiority trial. BMJ. 2019;367:l6131.
449. Campbell MK, Østbye T, Irgens LM. Post-term birth: risk factors and outcomes in a 
10-year cohort of Norwegian births. Obstet Gynecol. 1997;89(4):543-8.



147

450. Grobman WA, Rice MM, Reddy UM, Tita ATN, Silver RM, Mallett G, et al. Labor 
Induction versus Expectant Management in Low-Risk Nulliparous Women. N Engl J Med. 
2018;379(6):513-23.
451. Grobman WA, Caughey AB. Elective induction of labor at 39 weeks compared with 
expectant management: a meta-analysis of cohort studies. Am J Obstet Gynecol. 
2019;221(4):304-10.
452. Collaborative overview of randomised trials of antiplatelet therapy--I: Prevention of 
death, myocardial infarction, and stroke by prolonged antiplatelet therapy in various 
categories of patients. Antiplatelet Trialists' Collaboration. BMJ. 1994;308(6921):81-106.
453. Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson JE, et al. A 
randomized trial of low-dose aspirin in the primary prevention of cardiovascular disease in 
women. N Engl J Med. 2005;352(13):1293-304.
454. Li X, Milosavljevic A, Elsea SH, Wang CC, Scaglia F, Syngelaki A, et al. Effective 
Aspirin Treatment of Women at Risk for Preeclampsia Delays the Metabolic Clock of 
Gestation. Hypertension. 2021;78(5):1398-410.
455. Trogstad L, Magnus P, Stoltenberg C. Pre-eclampsia: Risk factors and causal 
models. Best Pract Res Clin Obstet Gynaecol. 2011;25(3):329-42.
456. Wright D, Tan MY, O'Gorman N, Poon LC, Syngelaki A, Wright A, et al. Predictive 
performance of the competing risk model in screening for preeclampsia. Am J Obstet 
Gynecol. 2019;220(2):199 e1- e13.
457. Wright D, Wright A, Nicolaides KH. The competing risk approach for prediction of 
preeclampsia. Am J Obstet Gynecol. 2020;223(1):12-23 e7.
458. Akolekar R, Syngelaki A, Sarquis R, Zvanca M, Nicolaides KH. Prediction of early, 
intermediate and late pre-eclampsia from maternal factors, biophysical and biochemical 
markers at 11-13 weeks. Prenat Diagn. 2011;31(1):66-74.



148



149

10 PAPERS I-III



150



I





Acta Obstet Gynecol Scand. 2018;97:1237–1247. | 1237© 2018 Nordic Federation of Societies of 
Obstetrics and Gynecology

 

|
DOI: 10.1111/aogs.13393

O R I G I N A L  R E S E A R C H  A R T I C L E

The association of maternal country of birth and education 
with hypertensive disorders of pregnancy: A population- based 
study of 960 516 deliveries in Norway

Kristina Baker Sole1,2 | 1,3,4 | 4,5

Abbreviations:

1

2

3

4

5

 

Funding information

554.04/14.

Abstract
Introduction

-

Material and methods

Results

-

-

-

K E Y W O R D S



| SOLE ET AL.

|

-

1 -
-

-

7 In 

8

-

-
9,10

-

-

|

|

-
-

-

-

-

-

-

|

-

-
-

-

-

-

Key Message

-

women.



|SOLE ET AL.
N

ul
lip

ar
ou

s (
pa

ra
 0

)

To
ta

l d
el

iv
er

ie
s

PE
To

ta
l d

el
iv

er
ie

s
PE

%
n

%
n

%
n

%
n

%
n

%
n

D
el

iv
er

ie
s

10
0.

0
5.

0
18

 9
57

2.
2

10
0.

0
52

4 
43

0
2.

3
11

 9
29

1.
4

73
14

0
42

.2
5.

0
18

 9
57

2.
2

1
32

8 
74

5
2.

3
1.

4

2
15

.7
2.

2
31

17
1.

4
99

7

3
4.

0
2.

2
81

2
1.

5

4
1.

1
10

 1
15

2.
3

23
4

1.
3

13
2

5 
or

 m
or

e
0.

7
2.

5
15

7
1.

4
89

79
.8

30
5 

18
9

5.
3

2.
4

73
74

79
.9

41
8 

91
3

2.
4

1.
5

a
7.

0
3.

5
95

1
2.

0
54

0
5.

3
27

 9
28

44
9

1.
2

33
3

b
2.

4
90

93
3.

1
28

2
1.

3
11

9
2.

4
12

 4
40

1.
9

23
3

0.
9

10
9

c
0.

4
4.

1
1.

7
28

0.
5

1.
1

27
1.

2
28

d
1.

0
37

70
17

4
1.

2
0.

8
40

77
2.

0
83

1.
0

40
e

1.
9

72
14

2.
7

1.
1

2.
4

12
 3

38
1.

5
19

1
0.

8
98

2.
0

5.
7

43
2

1.
1

3.
1

2.
5

0.
8

13
0

g
0.

1
1.

7
1.

4
5

0.
1

7
0.

7
3

1.
8

3.
4

23
4

11
1

2.
4

12
 4

31
2.

1
25

5
1.

1
i

3.
0

3.
5

40
3

1.
2

14
1

13
 7

95
1.

8
25

5
0.

9
12

1

O
ce

an
ia

j
0.

1
25

7
3.

1
8

2.
7

7
0.

1
27

8
2.

2
1.

1
3

15
.4

58
 9

35
5.

1
30

02
93

8
17

.1
2.

5
22

22
1.

2
10

52

2.
2

23
75

31
.0

42
33

1.
5

23
97

38
.7

14
8 

19
7

5.
0

2.
5

37
.1

2.
2

42
20

1.
5

29
18

13
.2

50
 4

51
3.

8
19

27
2.

7
13

49
11

.0
1.

7
99

1
1.

3
77

3

95
.8

5.
0

18
 1

49
2.

3
95

.8
2.

3
11

 4
97

1.
4

70
81

0.
3

34
1.

5
20

0.
5

25
17

2.
1

52
1.

0
25

0.
1

43
8

4.
8

21
1.

1
5

0.
1

72
1

1.
9

14
0.

7
5

0.
5

19
25

4.
4

84
30

0.
5

1.
8

47
0.

8
22

3.
2

12
 4

33
5.

4
1.

9
24

0
3.

0
15

 9
13

2.
4

37
9

1.
1

18
1



| SOLE ET AL.

N
ul

lip
ar

ou
s (

pa
ra

 0
)

To
ta

l d
el

iv
er

ie
s

PE
To

ta
l d

el
iv

er
ie

s
PE

%
n

%
n

%
n

%
n

%
n

%
n

4.
9

5.
2

97
7

1.
1

19
9

0.
2

1.
8

21
0.

3
3

20
- 3

4
33

0 
82

4
4.

9
2.

2
72

27
75

.8
2.

1
1.

2
49

43

35
- 3

9
7.

4
5.

4
15

28
3.

3
93

7
20

.3
2.

7
28

49
1.

8
19

04

>4
0

1.
3

48
08

33
1

4.
1

19
7

3.
7

19
 5

78
3.

4
2.

4

97
.9

4.
8

18
 0

35
2.

2
82

72
51

1 
43

0
2.

2
11

 1
80

1.
4

0.
5

18
55

20
.2

37
4

3.
8

70
0.

5
24

32
9.

8
23

8
3.

4
82

0.
2

12
.4

80
30

0.
2

8.
3

10
7

3.
0

39

1.
4

53
53

8.
7

3.
5

19
0

1.
7

88
47

5.
2

2.
7

24
0

85
.9

32
8 

77
2

5.
0

2.
3

87
.4

45
8 

58
7

2.
3

10
 7

18
1.

5

1.
9

71
97

4.
3

31
0

2.
2

15
8

1.
4

72
98

2.
0

14
3

1.
1

82

D
ai

ly
12

.2
4.

5
21

10
1.

5
71

0
11

.2
58

 5
45

1.
9

11
28

1.
0

57
5

a b c d e g i j



|SOLE ET AL.

-

-

-

|

P
-

SPSS

|

|

|

-
-

-

-
-

-

|

-



| SOLE ET AL.

N
ul

lip
ar

ou
s (

pa
ra

 0
) 

n 
= 

38
2 

61
8

Pr
ee

cl
am

ps
ia

/E
cl

am
ps

ia
 (P

E)

A
dj

us
te

d
A

dj
us

te
d

O
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

0.
71

0.
83

0.
78

0.
57

0.
59

0.
54

0.
57

0.
03

0.
84

0.
19

0.
71

0.
49

- 1
.0

3
0.

07
0.

43
- 0

.9
5

0.
03

0.
87

0.
74

- 1
.0

1
0.

07
0.

73
- 1

.0
2

0.
08

0.
50

0.
45

0.
50

0.
43

- 0
.5

8
0.

49
0.

41
- 0

.5
7

0.
43

0.
34

- 0
.5

4
0.

48

1.
08

0.
98

- 1
.1

9
0.

13
1.

00
0.

90
- 1

.1
2

0.
37

- 0
.5

7
0.

50

0.
30

0.
57

0.
24

- 1
.3

8
0.

21
0.

50
0.

19
- 1

.3
4

0.
17

0.
55

- 0
.7

1
0.

54
- 0

.7
3

0.
54

- 0
.7

9
0.

48
- 0

.7
5

0.
58

- 0
.7

1
0.

49
0.

42
- 0

.5
9

0.
49

0.
41

- 0
.5

8

O
ce

an
ia

0.
58

0.
12

0.
31

- 1
.4

1
0.

29
1.

13
0.

53
- 2

.4
0

0.
75

1.
29

0.
52

0.
91

0.
87

- 0
.9

5
0.

97
0.

92
- 1

.0
1

0.
17

0.
73

0.
89

0.
88

0.
85

- 0
.9

1
0.

85
0.

82
- 0

.8
8

1.
15

1.
09

- 1
.2

1
1.

07
1.

02
- 1

.1
3

0.
01

1.
24

1.
14

1.
07

- 1
.2

2

0.
51

0.
42

- 0
.9

1
0.

02
0.

43
- 1

.0
3

0.
07

0.
81

0.
47

- 1
.4

2
0.

57

0.
97

0.
88

0.
90

0.
54

- 1
.4

8
0.

50
0.

21
- 1

.2
1

0.
12

0.
43

0.
14

- 1
.3

3
0.

14

0.
88

0.
70

- 1
.0

9
0.

24
0.

94
0.

75
- 1

.1
8

0.
59

0.
48

- 0
.9

8
0.

04
0.

81
0.

28

1.
09

1.
01

- 1
.1

8
0.

31
1.

11
1.

03
- 1

.2
1

0.
01

0.
85

0.
75

- 0
.9

7
0.

02
0.

88
0.

77
- 1

.0
0

0.
05

20
- 3

4

1.
08

1.
01

- 1
.1

5
0.

02
1.

05
0.

97
- 1

.1
2

0.
22

0.
48

0.
58

35
- 3

9
1.

11
1.

13
1.

07
- 1

.1
9

1.
53

1.
50



|SOLE ET AL.

-

-
-

|

-

-

11,12

13

2,3

2,3 -
-

N
ul

lip
ar

ou
s (

pa
ra

 0
) 

n 
= 

38
2 

61
8

Pr
ee

cl
am

ps
ia

/E
cl

am
ps

ia
 (P

E)

A
dj

us
te

d
A

dj
us

te
d

O
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

1.
44

1.
41

1.
91

1.
82

1.
57

- 2
.1

1

5.
00

4.
80

4.
28

- 5
.3

9
1.

74
1.

37
- 2

.2
1

1.
30

- 2
.1

1

2.
80

2.
21

- 3
.5

4
2.

09
- 3

.4
0

1.
50

- 3
.1

2
2.

18
1.

50
- 3

.1
7

1.
90

1.
72

- 2
.0

9
1.

94
1.

41
- 1

.8
9

1.
45

- 1
.9

5

0.
85

0.
01

0.
78

0.
94

0.
80

- 1
.1

0
0.

42
0.

97
0.

82
- 1

.1
3

D
ai

ly
0.

89
0.

85
- 0

.9
4

0.
79

0.
75

- 0
.8

3



| SOLE ET AL.

 
n 

= 
52

4 
43

0

Pr
ee

cl
am

ps
ia

/E
cl

am
ps

ia
 (P

E)

A
dj

us
te

d
A

dj
us

te
d

O
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

1 2
0.

94
0.

90
- 0

.9
8

0.
88

0.
84

- 0
.9

2
1.

02
0.

58
0.

95
0.

90
- 1

.0
1

0.
08

3
0.

95
0.

88
- 1

.0
2

0.
15

0.
82

1.
11

1.
01

- 1
.2

1
0.

02
1.

01
0.

92
- 1

.1
1

0.
78

4
0.

99
0.

87
- 1

.1
3

0.
90

0.
82

0.
72

- 0
.9

4
0.

95
0.

79
- 1

.1
3

0.
53

0.
90

0.
75

- 1
.0

8

5 
or

 m
or

e
1.

08
0.

92
- 1

.2
7

0.
81

0.
02

1.
03

0.
84

- 1
.2

8
0.

77
1.

00
0.

99

0.
79

0.
71

- 0
.8

9
0.

77

0.
78

0.
78

0.
58

0.
48

- 0
.7

0
0.

57
0.

47
- 0

.7
1

0.
47

0.
44

0.
79

0.
54

- 1
.1

4
0.

21
0.

75
0.

51
- 1

.1
1

0.
15

0.
85

0.
14

0.
78

0.
03

0.
48

- 0
.8

9
0.

01
0.

48
- 0

.9
2

0.
01

0.
53

0.
51

0.
24

0.
95

0.
85

- 1
.0

7
0.

38
0.

52
0.

48
0.

39
- 0

.5
9

0.
31

- 1
.3

8
0.

73
0.

35
- 1

.5
4

0.
41

0.
45

0.
14

- 1
.3

8
0.

48
0.

15
- 1

.5
0

0.
21

0.
02

0.
75

0.
73

0.
72

0.
00

1

0.
77

0.
71

0.
58

0.
49

- 0
.7

0
0.

57

O
ce

an
ia

0.
90

0.
40

- 2
.0

3
0.

80
0.

88
0.

78
0.

72
0.

23
- 2

.2
4

0.
57

0.
79

0.
25

- 2
.4

8

0.
95

0.
90

- 1
.0

0
1.

04
0.

99
- 1

.1
0

0.
13

0.
80

0.
94

0.
87

- 1
.0

1
0.

10

0.
83

0.
80

- 0
.8

7
0.

79
1.

02
0.

52
0.

95
0.

90
- 1

.0
0

0.
91

0.
84

- 0
.9

9
0.

02
0.

82
0.

75
- 0

.8
9

0.
90

1.
04

0.
77

- 1
.4

1
0.

81
0.

70
0.

47
- 1

.0
4

0.
08

0.
85

0.
50

- 1
.4

4
0.

54
0.

98
0.

95
0.

49
0.

20
- 1

.1
8

0.
11

0.
27

- 1
.5

5
0.

33



|SOLE ET AL.

 
n 

= 
52

4 
43

0

Pr
ee

cl
am

ps
ia

/E
cl

am
ps

ia
 (P

E)

A
dj

us
te

d
A

dj
us

te
d

O
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

aO
R

P-
va

lu
e

0.
57

- 1
.0

2
0.

07
0.

73
0.

54
- 1

.0
0

0.
05

0.
58

0.
38

- 0
.8

8
0.

01
0.

38
- 0

.9
4

0.
03

1.
04

0.
44

1.
07

0.
23

0.
81

0.
85

0.
73

- 0
.9

8
0.

03

20
- 3

4

0.
85

0.
55

- 1
.3

1
0.

84
0.

54
- 1

.3
1

0.
43

0.
21

0.
01

0.
18

0.
04

- 0
.7

0
0.

01

35
- 3

9
1.

27
1.

22
- 1

.3
2

1.
35

1.
29

- 1
.4

1
1.

45
1.

37
- 1

.5
3

1.
44

1.
51

- 1
.7

7
1.

73
1.

59
- 1

.8
8

1.
92

1.
75

- 2
.1

2
1.

88
1.

70
- 2

.0
8

4.
74

4.
14

- 5
.4

3
2.

53
2.

51
2.

01
- 3

.1
3

4.
03

3.
30

- 4
.9

2
3.

90
3.

17
- 4

.7
9

2.
25

2.
48

2.
25

- 2
.7

3
2.

40
2.

03
1.

78
- 2

.3
1

2.
03

1.
77

- 2
.3

1

0.
84

0.
71

- 0
.9

9
0.

03
0.

77
0.

77
0.

02
0.

75
0.

01

D
ai

ly
0.

82
0.

77
- 0

.8
7

0.
72

0.
59

- 0
.7

0



| SOLE ET AL.

-
14

13,15-18 -

-

2

19

20

21

22 

22

23

-

-

24

-

-

9,10,25

-

 

-

delivery.

-

18

-
27,28 -

15,30,31

-

|

-

-



|SOLE ET AL.

-

Kristina Baker Sole   

Anne Cathrine Staff   

Katariina Laine   

BJOG. 2014;121:1492-1500.

J Obstet 
Gynaecol Can. 2012;34:348-352.

Paediatr Perinat Epidemiol. 

J Hum Hypertens. 2010;24:104-110.

J Perinatol. 

J 
Immigr Minor Health. 2017;19:1488-1497.

-

Reprod Health. 2015;12:S5.
-

BJOG. 

-

Springerplus
-

Acta Obstet Gynecol 
Scand

-

Sex Reprod Healthc

BJOG
-

Acta 
Obstet Gynecol Scand. 2013;92:943-950.

Acta Obstet Gynecol Scand. 

-
Am J Epidemiol. 

1998;148:452-459.

-
cies. Am J Med Genet A

-
Diabetes Care. 

Acta Obstet Gynecol Scand

Acta 
Obstet Gynecol Scand. 2014;93:132-137.

-

Eur J Health Econ. 2018;19:103-121.
The 

Oslo Immigrant Health Profile

Eur J Public Health. 
2015;25:72-78.

-
J Natl Med Assoc

-

BMJ Open
-
-

Pregnancy Hypertens. 
2014;4:97-104.

-
-

J Obstet Gynaecol

Acta Obstet Gynecol Scand. 
2015;94:1095-1101.

Am J Epidemiol. 
1997;145:439-448.

Am J Public Health. 
1999;89:517-523.

-
Am J Med 

Genet. 1999;82:423-428.

Acta Obstet Gynecol Scand. 
2018;97:1237–1247. 



 



II





= =
=

= = =

“ ” 

–

–

journal homepage: www.elsevier.com/locate/preghy 



–

–

–

≥
<

–

–

> >

<

≥ <

< –

– ≥

< –

– ≥

“ ”

≥

≥ +

≥ >

–

– –

<

≥

>



–

–

–

=

–

≤

=

=

– –

– –

<

–

–

>

≤ ≤

– –

– –

“ ”

< –

– ≥



=
=

=
=



=
=

=
=



=
=

–

–

< ≥

– 

–

=
= =

= –

– ≥



=
=

’

’

–

<

’

–



–

– 

–

–

–

–

– –

–

–

–

–

–

–

– 

–

–

–

–

–

–

–

–

ø



–

–

–

–

ø

–

–

–

–

–

–

–

–

–

–

–

’

–

–



 



III





 1 

Substantial decrease in preeclampsia prevalence and risk over two decades: 
A population-based study of 1 153 227 deliveries in Norway

Kristina B. Sole, MD, MPHa, Anne Cathrine Staff, MD, PhDa,b, Sari Räisänen MSc, PhDc,
Katariina Laine, MD, PhD a,d

a Institute of Clinical Medicine, University of Oslo, Norway
b Division of Obstetrics and Gynaecology, Oslo University Hospital, Norway
c School of Health, Tampere University of Applied Sciences, Finland
d Norwegian Research Centre for Women’s Health, Oslo University Hospital, Norway

Abstract

Objectives: Analyze secular trends of preeclampsia in Norway based on risk factors.

Study design: Population-based cohort study of 1 153 227 women using data from Medical 
Birth Registry of Norway from 1999 to 2018. Aggregated data from Norwegian Prescription 
Database from 2004 to 2018 were used. Main exposure variable was time period. Descriptive 
statistics identified the prevalence of preeclampsia, labor induction and aspirin use. Multiple 
logistic regression analysis was performed to estimate the risk of preeclampsia during the time 
periods.

Main outcome measures: Preeclampsia

Results: Overall preeclampsia prevalence decreased from 4.3% in 1999-2002 to 2.7% in 
2015-2018. A reduction was observed in all subgroups of women with known risk factors
(age, nulliparity, diabetes, chronic hypertension, assisted reproduction, twin pregnancy).
Adjusted risk of preeclampsia was reduced by 44% from 1999-2002 to 2015-2018 (aOR =
0.56, 95%CI 0.54, 0.58), while the net prevalence of gestational hypertension remained stable
over the study period. Labor induction increased 104%. Aspirin prescriptions increased 
among fertile women in the general Norwegian population.

Conclusions: Preeclampsia prevalence and risk were reduced regardless of risk factors and 
despite an increased proportion of high-risk parturients (advanced age, lower parity, use of 
assisted reproduction). A corresponding increase in aspirin prescriptions among fertile women 
and an overall increase in labor inductions were also observed, suggesting that clinical 
interventions may partly explain the observed reduction in preeclampsia prevalence. Lower 
average blood pressure and improved health in the population may also explain some of the 
reduction.
___________________________________________________________________________
Key words: aspirin, labor induction, hypertension, preeclampsia, pregnancy, secular trends

Abbreviations: aOR: adjusted odds ratio, ART: assisted reproductive technology, ATC: Anatomic Therapeutic 
Chemical, BMI: Body Mass Index, CHTN: chronic hypertension, CI: confidence interval, GH: gestational 
hypertension, MBRN: Medical Birth Registry of Norway, OR: odds ratio, PE: preeclampsia/eclampsia

Source of Funding: This research was funded, in part, by a grant by the Norwegian SIDS and Stillbirth Society, 
grant number 554.04/14 (K.L.). The Norwegian SIDS and Stillbirth Society had no involvement in the study 
design; data collection, analysis or interpretation; writing of the manuscript, or decision to submit the article for 
publication.
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Introduction 

Preeclampsia is a complex medical syndrome affecting 3-5% of pregnancies worldwide [1].

The etiology of preeclampsia is likely due to spiral artery pathology, placenta malperfusion

and syncytiotrophoblast stress of other causes [2-5]. A two-stage paradigm describes how 

placenta syncytiotrophoblast stress and underlying maternal factors increase susceptibility to

the generalized maternal vascular inflammatory response that causes endothelial dysfunction

and clinical disease. [4]. Perinatal adverse effects of preeclampsia can cause long-term health 

consequences for both mother and child [6-8].

Previous studies have reported associations between several biologic risk factors and 

preeclampsia, such as extremes of maternal age, nulliparity, pre-gestational and gestational 

diabetes mellitus, chronic hypertension [9], prior history of preeclampsia [10], autoimmune 

disease [11], assisted reproductive technology (ART) [12], multiple gestation [13] and obesity 

[14]. We also have evidence for the association between socioeconomic factors and 

preeclampsia, such as maternal country of birth and education [15], while smoking has shown 

to be protective [16].

Interventions to reduce the risk of preeclampsia have also been studied. Prophylactic 

low-dose aspirin reduces the risk of pre-term preeclampsia (before 37 weeks gestation) in 

high-risk women based on maternal factors, biophysical findings, and placental and maternal 

biomarkers [17].

Although many studies have focused on preeclampsia risk factors, studies on temporal 

trends [18] of hypertensive disorders of pregnancy are scarce. The demographics of delivering 

women has changed, and updated reports of preeclampsia prevalence are needed. The aim of 

this study was to analyze secular trends of preeclampsia in Norway from 1999 to 2018 based 

on risk factors, and reflect on how the increasing trend of clinical interventions, such as labor 

induction and aspirin use may have altered the prevalence of the disease over time.
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Methods

This study is part of the larger PURPLE Study, which investigates adverse pregnancy 

outcomes in Norway from 1967 to 2018 using data from the Medical Birth Registry of 

Norway (MBRN). The study was approved by The Regional committee for Medical and 

Health Research Ethics in South-Eastern Norway (#2015/681) and the Institutional Personal 

Data Officer at Oslo University Hospital. Patient consent was not required for the use of de-

identified and anonymized registry data.

Our study population included all women who delivered a singleton or twin pregnancy

in Norway between 1999 and 2018 at 22 and < 45 weeks (n = 1 153 227

women). The main exposure variable was time period of delivery, using 4-year increments.

Obstetric history, past medical history and other current maternal morbidity are 

routinely recorded in the standardized ambulatory prenatal record used throughout Norway. 

Mandatory notification to the MBRN occurs immediately after delivery by automatic transfer 

of information from the electronic hospital charts of both mother and baby. Gestational age at 

birth was based on fetal biometry performed at 17-20 weeks of gestation (98% of the study 

population), or on the first day of the last menstrual period in the rare instances when 

ultrasound-dating was not available (2%).

The main outcome variable was preeclampsia. Women with eclampsia were merged 

into the preeclampsia group for the analysis. Preeclampsia was defined as repeatedly 

confirmed 140/90 mmHg after 20 weeks gestational age 

accompanied by proteinuria. Proteinuria was defined a 1+ on urine dipstick with a 

0.3 g/24 hours or total 

protein/creatinine ratio > 0.3. Eclampsia was defined as peripartum generalized seizures 

occurring up to 7 days postpartum associated with preeclampsia or gestational hypertension. 
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Risk factors for hypertensive disorders of pregnancy were assessed as possible 

confounders to the main exposure variable. Maternal age at delivery was categorized into 6 

groups (< 20, 20-24, 25-29, 30-34, 35- 40 years).

2. Maternal country of birth was assigned as Norway or other. First-trimester smoking was 

categorized into four groups (no smoking, sometimes, daily, missing information). Maternal 

diabetes was classified into three categories: Type 1, type 2 and gestational diabetes based on 

national screening criteria in use at the time of the pregnancy. Chronic hypertension was

defined as a binary variable and excluded hypertension as a complication of pregnancy, 

delivery or postpartum. Pre-pregnancy Body Mass Index (BMI) was categorized using World 

Health Organization classifications. Twin gestation and ART were dichotomized to yes/no 

variables.

Labor induction and aspirin use were studied as possible explanations for changes in

preeclampsia prevalence over time. Induction of labor was dichotomized as yes/no.

Population-based data on aspirin use among women age 20-39 years were taken from the 

Norwegian Prescription Database, using the Anatomic Therapeutic Chemical (ATC) code 

B01A C06 for acetylsalicylic acid 75 mg, the dose recommended in Norway during the study 

period for preeclampsia prevention in high-risk women. Only aggregate data was available, 

reported as use per 1000 women.

IBM SPSS Statistics for Windows version 27.0.0.0 was used for the analysis. We used

descriptive statistics to determine the prevalence of preeclampsia and gestational

hypertension, according to maternal characteristics, gestational age at delivery and use of 

labor induction. Logistic regression analysis was performed to estimate the crude odds ratios 

(OR) with 95% confidence intervals (CIs) of preeclampsia. Using multivariate logistic 

regression analysis, we assessed the independent association of time periods in 4-year 

increments to preeclampsia, with women delivering in 1999-2002 as the reference group.
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Adjustments were made for maternal age, parity, twin gestation, ART, country of birth, 

diabetes, chronic hypertension and 1st-trimester smoking.

Results 

Main findings

Characteristics of the study population are reported in Table 1. Overall, the proportion of 

women with risk factors for preeclampsia increased during the study. Giving birth at 

35 years) increased over the study period from 14.5% in 1999-2002 to 20.4% 

in 2014-2018 (Table 1). The proportion of nulliparous women increased, and women with 

higher parity decreased. Use of assisted reproduction increased, while 1st-trimester smoking

decreased by 80% between the first and last time periods. Labor induction more than doubled 

in the study population from 1999-2002 (10.9%) to 2015-2018 (22.2%) (Table 1).

Of the 1 153 227 deliveries in the study population, 3.4% (n = 39 165) were affected 

by preeclampsia and 1.7% (n = 19 937) were affected by gestational hypertension (Table 2). 

The prevalence of preeclampsia was highest in the first time period in 1999-2002 (4.3%, CI 

4.23, 4.44) with decreasing prevalence across successive time periods to 2.7% (CI 2.62, 2.75)

in 2015-2018. Gestational hypertension prevalence had a transient increase from 1.5% (CI 

1.42, 1.52) in 1999-2002 to 2.0% (CI 1.90, 2.01) in 2007-2010, and then progressively 

decreased to 1.6% (CI 1.55, 1.65) in 2015-2018.

Table 3 reports prevalence of preeclampsia by maternal and pregnancy characteristics 

and risk factors. Preeclampsia prevalence consistently decreased in all subgroups and time 

periods. Table 4 reports crude (OR) and adjusted odds ratios (aORs) for preeclampsia in all 

five time periods. After adjustment for risk factors for preeclampsia (maternal age, parity, 

twin pregnancy, ART, maternal country of birth, diabetes, chronic hypertension and 

smoking), a 44% decrease in the risk of preeclampsia (aOR = 0.56, 95%CI 0.54, 0.58) was 
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observed in 2015-2018 compared to years 1999-2002. This adjustment only slightly changed 

the OR from the univariate analysis (OR = 0.61, 95%CI 0.59, 0.63), suggesting that these risk 

factors did not explain the reduction in preeclampsia prevalence. 

Figure 1 juxtaposes the prevalence of hypertensive diseases of pregnancy (total, 

preeclampsia and gestational hypertension) with risk for preeclampsia over the same time 

periods to illustrate the temporal decreasing trend.

Maternal age

Preeclampsia prevalence reduced in all maternal age groups. 

preeclampsia decreased 30% from 4.2% at the start to 2.9% at the end of the study period

(Table 1 and 3).

Parity

Preeclampsia prevalence declined 38% in nulliparous women (6.4% in 1999-2002 versus 

4.0% in 2015-2018) (Table 3). There was a 43% decrease in preeclampsia among primiparous 

women (3.0 % in 1999-2002 versus 1.7% in 2015-2018) and a 37% decrease in multiparous 

women (2.7% in 1999-2002 versus 1.7% in 2015-2018).

Gestational age

Decreased prevalence of preeclampsia in both term and preterm deliveries over time was 

observed, with the highest prevalence in time period 1999-2002 (<34 weeks: 21.1%, 34-36

weeks: 14.8%, 37-44 weeks: 3.5%) and the lowest prevalence in time period 2015-2018 (<34 

weeks: 17.7%, 34-36 weeks: 11.6%, 37-44 weeks: 2.1%) (Table 3).

Multiple gestation and assisted reproduction

The prevalence of preeclampsia decreased by approximately one-third among women with 

twin gestations (13.6% versus 9.1%) and women with singleton pregnancies (4.1% versus
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2.6%) over the study period (Table 3). There was a similar reduction in preeclampsia 

prevalence among women with pregnancies resulting from assisted reproduction (7.9% versus

5.2%).

Maternal chronic diseases

Pre-gestational diabetes (type 1 and 2 diabetes) remained low and stable during the study 

period (Table 1). Preeclampsia prevalence among women with type 1 or type 2 diabetes was 

reduced from the first to the last time period by 35% and 45%, respectively (Table 3). 

Gestational diabetes increased from 0.7% at the study start to 4.9% at the study end (Table 1), 

but in these women, the prevalence of preeclampsia was significantly reduced (52%) over 

time. The prevalence of chronic hypertension was low during all study periods (< 1%), and 

preeclampsia among women with chronic hypertension decreased 31% throughout the study 

period, from 21.4% in 1999-2002 to 14.8% in 2015-2018.

Socioeconomic risk factors

The proportion of foreign-born women giving birth in Norway almost doubled during the 

study period (16.5% in 1999-2002 versus 30.2% in 2015-2018) (Table 1). The prevalence of 

preeclampsia decreased among both Norwegian-born and immigrant women, by 36% and 

39%, respectively (Table 3). There was a decreasing trend of preeclampsia prevalence among 

both smokers and non-smokers during the study period, as well as among women with 

missing data for smoking. 

Aspirin 

Aggregated data from the Norwegian Prescription Database showed an increase in aspirin 

prescriptions among women younger than 40 years old from 2004 to 2018 (Figure 2). In 15-

19 year-old women, a 146% increase in aspirin prescriptions from 2004 (0.35 per 1000 
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women) to 2018 (0.86 per 1000 women) was observed. Aspirin prescriptions increased by 

65%, 80%, 70% and 29% among women 20-24, 25-29, 30-34, and 35-39 years old, 

respectively.

Discussion

Principal findings

In the present study with a 20-year population-based data of 1 153 227 women, preeclampsia

prevalence decreased 37% between the first and last four-year time increments. This trend 

was observed despite an increasing proportion of high-risk parturients. Advanced maternal 

age and assisted reproduction, both risk factors for preeclampsia, increased during the study 

period. Conversely, 1st-trimester smoking, which is inversely associated with preeclampsia,

decreased. After adjustment for known risk factors associated with preeclampsia, 

preeclampsia risk was reduced by 44% during the study period, indicating that the observed 

population changes could not explain the decreasing risk of preeclampsia.

A previous Norwegian study using MBRN data showed an increase in preeclampsia 

prevalence from 1967 to 1999 and a decreasing trend from 2000 to 2010 [19]. The latter is in 

line with our findings of a further decreasing preeclampsia prevalence. A novel finding in our 

study is that we observed that the reduction in preeclampsia prevalence occurred in all 

subgroups of women with known risk factors, despite that the proportion of high-risk women 

increased over time. Globally, preeclampsia prevalence increased during our study period 

[20]. In low and middle-income countries, preeclampsia rates are reported to be higher than in 

high-income countries such as Norway [21]. Preeclampsia prevalence in non-European 

countries with high socioeconomic indices and comprehensive national healthcare systems 

observe conflicting results. Our findings differ from a Canadian study that observed a 

doubling of preeclampsia prevalence from 1989 to 2012 [22]. In line with our findings, 
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however, an Australian study found a decreasing prevalence of preeclampsia between 2000 

and 2008 [23].

Changes in clinical routines such as increased use of labor induction regardless of 

indication could partially explain the reduction of preeclampsia prevalence in late gestation, 

but not in the earlier gestations where induction of labor is rarely used.  Labor induction for 

pregnancies > 41 weeks gestational age has been shown to reduce the risk of adverse perinatal 

outcomes, including preeclampsia [24, 25], and has become standard care in the past decade 

[26]. Norway has not implemented elective labor induction at 39 weeks in low-risk 

nulliparous women, despite studies showing decreased risk of Cesarean delivery [27],

maternal morbidity and perinatal mortality [28] compared to expectant management. We 

observed that the temporal increase in labor induction corresponded with a temporal 

decreased prevalence of preeclampsia. 

The transient increase in gestational hypertension paralleling the reduced preeclampsia 

prevalence seen in the early years of the study, could indicate that the hypertensive disorder of 

pregnancy phenotype shifted from the more severe form (preeclampsia) to the clinically less 

severe form (gestational hypertension). However, gestational hypertension prevalence at the 

end of the study was similar to the study start (net increase of 6.7%), whereas preeclampsia 

prevalence continued to fall. This suggests a more profound effect across the hypertensive 

disorder group, where less women were affected, and with a less severe phenotype. 

Similar to current NICE guidelines [29], Norwegian national guidelines since 2014 

[30] have recommended prenatal low-dose aspirin starting at the end of the first trimester for 

preeclampsia prevention in high-risk pregnancies. As far back as 1998 [31], aspirin was 

mentioned in the Norwegian guidelines for preeclampsia prevention in parous women with a 

previous history of preeclampsia. It is thus likely that aspirin has been used in high-risk 

pregnancies before the 2014 recommendation, but at an unknown frequency. 
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Aspirin 75 mg-dose is only available by prescription in Norway. Low-dose aspirin is 

used for prevention of cardiovascular diseases in high-risk populations [32], but women of 

reproductive age rarely take aspirin for this indication [33]. Aspirin used for pain, fever and 

rheumatologic illnesses are usually prescribed at higher doses. We interpret the increased

prescriptions of 75 mg aspirin daily to women < 40 years old in Norway from 2004 to 2018 is

likely due to increased preeclampsia aspirin prevention, although specific indications for 

aspirin use were not available.

Decreased preeclampsia prevalence in the preterm groups may be associated with

increased aspirin prescriptions in women of reproductive age in the study period. However, 

the Norwegian recommendations have targeted parous women with previous obstetric 

complications, and thus probably cannot explain the 38% reduction of preeclampsia 

prevalence among the nulliparous women in our study. Although the specific 

pathophysiologic effects of aspirin in preventing especially early-onset preeclampsia remain 

unknown, a recent paper suggests that efficient aspirin prophylaxis delays the metabolic clock 

of gestation in high-risk women [34].

Mean systolic and diastolic blood pressures have decreased among women in Norway 

in all age groups over the past decades, despite a greater prevalence of overweight/obesity and 

diabetes in the population [35, 36]. The cause of this trend is unknown, but an association 

between health, wellbeing, and socioeconomic status in Norway has been reported [37]. It has 

been speculated that general health improvement over time, such as dietary changes including

reduced use of salt, may explain this trend [36]. General improvement in health behavior with 

more focus on diet, physical activity and smoking cessation may also have had an overall 

positive effect on maternal health during our study period. A general improvement in health 

resulting in fewer hypertensive complications may represent an unmeasurable confounder in 

our study.
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Strengths and limitations

The strength of this study is its large population-based dataset of 1 153 227 deliveries,

including information on the main risk factors for preeclampsia. MBRN data are considered 

suitable for research [38] with validated variables [39]. For the multivariate regression

analysis, we included biologic and socioeconomic exposure variables previously known to be 

associated with hypertensive disorders of pregnancy [9, 13, 15]. The risk of information bias 

is low, as all deliveries in Norway are registered in the MBRN with standardized recording of 

pregnancy and birth outcomes. MBRN still uses a classic definition of preeclampsia, which is 

an added strength of this large patient-based epidemiological study, as the classification of 

hypertensive disorders of pregnancy did not change over the study period. Updated definitions 

of preeclampsia that include signs of preeclampsia-associated organ dysfunction in the 

absence of proteinuria [14, 40] were not applicable in this study, as these data were not 

available. Women with preeclampsia without proteinuria were thus registered as gestational 

hypertension in the MBRN. We analyzed gestational hypertension in our study population and 

observed a minimal net positive change in prevalence during the total study period. 

Sixty-five percent of deliveries lacked BMI data, since the MBRN only started 

collecting data on pre-pregnancy height and weight in 2006. As such, BMI was not included 

in the analyses in our study, although it is a known risk factor for both early and late-onset 

preeclampsia [41].

Clinical implications

To interpret our findings in a clinical context, we investigated the temporal trends of aspirin 

prescriptions and labor induction during the study period. During our study, there was a 

parallel increase in aspirin prescriptions among women < 40 years old and an increase in 

labor induction. Both interventions – aspirin and labor induction – may improve maternal and 
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fetal health, but the optimal risk/benefit balance and targeted patient groups for preventing 

preeclampsia with these interventions merit further research. We suggest that future studies on 

elective labor induction should also investigate temporal changes in preeclampsia prevalence.

Conclusion

During the 20-year study period, we observed a decreasing trend in preeclampsia prevalence 

and risk regardless of gestational age group at delivery, parity, maternal age, maternal chronic 

disease, and socioeconomic indices. The observed demographic changes would expectedly 

have increased the overall prevalence of preeclampsia; delivering women were older, had 

lower parity, and higher rates of assisted reproduction and gestational diabetes. Other 

preeclampsia risk factors such as pre-gestational diabetes, chronic hypertension and twin 

gestation remained relatively stable during the study period. 

In conclusion, we found that measurable epidemiological changes could not account 

for the reduced preeclampsia risk in the present study. Changes in clinical routines may partly 

explain the reduction of preeclampsia prevalence, namely aspirin use for parous women and 

labor induction in term pregnancies. General health improvements on a population level may 

also have affected the results of this study.
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Table 1. Characteristics of study population, per time period (n=1 153 227 deliveries).

1999-2002
n=226 117

% (n)

2003-2006
n=225 205

% (n)

2007-2010
n=238 502

% (n)

2011-2014
n=235 687

% (n)

2015-2018
n=227 716

% (n)

Age, years

<20 2.6 (5776) 2.1 (4792) 2.3 (5555) 1.6 (3741) 1.0 (2299)

20-24 15.4 (34 792) 14.2 (31 953) 14.7 (35 119) 13.9 (32 759) 10.9 (24 883)

25-29 35.0 (79 228) 31.9 (71 733) 31.0 (73 933) 31.7 (74 807) 32.7 (74 562)

30-34 32.4 (73 368) 34.6 (77 832) 32.7 (77 884) 33.1 (78 121) 35.0 (79 620)

35-39 12.5 (28 374) 14.8 (33 400) 16.3 (38 832) 16.2 (38 243) 16.7 (38 025)

2.0 (4579) 2.4 (5495) 3.0 (7179) 3.4 (8016) 3.7 (8327)

Parity

0 40.2 (90 853) 41.2 (92 869) 42.5 (101 304) 42.3 (99 649) 42.4 (96 551)

1 35.6 (80 498) 35.7 (80 408) 35.4 (84 519) 36.6 (86 287) 37.1 (84 590)

24.2 (54 766) 23.1 (51 928) 22.1 (52 679) 21.1 (49 751) 20.5 (46 575)

Twin gestation 1.8 (4103) 1.8 (4130) 1.7 (4069) 1.6 (3833) 1.6 (3586)

Assisted reproduction 1.6 (3603) 2.2 (4955) 2.8 (6625) 3.1 (7362) 4.0 (9222)

Diabetes

Type 1 0.4 (949) 0.5 (1068) 0.5 (1120) 0.5 (1090) 0.4 (981)

Type 2 0.2 (432) 0.3 (705) 0.4 (929) 0.3 (824) 0.4 (806)

Gestational 0.8 (1774) 0.9 (2044) 1.4 (3437) 2.8 (6614) 4.9 (11 236)

Chronic hypertension 0.7 (1483) 0.5 (1016) 0.6 (1388) 0.6 (1345) 0.5 (1189)

Country of birth

Norway 83.4 (188 692) 81.4 (183 379) 78.2 (186 419) 73.1 (172 375) 69.8 (158 954)

Other 16.6 (37 425) 18.6 (41 826) 21.8 (52 083) 26.9 (63 312) 30.2 (68 762)

Smoking, 1st trimester

No 64.7 (146 208) 67.3 (151 572) 72.7 (173 341) 78.3 (184 569) 87.2 (198 671)

Sometimes 2.2 (4900) 1.7 (3797) 1.4 (3440) 1.1 (2702) 0.7 (1688)

Daily 18.1 (40 990) 12.8 (28 726) 9.5 (22 584) 6.5 (15 244) 3.3 (7433)

Missing 15.0 (34 019) 18.3 (41 110) 16.4 (39 137) 14.1 (33 172) 8.7 (19 924)

Labor induction 10.9 (24.693) 13.6 (30 594) 16.3 (38 828) 20.0 (47 064) 22.2 (50 649)
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Table 2. Prevalence of hypertensive disorders in pregnancy in the study population, per time 
period (n = 1 152 227 deliveries).

1999-2002
% (n)

CIa

2003-2006
% (n)

CI

2007-2010
% (n)

CI

2011-2014
% (n)

CI

2015-2018
% (n)

CI

Preeclampsia 4.3 (9755)
CI 4.23-4.44

3.8 (8561)
CI 3.72-3.89

3.4 (8121)
CI 3.33-3.47

2.8 (6613)
CI 2.74-2.87

2.7 (6115)
CI 2.62-2.75

Gestational hypertension 1.5 (3327)
CI 1.42-1.52

1.8 (4128)
CI 1.78-1.89

2.0 (4665)
CI 1.90-2.01

1.8 (4169)
CI 1.71-1.82

1.6 (3648)
CI 1.55-1.65

Preeclampsia and 
gestational hypertension

5.8 (13 082)
CI 5.69-5.88

5.6 (12 689)
CI 5.53-5.72

5.4 (12 786)
CI 5.27-5.45

4.6 (10 782)
CI 4.45-4.66

4.3 (9763)
CI 4.20-4.37

a CI: 95% confidence interval
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Table 3. Prevalence of preeclampsia (%) in the subgroups of women in time periods (n = 1 
152 227 deliveries).

1999-2002 2003-2006 2007-2010 2011-2014 2015-2018

Age, years

<20 5.2 (302) 5.2 (250) 4.9 (270) 5.2 (194) 4.5 (103)

20-24 5.0 (1740) 4.5 (1446) 3.9 (1379 3.5 (1149) 3.3 (818)

25-29 4.4 (3458) 3.8 (2736) 3.3 (2472) 2.7 (2013) 2.7 (2007)

30-34 3.9 (2868) 3.4 (2623) 3.1 (2383) 2.4 (1860) 2.3 (1828)

35-39 4.1 (1163) 3.8 (1254) 3.4 (1332) 2.7 (1050) 2.7 (1021)

4.9 (224) 4.6 (252) 4.0 (285) 4.3 (347) 4.1 (338)

Parity

0 6.4 (5820) 5.5 (5147) 4.8 (4892) 4.1 (4116) 4.0 (3855)

1 3.0 (2437) 2.7 (2135) 2.4 (2053) 1.9 (1603) 1.7 (1471)

2.7 (1498) 2.5 (1279) 2.2 (1176) 1.8 (894) 1.7 (789)

Gestational age, weeks

21.1 (963) 21.1 (914) 19.4 (854) 19.2 (756) 17.7 (633)

34-36 14.8 (1490) 14.0 (1395) 12.5 (1276) 11.1 (1037) 11.6 (1053)

37-44 3.5 (7302) 3.0 (6252) 2.7 (5991) 2.2 (4820) 2.1 (4429)

Singleton gestation 4.1 (9197) 3.6 (8049) 3.3 (7682) 2.7 (6208) 2.6 (5788)

Twin gestation 13.6 (558) 12.4 (512) 10.8 (439) 10.6 (405) 9.1 (327)

Assisted reproduction 7.9 (285) 7.4 (366) 6.5 (430) 4.9 (361) 5.2 (483)

Diabetes

Type 1 19.1 (181) 14.0 (150) 14.3 (160) 13.0 (142) 12.4 (122)

Type 2 11.1 (48) 7.5 (53) 10.4 (97) 7.3 (60) 6.1 (49)

Gestational 9.9 (175) 8.9 (181) 7.0 (240) 5.3 (352) 4.8 (542)

Chronic hypertension 21.4 (318) 21.8 (221) 20.7 (287) 17.1 (230) 14.8 (176)

Country of birth

Norway 4.5 (8409) 4.0 (7269) 3.6 (6699) 3.0 (5156) 2.9 (4591)

Other 3.6 (1346) 3.1 (1292) 2.7 (1422) 2.3 (1457) 2.2 (1524)

Smoking, 1st trimester

No 4.5 (6591) 3.9 (5881) 3.6 (6196) 2.9 (5373) 2.7 (5437)

Sometimes 3.7 (181) 3.4 (130) 2.8 (95) 3.0 (81) 2.2 (37)

Daily 3.5 (1427) 3.3 (953) 3.0 (671) 2.5 (379) 2.1 (154)

Missing 4.6 (1556) 3.9 (1597) 3.0 (1159) 2.4 (780) 2.4 (487)
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Table 4. Risk of preeclampsia in time periods, crude and adjusted odds ratios (n = 1 152 227
deliveries).

Crude 
OR (95%CI)a

Adjustedb

OR (95%CI)
Time period

1999-2002 Ref Ref

2003-2006 0.88 (0.85-0.90) 0.86 (0.83-0.89)

2007-2010 0.78 (0.76-0.81) 0.74 (0.72-0.77)

2011-2014 0.64 (0.62-0.66) 0.60 (0.58-0.62)

2015-2018 0.61 (0.59-0.63) 0.56 (0.54-0.58)
a OR (95%CI): Odds ratio (95% confidence interval)
b Adjusted for maternal age, parity, twin gestation, assisted reproduction, maternal country of birth, diabetes, 
chronic hypertension, 1st-trimester smoking
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Figure 1. Prevalence of hypertensive disorders of pregnancy (total, preeclampsia, gestational 
hypertension) and risk of preeclampsia, per time period (n = 1 152 227 deliveries).

%: percent, OR: odds ratio, 95% CI: 95% confidence interval, cOR: crude odds ratio, aOR: adjusted odds ratio
(adjusted for maternal age, parity, twin gestation, assisted reproduction, maternal country of birth, diabetes, 
chronic hypertension, 1st-trimester smoking), HDP: hypertensive disorders of pregnancy (preeclampsia and 
gestational hypertension), PE: preeclampsia. GH: gestational hypertension.

Figure 2. Aspirin prescriptions among women in Norway by age group.

yrs: years old


