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Abstract There is increasing evidence that pre-eclampsia,

a principal cause of maternal morbidity, may also be a risk

factor for future cardiovascular and cerebrovascular events.

This review aimed to assess the current evidence and

quantify the risks of cardiovascular disease (CVD), cere-

brovascular events and hypertension associated with prior

diagnosis of pre-eclampsia. Medline and Embase were

searched with no language restrictions, as were core journals

and reference lists from reviews up until January 2012.

Case–control and cohort studies which reported cardiovas-

cular and cerebrovascular diseases or hypertension diag-

nosed more than 6 weeks postpartum, in women who had a

history of pre-eclampsia relative to women who had unaf-

fected pregnancies, were included. Fifty articles were

included in the systematic review and 43 in the meta-anal-

ysis. Women with a history of pre-eclampsia or eclampsia

were at significantly increased odds of fatal or diagnosed

CVD [odds ratio (OR) = 2.28, 95 % confidence interval

(CI): 1.87, 2.78], cerebrovascular disease (OR = 1.76, 95 %

CI 1.43, 2.21) and hypertension [relative risk (RR) = 3.13,

95 % CI 2.51, 3.89]. Among pre-eclamptic women, pre-term

delivery was not associated with an increased risk of a future

cardiovascular event (RR = 1.32, 95 % CI 0.79, 2.22).

Women diagnosed with pre-eclampsia are at increased risk

of future cardiovascular or cerebrovascular events, with an

estimated doubling of odds compared to unaffected women.

This has implications for the follow-up of all women who

experience pre-eclampsia, not just those who deliver pre-

term. This association may reflect shared common risk fac-

tors for both pre-eclampsia and cardiovascular and cere-

brovascular disease.

Keywords Pre-eclampsia � Cardiovascular disease �
Cerebrovascular disease � Hypertension

Introduction

Pre-eclampsia is a pregnancy specific syndrome and a

principal cause of maternal morbidity, occurring in 2–8 %

of pregnancies and accounting for up to 15 % of maternal

deaths [1]. There is increasing evidence that the harmful

effects of pre-eclampsia on a woman’s health may not be

restricted to the pregnancy period, but that this hyperten-

sive disorder of pregnancy could represent an important

risk factor for future cardiovascular and cerebrovascular

events [2, 3]. It is important to further investigate this

association as cardiovascular disease (CVD) is globally the

most common cause of death in women [4].

Potential explanations for the association between pre-

eclampsia and CVD are debated. It has been proposed that

persisting endothelial damage caused by pre-eclampsia

may result in an increased risk of CVD [5]. Alternatively,

an unfavourable cardiovascular risk profile characterised
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by higher levels of glucose, cholesterol, hypertension and

abdominal obesity may contribute to both the development

of pre-eclampsia and CVD in later life [6, 7].

Although a lack of agreement has existed surrounding

its classification [8], since 2001 the International Society

for the Study of Hypertension in Pregnancy (ISSHP) has

advocated that pre-eclampsia be defined as new onset

hypertension (C140/90 mmHg) in combination with the

appearance of proteinuria ([0.3 g/24 h) after 20 weeks

gestation [9]. However, with almost a third of women with

pre-existing hypertension developing superimposed pre-

eclampsia during pregnancy [10], accurate classification

may not be possible until several weeks after the birth [11].

National guidance in England recommends that women

who experience pre-eclampsia, and their primary care

physicians, be informed of the increased risk of developing

high blood pressure and its related complications [12], and

in the US, the American Heart Association (AHA) advise

that women with a history of hypertensive disorders of

pregnancy be referred for assessment and modification of

cardiovascular risk factors [13]. There is a need for quan-

tifiable risk information to enable effective management

and accurate risk information to be passed on to women

with a history of pre-eclampsia and the physicians involved

in their care [8].

Previous meta-analyses have reported that after pre-

eclampsia, women are at approximately double the risk of

developing cardiovascular or cerebrovascular diseases and

more than three times the risk of developing hypertension

[2, 3]. Severity, as defined both by onset before 37 weeks

gestation [2], and pre-eclampsia in combination with fur-

ther complications (eclampsia/pre-term delivery/poor fetal

growth/fetal death), may be associated with an even greater

risk of CVD later in life [2, 3]. We conducted a systematic

review and meta-analysis of observational studies to assess

the current evidence, to quantify the risks of cardiovascular

and cerebrovascular events that may follow a diagnosis of

pre-eclampsia and to investigate the effect of pre-eclampsia

severity on risk.

Methods

Search strategy and study selection

The systematic review was conducted according to pub-

lished guidelines for meta-analysis of observational studies

in epidemiology (MOOSE) [14]. Medline and Embase

were searched from January 2006 to January 2012 inclu-

sive. A search strategy was compiled using keywords for

the exposure (e.g. pre-eclampsia, pregnancy induced

hypertension), the outcome (e.g. cardiovascular, cardiac,

coronary, heart, myocardial infarction, death, mortality,

stroke) and exploded subject headings (pregnancy-induced

hypertension, pregnancy toxaemia, cardiovascular dis-

eases) for each database. A detailed list of terms is avail-

able from the authors. There were no language restrictions

to the search. Studies prior to 2006 were identified from

previously published meta-analyses [2, 3], supplemented

by an additional search using exploded subject headings.

Manual searching of core journals and citation lists of

relevant articles and reviews was also carried out from

2006 onwards.

Case–control and cohort studies were included. Articles

were included if they reported cardiovascular outcomes in

women of any age or parity who had a history of pre-

eclampsia and were compared to women who had

uncomplicated/normotensive pregnancies. Articles were

included if they stated they were investigating women with

pre-eclampsia, regardless of the explicit definition of pre-

eclampsia. Primary outcomes were: fatal and diagnosed/

reported cardiovascular events (ischaemic heart disease

including myocardial infarction, angina pectoris, coronary

failure and insufficiency and atherosclerosis); fatal and

diagnosed/reported cerebrovascular disease (ischaemic and

haemorrhagic stroke); and hypertension. Only studies

reporting these outcomes beyond 6 weeks postpartum were

included.

Data extraction and quality assessment

A data extraction form was piloted before continuing to

extract study characteristics and quality assessment vari-

ables for each of the included studies. Data extraction was

completed by two reviewers (M. B. and K. B.). Where

required, authors were contacted for additional information.

Studies for all outcomes were classed as higher quality if

they satisfied all of the following criteria: pre-eclampsia

was explicitly defined as hypertension (BP C 140/

90 mmHg) in combination with proteinuria (0.3 g/24 h)

after 20 weeks gestation [9]; pre-eclampsia diagnoses were

taken from medical records as opposed to patient self-

report; and CVD and cerebrovascular disease diagnoses

were identified from physical examination, medical records

or death certificates as opposed to patient self report, while

hypertension (BP C 140/90 mmHg) at follow-up was

identified in studies which used either physical examina-

tion alone, or studies which detected hypertension through

physical examination and/or current use of anti-hyperten-

sives or a previous diagnosis from medical records.

Meta-analysis

Separate meta-analyses were performed for the three out-

comes. All three models used random effects and were

generated using the inverse variance method to better
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account for heterogeneity between studies [15]. Raw

numbers were extracted from each paper and unadjusted

odds ratios (ORs) were calculated and pooled in the meta-

analyses. Where cohort studies alone were included, a

pooled relative risk (RR) was similarly estimated. Where

multiple studies had analysed the same set or subset of

study participants for matching outcomes, only the original

study was incorporated into the meta-analysis unless the

most recent paper included additional participants. Where

both outcomes were reported, the number of diagnoses as

opposed to the number of fatalities was used in the meta-

analysis. Studies that reported composite figures of car-

diovascular or cerebrovascular events were not included in

the meta-analyses.

Separate analysis was carried out on articles that reported

the number of pre-term deliveries (\37 weeks gestation), as

an indicator of more severe pre-eclampsia. A pooled RR

was calculated to determine the risk of future cardiovascular

events occurring in women with pre-eclampsia and pre-

term delivery compared to pre-eclampsia alone.

Heterogeneity and publication bias

Heterogeneity between all studies was tested using Coch-

ran’s Q test and further quantified using the I2 statistic,

where I2 [ 50 % indicated significant heterogeneity [16].

To further identify origins of heterogeneity, separate esti-

mates for case–control and cohort studies were also cal-

culated, as were individual estimates for fatalities and

diagnoses. Publication bias was investigated by examining

funnel plots and by performing Egger’s test.

Sensitivity analysis

A further sub-group analysis was performed to compare

higher quality studies (as defined previously) with those

that did not meet these criteria.

Statistical analyses were performed using the statistical

software package Stata, version 11 (StataCorp, College

Station, TX, USA) and p \ 0.05 was considered statisti-

cally significant.

Results

Systematic review

A total of 244 potentially relevant articles were identified

(Fig. 1). After screening abstracts and full texts according

to the inclusion criteria, 31 papers since 2006 were identi-

fied; eight with CVD, five with cerebrovascular disease and

18 with hypertension as an outcome. A further 26 articles

were identified from previous systematic reviews and no

additional papers pre-2006 were identified from the sup-

plementary search. Two papers included in previous

reviews were excluded from the current meta-analysis: one

reported pre-eclampsia as part of a composite group of

maternal placental syndromes [17]; another did not provide

data for women with uncomplicated, normotensive preg-

nancies [18]. Therefore, 55 articles which reported on 46

studies, the majority of which were conducted in the US or

Northern Europe were included. Five papers reported

duplicate data [19–23]. Here the original paper was used

unless the most recent reported a larger sample. Two papers

reported different data from the Royal College of General

Practitioners’ (RCGP) Oral Contraception Study [24, 25],

and Lykke et al. [26, 27] used the same Danish population

data to report CVD morbidity and CVD mortality.

Thus 50 papers were included in the systematic review,

including eight case–control studies and 42 cohort studies.

Of these, 43 were included in the meta-analyses (seven

case–control studies, 36 cohorts) (Fig. 1). Two papers were

excluded due to the reporting of a composite outcome of

CVD and cerebrovascular disease [28, 29], one paper with

no reported hypertensive outcomes in any patients [30],

three where the numbers could not be confirmed [31–33],

and one presenting death data on the same cohort for which

diagnosis data was previously available[27]. The paper by

Wilson et al. [34] reported both diagnoses and fatalities for

cardiovascular and cerebrovascular outcomes so the diag-

noses figures were used. Freibert et al. [35] presented self-

reported data for a number of CVD outcomes and as a

combined category could not be provided, only the data for

heart attacks was used.

Of those studies that reported a mean/median age of

participants, these ranged from 25 to 60 years old. Mean/

median follow-up in cohorts ranged from 225 days to

37 years.

Appraisal of study quality

Cardiovascular disease Eighteen articles (five case–con-

trol, 13 cohort) reported CVD outcomes (Table 1). These

articles reported myocardial infarction diagnosis [35–37],

coronary artery disease diagnosis [33, 38–40], coronary

heart disease diagnosis [31], first diagnosis of ischaemic

heart disease [25, 26], both deaths and diagnosis of

ischaemic heart disease [34, 41, 42], and cardiovascular

death [27, 43–45].

Cardiovascular outcomes were most commonly identi-

fied through International Classification of Diseases (ICD)

codes on discharge or death registries. Eight of 18 studies

identified pre-eclamptic women through antenatal medical

records [26, 27, 34, 41–45]. Five of the 18 studies defined

pre-eclampsia in line with the ISSHP definition [31, 34, 38,

39, 45], but two of these proceeded to identify women with

Cardiovascular disease risk 3
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pre-eclampsia using a patient survey only [31, 38]. Overall

two of the 18 studies satisfied all of the quality criteria [34,

45], meaning it was not possible to conduct a sub-group

analysis using all of these quality criteria. Therefore, for

the cardiovascular outcome, we also included studies that

defined pre-clampsia as both hypertension (BP C 140/

90 mmHg) and significant proteinuria. Of the 16 remain-

ing studies, seven met these less stringent quality criteria

[26, 34, 41–45], and were included in the sub-group

analysis.

Cerebrovascular disease Cerebrovascular outcomes

were reported in nine articles: three case–control studies

[46–48], and six cohort studies (Table 2) [25, 26, 31, 32,

34, 44]. Disease diagnoses were reported by four studies

and this included diagnosis of stroke [26, 31], diagnosis of

atherothrombotic occlusive vascular disease [47], and first

cerebral infarction [46]. Cerebrovascular disease death was

reported by two studies [44, 48], and three provided data

for both deaths and diagnoses [25, 32, 34].

To identify cerebrovascular outcomes, the majority of

papers reviewed medical records or death registries for the

relevant ICD codes [26, 32, 34, 44, 46–48]. Five studies

confirmed a history of pre-eclampsia by reviewing medical

records [26, 32, 34, 44, 47]. Only two papers used the

ISSHP criteria to identify women with pre-eclampsia [34,

47]. We therefore also included papers that defined pre-

eclampsia as both hypertension (BP C 140/90 mmHg) and

significant proteinuria. Using these new criteria, four

studies with cerebrovascular outcomes were included in the

sub group meta-analysis [26, 34, 44, 47].

Hypertension Hypertension was reported by 32 papers,

all of which were cohort studies (Table 3). Hypertension

was often not the main outcome of the study. To diagnose

hypertension at follow-up, just over half of the studies

measured blood pressure during a physical examination [6,

34, 49–64]. Patient recall (either current medication and/or

previous diagnoses) was also a common method.

On the whole, patients were identified or recruited

prospectively from hospital/maternity records. Although

eighteen of the papers defined pre-eclampsia as BP C 140/

90 mmHg and proteinuria [0.3 g/24 h after 20 weeks

gestation [19, 20, 31, 34, 39, 52–55, 57, 58, 60–66], only

12 met the quality criteria including ISSHP definition [34,

52–55, 57, 58, 60, 62–64, 66].

Fig. 1 Process of study selection

4 M. C. Brown et al.

123



Table 1 Characteristics of studies in systematic review for risk of cardiovascular disease outcomes after pre-eclampsia

Author Outcomes

reported

Recruitment Pre-eclampsia definition;

source of data

Outcome definition;

source of data

Duration of

follow-up

Mean age at

follow-up

(years)

Case-control

Mann et al.

[36]

UK—

England

Non-fatal

myocardial

infarction

(MI)

Hospital-based case

control study

None specified; patient

interviews/

questionnaires

Hospital admission

for MI

N/A \45 at

admission

Rosenberg

et al. [37]

USA

First non-fatal

MI

Hospital-based case

control study

None specified; patient

interviews

Diagnosis met

WHO criteria for

MI; hospital

admission

N/A Range

25–49.

Median

cases 44;

controls 42

Croft and

Hannaford

[24]

UK—

England

First MI Cases experienced first

acute MI while on

RCGP Oral

Contraception Study

ICD 8th revision codes,

but GP not given

specific definition; GP

medical record

ICD codes 8th

revision codes.

No specific

criteria given to

GP; GP medical

records

N/A 50 women

\44 and

108 [45

Haukkamma

et al. [38]

Finland

Coronary artery

disease

(CAD)

Cases diagnosed at a

university hospital.

Controls attended

private gynaecological

clinic

BP C 140/90, protein

0.3 g after 20 weeks

gestation; patient

questionnaire

Diagnosis of CAD

if angiography

showed stenosis of

[50 % in 1–3

coronary arteries;

physical

examination

N/A \66. Median

cases 55;

52 controls

Saldarriaga

[33]

Columbia

Coronary Heart

Disease

(CHD)

Women who had

undergone coronary

angiograph at a

cardiovascular clinic.

Cases were those with

CHD. Controls were

those who had cardiac

catheterisation but no

significant lesions on

angiography

None specified; patient

interviews and review of

medical records

CHD determined by

presence of

significant lesions

on angiography;

physical

examination

N/A \55. Mean

cases 49.5;

46.5

controls

Cohort

Hannaford

et al. [25]

UK—

England

Total

Ischaemic

heart disease

(IHD)

Women from the RCGP

Oral Contraception

Study

None specified; GP

medical record

No specific

classification

given to GP; GP

medical records

Up to

26 years

Mean 29 at

recruitment

Irgens et al.

[44]

Norway

Cardiovascular

death

Data from medical birth

register of all births in

Norway since 1967

Pre-eclampsia (not

defined) and all

pregnancies in which

both hypertension

induced by pregnancy

and proteinuria were

recorded; medical birth

registry

ICD 8th/9th

Revision codes;

cause of death

register

Median

13 years;

range 0–25

N/A

Smith et al.

[41] UK—

Scotland

IHD death All singleton first births in

Scotland between 1981

and 1985

Non pre-existing

hypertension with

albuminuria, oedema or

both; The Scottish

Morbidity Records—

maternity

ICD 9th/10th

revision codes;

general registrars

office database

Range

15–19 years

Median 38.5

Wilson et al.

[34]

UK—

Scotland

Total IHD All preeclamptics/

eclamptics during first

singleton birth from

1951 to 1970

BP C –, 90, protein 0.3 g

after 20 weeks

gestation; maternity

databank

ICD 9th/10th

revision codes;

death registry,

hospital discharge

registry

N/A Mean 60

Cardiovascular disease risk 5
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Table 1 continued

Author Outcomes

reported

Recruitment Pre-eclampsia definition;

source of data

Outcome definition;

source of data

Duration of

follow-up

Mean age at

follow-up

(years)

Funai et al.

[43]

Israel

CVD death Surveillance of labour

ward logbooks for

pregnancy

complications in

obstetric units from

1964 to 1976

BP C 140/90, ?1 protein.

Pre-existing

hypertension excluded;

labour ward logbooks

ICD 9th revision

codes; population

death registry

Median

30 years

range;

24.5–36.5

Median 53

Kaaja et al.

[40]

Finland

CAD Data from cross-sectional

population survey

(FINRISK)

BP C 140/90, Protein not

specified; patient

questionnaire

Patient self-report

in last 12 months;

patient

questionnaire

28 Mean pre-

eclampsia

(PE) group

48; control

group 46;

range

25–64

Wikstrom

et al. [42]

Sweden

Fatal and non-

fatal IHD

First singleton births from

birth register of all

births in Sweden for

1973–1986.

Mild: BP C 140/90,

protein 0.3 g; severe – /

110, 0.5 g. Excluded

women with essential

hypertension; medical

birth register

ICD 9th/10th

revision codes;

hospital discharge

registry, cause of

death registry

Mean

15 years

Median 48;

range

33–75

Haukkamaa

[39]

Finland

CAD Data from population

cross-sectional survey

(health 2000 survey)

BP C 140/90, protein

0.3 g after 20 weeks

gestation; patient survey

Patient self-report;

patient interview

N/A Mean 57;

range

45–74

Lykke et al.

[26]

Denmark

First diagnosis

of IHD and

congestive

heart failure

All singleton deliveries in

Denmark from 1

January 1978 to 1

October 2007

ICD 8th/10th revision

codes: severe pre-

eclampsia and mild pre-

eclampsia (pregnancy-

induced hypertension

with significant

proteinuria); discharge

diagnoses in national

patient registry

ICD 8th/10th

revision codes

national patient

registry and cause

of death registry

Median

14.6 years;

range

0.25–30.20

Mean 41.6

Garovic et al.

[31]

USA

CHD Women who were part of

the Family Blood

Pressure Programme

study (FBPP)

BP C 140/90 and

proteinuria after

20 weeks gestation;

patient questionnaire

Patient self-report;

patient interview

N/A Estimated at

70 years

Lykke et al.

[27]

Denmark

CVD death As above ICD 8th/10th revision

codes as above;

discharge diagnoses in

national patient registry

ICD 8th/10th

revision codes;

as above

Median

14.8 years;

range

0.25–30.20

Mean 41.6

Mongraw-

Chaffin

et al. [45]

USA

CVD death Women enrolled in the

Child Health and

Development Studies

(CHDS) cohort with

singleton pregnancy

between 1959 and 1967

BP C 140/90, protein

0.3 g after 20 weeks

gestation; medical

records from cohort

study

ICD 7th/10th

revision codes;

California Vital

Status

Median

37 years

Median 56

Freibert et al.

[35]

USA

CVD diagnoses Data from the 2006 to

2008 Kentucky

Women’s Health

Registry

High blood pressure

during pregnancy;

patient questionnaire

Patient self-report

of angina, heart

attack, heart

failure,

arrhythmia;

patient

questionnaire

N/A [50 Mean

PE group

58; mean

control

group 60
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Table 2 Characteristics of studies in systematic review for risk of cerebrovascular disease outcomes after pre-eclampsia

Author Outcomes

reported

Recruitment Pre-eclamspia definition;

source of data

Outcome definition;

source of data

Duration of

follow-up

Mean age at

follow-up

(years)

Case–control

Thorogood

et al. [48]

UK—

England

and

Wales

Cerebrovascular

disease deaths

All cerebrovascular

deaths between Jan

1986 and Dec 1988.

Controls randomly

selected from same GP

practitioners

Any history of raised BP

during pregnancy; GP

interview—confirmed

through clinical notes

ICD codes 9th

revision; death

registry—diagnosis

confirmed through

clinical notes/

postmortem reports

N/A Range 16–39

Brown

et al. [46]

USA

First cerebral

infarction

Data from a large

population based case

control study. Women

hospitalised with first

cerebral infarction.

Controls recruited by

random digit dialling

BP C 140/90, protein

0.3 g during gestation;

patient interview

ICD codes 9th

revision; hospital

admission

Range

42 days–

3 years

Range 15–44

Ben-Ami

et al. [47]

Israel

Atherothrombotic

occlusive

vascular disease

(AOVD)

Cases attended a

medical centre due to

documented AOVD.

Controls recruited

from gynecology

clinics

BP C 140/90 and

proteinuria after

20 weeks gestation;

questionnaire—then

confirmed against

hospital records

ICD codes 9th

revision hospital;

admission for

AOVD

N/A Cases 43;

controls 42

Cohort

Hannaford

et al. [25]

UK—

England

Total

cerebrovascular

disease

Women from the RCGP

Oral Contraception

Study

No specific classification

given to GP; medical

checklist completed by

GP

No specific

classification given

to GP; medical

record completed by

GP

Up to

26 years

Mean 29 at

recruitment

Irgens et al.

[44]

Norway

Stroke death Data from medical birth

register of all births in

Norway since 1967

Pre-eclampsia (not

defined) and all

pregnancies in which

both hypertension

induced by pregnancy

and proteinuria were

recorded; medical birth

registry

ICD codes 8th/9th

revision; cause of

death register

Median

13 years;

range 0–25

N/A

Wilson

et al. [34]

UK—

Scotland

Total

cerebrovascular

disease—deaths

and hospital

admissions

All preeclamptics/

eclamptics during first

singleton birth from

1951 to 1970 at

maternity hospital in

Aberdeen

BP C –,90, protein 0.3 g

after 20 weeks

gestation; maternity

databank

ICD codes 9th/10th

revision; death

registry and hospital

discharge registry

N/A Mean

60 years

Lykke et al.

[26]

Denmark

First diagnosis of

stroke

All singleton deliveries

in Denmark from 1

January 1978 to 1

October 2007

ICD 8th/10 th revision

codes: severe pre-

eclampsia and mild

pre-eclampsia

(pregnancy induced

hypertension with

significant

proteinuria); discharge

diagnoses in national

patient registry

ICD codes 8th/10th

revision; national

patient registry and

cause of death

register

Median

14.6 years;

range

0.25–30.20

Mean 41.6

Cardiovascular disease risk 7
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Meta-analysis

Cardiovascular disease

Women who experienced pre-eclampsia were at more than

twofold increased odds of CVD later in life (OR = 2.28,

95 % CI 1.87, 2.77) (Fig. 2). There was a high degree of

heterogeneity between the 14 studies (I2 = 78.9 %,

p \ 0.001) but there was no evidence of bias (p = 0.166).

The 11 cohort and four case–control articles had similar

ORs (OR = 2.24, 95 % CI 1.80, 2.80 and OR = 2.57,

95 % CI 1.49, 4.45, respectively) but cohort studies

accounted for more heterogeneity than case–control studies

(I2 = 82.5 vs 66.8 %). The odds of a fatal outcome [41,

43–45] were greater than the odds of a diagnosis [24–26,

34, 36–40, 42] (OR = 2.89, 95 % CI 1.71, 4.89 and

OR = 2.01, 95 % CI 1.68, 2.41; respectively) and fatal

outcomes had greater heterogeneity between studies than

diagnosed outcomes (I2 = 83.0 vs 64.9 %).

Cerebrovascular disease

Women who previously experienced pre-eclampsia were at

increased odds of a cerebrovascular event (OR = 1.77,

95 % CI 1.43, 2.21) (Fig. 3). While there was no strong

evidence of bias (p = 0.209) or heterogeneity (I2 =

48.2 %; p = 0.072) between studies, the pooled effect size

of the three case–control studies (OR = 2.46, 95 % CI

1.35, 4.49) was slightly greater than that of the four cohort

studies (OR = 1.60, 95 % CI 1.48, 1.74). The two studies

investigating fatal cerebrovascular disease [44, 48], and

the five analysing cerebrovascular disease diagnosis [25,

26, 34, 46, 47], had very similar pooled effect sizes

(OR = 1.75, 95 % CI 1.37, 2.24 and OR = 1.73 95 % CI

0.88, 3.40, respectively).

Hypertension

Women who previously experienced pre-eclampsia were at

increased risk of developing hypertension (RR = 3.13,

95 % CI 2.51, 3.89) (Fig. 4). There was a high degree of

heterogeneity between studies (I2 = 88.6 %; p \ 0.001)

but there was no evidence of publication bias (p = 0.854).

Pre-term delivery

Three articles reported CVD outcomes for women who had

pre-eclampsia and delivered pre-term relative to those who

had pre-eclampsia only [26, 41, 42]. Among women with

pre-eclampsia, there was no evidence that women who

delivered pre-term had greater odds of CVD (RR = 1.32,

95 % CI 0.79, 2.22) (Fig. 5). There was significant hetero-

geneity between the three studies (I2 = 75.5 %; p = 0.017)

but there was no evidence of bias (p = 0.881). There were

not enough studies to analyse the added effect of pre-term

delivery in the other outcomes.

Sensitivity analysis

Cardiovascular disease

There remained a twofold increased odds of CVD when the

higher quality studies (OR = 2.26, 95 % CI 1.71, 3.00) and

the lower quality studies were considered separately (OR

= 2.27, 95 % CI 1.71, 2.99). However there was greater

heterogeneity between the higher quality studies (I2 = 89.0

vs 40.5 %).

Cerebrovascular disease

The pooled ORs were similar for the higher quality studies

(OR = 1.81, 95 % CI 1.19, 2.76 vs OR = 1.88, 95 % CI

Table 2 continued

Author Outcomes

reported

Recruitment Pre-eclamspia definition;

source of data

Outcome definition;

source of data

Duration of

follow-up

Mean age at

follow-up

(years)

Tang et al.

[32]

Taiwan

Total stroke A population-based

study cohort of

1,136,477 birth

records for years

1990–2003

ICD 9th revision codes

642.4 and 642.7

(which includes pre-

eclampsia

superimposed on

existing hypertension);

discharge diagnoses of

delivery

ICD 9th revision

codes for :

haemorraghic stroke

430–432; ischaemic

stroke 433.437;

national health

insurance claims

dataset

Range

6 weeks–

12 months

Range 15–50

Garovic

et al. [31]

USA

Diagnosis of

stroke

Women who were part

of the Family Blood

Pressure Programme

study (FBPP)

BP C 140/90 and

proteinuria after

20 weeks gestation;

patient report in

pregnancy

questionnaire

Patient self report of

stroke or cerebral

haemorrhage;

patient interview

N/A Estimated at

70
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Table 3 Characteristics for studies in systematic review for risk of hypertensive outcomes after pre-eclampsia

Author Outcomes
reported

Recruitment Pre-eclampsia definition
and source of data

Outcome definition and
source of data

Duration of follow-
up

Mean age at
follow-up

(years)

Adams and
MacGillivray

[49]

UK

Hypertension Aberdeen Maternity
Hospital records from

1938 to 1943 reviewed for
primiparae under the age

of 30 who still resided in

Aberdeen in 1958–59

BP C –, 90, protein 0.25 g
with blood pressure

falling to normal in the
puerperium; maternity

records

BP C –, 90 mmHg;
physical examination

Range 15–21 years Range 35–50

Epstein [50]

USA

Hypertension White women who
delivered with diagnosis

of toxaemia of pregnancy.

Controls delivered at same
hospital

Hypertension, proteinuria
and oedema in last

trimester (pre-existing

hypertension excluded);
maternity records

BP C 150/90 mmHg;
physical examination

Range 12–17 years.
Mean 15

Mean 45

Sibai et al. [66]

USA

Hypertension Women who delivered with

a diagnosis of severe pre-
eclampsia or eclampsia

during first pregnancy,

followed by normal blood
pressure within 8 weeks

of delivery and with at
least one subsequent

pregnancy beyond 20 wks

gestation

BP C 160/110, protein 3?

after 20 weeks gestation;
maternity records

Documented

hypertension and
receiving medication;

patient records from

hospital/medical
providers

Range 2–24. Mean

cases 7 years;
controls 8 years

N/A

Carleton et al.
[51]

USA

Hypertension Women who had diagnosis
of pre-eclampsia and

enrolled in the Kaiser

health plan in 1982.
Matched controls

randomly selected from
log of deliveries

BP C –, 85, protein 0.1 g;
maternity records

BP C –, 90 mmHg;
physical examination

Average of
10 years

\25 at
recruitment

Nisell et al. [52]

Sweden

Hypertension All women who had

preeclamptic deliveries at

a hospital in 1986.
Controls were women

who had experienced

normal pregnancy during
same year

Mild: BP C 140/90,

protein 0.3–3 g; severe:

[160/110 and/or protein
[0.3 g/24 after 20 weeks

of pregnancy; medical

records

BP C –, 90 mmHg

and/or on

antihypertensive
medication; physical

examination

7 years Mean PE group

29; controls

30 at
delivery

North et al. [53]

New Zealand

Hypertension Samoan primiparous

preeclamptics for years
1980–93. Controls

randomly selected from

same database. Additional
controls selected from

Samoan communities

BP C 140/90, protein 0.3 g

after 20 weeks gestation;
hospital records

BP C 140, 90 mmHg;

physical examination

Mean 5 years Mean 30

Laivuori et al.
[54]

Finland

Hypertension Preeclamptic women who
had delivered first child at

a hospital between 1976

and 1978. Controls from
same period on same

database

BP C 160/110, protein
0.3 g after 29 weeks in

previously healthy

women; hospital records

BP C 150, 100 mmHg;
physical examination

Mean 17 years Mean 42

Hannaford et al.
[25]

UK—England

Hypertension Women from the RCGP
Oral Contraception Study

None specified; medical
checklist completed by

GP

No specific
classification given to

GP; medical record

completed by GP

Up to 26 years Mean 29 at
recruitment

Hubel et al. [89]

Iceland

Hypertension All maternity records

reviewed for period

1931–1996 for eclamptic
women, who were

postmenopausal at time of

study. Normotensive
controls from same study

population.

BP C 140/90, protein info

not available; maternity

records

Use of anti-

hypertensive

medication; patient
questionnaire

Mean PE group

32.6; controls

32.7 years

Range of

50–67. Mean

age PE group
57; controls

56

Marin et al. [55]

Spain

Hypertension Cases taken from follow-up
of larger original study

group of pregnant women

with hypertension from
1973 to 1996. Control

group from birth register

BP C 140/90, protein 0.3 g
after 20 weeks gestation;

medical records

BP C 140,90 mmHg or
had been previously

diagnosed; physical

examination

Range 6–24 years;
mean PE group

13.6; controls

16.2 years

Mean PE group
43; controls

42
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Table 3 continued

Author Outcomes

reported

Recruitment Pre-eclampsia definition

and source of data

Outcome definition and

source of data

Duration of follow-

up

Mean age at

follow-up
(years)

Shammas et al.
[56]

Jordan

Hypertension Women who delivered
during 1988 at medical

centre with pre-eclampsia.

Controls were women
with uncomplicated

delivery

None specified; medical
records

BP C –, 90 mmHg;
physical examination

10 years since birth

Sattar et al. [90]

UK—Scotland

Hypertension Review of medical records
for women who delivered

between 1975 and 1985

with pre-eclampsia.
Controls from same

records

BP C –, 90, protein 0.1 g;
maternity records

Use of anti-
hypertensive

medication; patient

questionnaire

Median 20; range
15–25 years

Median PE
group 43;

control 44

Wilson et al.
[34]

UK—Scotland

Hypertension Cohort identified from
maternity hospital

database. All

preeclamptics/eclamptics
during first singleton birth

from 1951 to 1970

BP C –,90, protein 0.3 g
from 20 weeks gestation;

maternity databank

WHO criteria; ICD
codes 9th/10th

revision;

questionnaire and
physical exam for

hypertension

N/A Mean 60

Kaaja et al.
et al. [40]

Finland

Hypertension
(last

12 months)

Data from cross-sectional
population survey

(FINRISK)

BP C 140/90, protein not
specified; patient survey

Patient self-report of
hypertension in last

12 months; Patient

questionnaire

N/A Mean PE
group: 48;

control 46;

range 25–64

Blaauw

et al. [57] The

Netherlands

Hypertension Women hospitalised for
early onset pre-eclampsia.

Control group from same
hospital. Also advertised

in paper for a nulliparous

group

BP C 160/110, protein
0.3 g after 20 weeks

gestation; hospital
records

May have been
diagnosed differently

in groups: PE
group C 125/80.

Controls C 140/90;

physical examination

Range 3–13 months Mean 31

Kharazmi et al.
[59]

Finland

Hypertension Data from large cross-
sectional survey (Health

2000 survey). This

supplemental study
included all women aged

30–99

None specified; patient
response at home health

interview

BP C 140, 90 mmHg;
physical examination

Range 30–99

Manten et al.
[65] The

Netherlands

Hypertension Women with history of pre-
eclampsia who delivered

at a medical centre before

34 weeks. Controls were
from same medical centre.

BP C –, 90, protein 0.3 g
after 20 weeks gestation

but also included women

who were chronic
hypertensives and

developed de novo
protienuria; recruited

prospectively in hospital

Use of anti-
hypertensive

medication and/or

prior diagnosis;
patient questionnaire

Mean PE group
9.8 months;

controls

5.8 months

Mean PE group
31; controls

33

Berends et al.

[6] The
Netherlands

Hypertension Data from a large cohort

study, genetic research in
isolated populations.

Cases with a history of

pre-eclampsia in singleton
pregnancies

BP C 140/90, protein 0.3 g

after 20 weeks gestation
or super-imposed pre-

eclampsia (new onset

proteinuria in chronic
hypertensives); national

birth registration records

Use of anti-

hypertensive
medication and/or

BP C 140/

90 mmHg; physical
examination

Mean PE group

7 years; control
13 years

Mean PE group

36; controls
39 at time of

study

Diehl et al. [69]

USA

Hypertension Women diagnosed with
either preeclampsia,

eclampsia or toxaemia

between 1960 and 1979 at
a medical centre were

randomly selected.

Controls from same centre

BP C 140/90, protein
0.3 g; hospital diagnostic

index

Use of anti-
hypertensive

medication; patient

questionnaire

Median: PE group
24.5; controls

27.3 years

Mean: PE
group 54;

controls 56

Gaugler-Senden

et al. [61] The

Netherlands

Hypertension All consecutive women who

were admitted to medical

centre between 1993 and
2003 with severe, early

onset pre-eclampsia

before 24 weeks gestation.
Controls were selected

from same hospital

BP C –/110 or 140/90,

protein 0.3 g in

combination with
eclampsia or HELLP

after 20 weeks gestation

and also super-imposed
pre-eclampsia; medical

records

BP C –, 90 mmHg

and/or on

antihypertensive
medication; physical

examination

Mean 5.5 years;

range 4–10 years

Median PE

group 39;

controls 38
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Table 3 continued

Author Outcomes

reported

Recruitment Pre-eclampsia definition

and source of data

Outcome definition and

source of data

Duration of follow-

up

Mean age at

follow-up
(years)

Aukes et al.
[62] The

Netherlands

Hypertension Preeclamptic women who
were referred to a centre

for high-risk pregnancies

from 1988 to 2005 due to
developing seizures

(eclampsia). Controls

from same hospital or
recruited through hospital

employees and family
members

Eclampsia—seizures in
women with pre-

eclampsia, BP C 140/90,

protein 0.3 g after
20 weeks gestation. Also

up to 1 week postpartum;

medical records

BP C 140, 90 mmHg;
physical examination

Mean: PE group
5.3 years;

controls 7.1

Mean 38

Edlow [91]

USA

Hypertension Participants originally

recruited in a previous

prospective study. All
women admitted with pre-

eclampsia at a hospital
between 2005 and 2007

were invited to take part

BP C 140/90 with protein,

but also included women

with just BP C 140/90;
recruited prospectively in

hospital

Use of anti-

hypertensive

medication/ has
someone told you

that your BP is high;
telephone interview

with patient

Mean PE group

225 days;

controls
230 days. Range

6–13 months

Mean PE group

26; controls

28

Haukkamaa

et al. [39]

Finland

Hypertension Data from population cross-

sectional survey (Health
2000 survey)

BP C 140/90, protein 0.3 g

after 20 weeks gestation;
identified in survey and

then confirmed against

hospital discharge data

Currently on blood

pressure medication;
patient interview

N/A Range 45–74.

mean 57

Lykke et al.

[26]

Denmark

First diagnosis

of

hypertension

All singleton deliveries in

Denmark from 1 January

1978 to 1 October 2007
extracted from national

patient registry

ICD 8th/10th revision

codes: severe pre-

eclampsia and mild pre-
eclampsia (pregnancy

induced hypertension

with significant
proteinuria); discharge

diagnoses in national
patient registry

ICD 8th/10th revision

codes; national

patient registry and
cause of death

register

Range:

0.25–30.20 years

median 14.6

Mean 41.6

Magnussen

et al. [92]

Norway

Hypertension Participants of population

study (HUNT). All

women linked to medical
birth registry to obtain

information on first

singleton births between
1967 until time of study

(1995–1997)

None specified; diagnosis

from medical birth

registry

Use of anti-

hypertensive

medication; patient
questionnaire

Mean of 16 years

(for whole

hypertensive
group not just PE)

Mean 40 (for

whole

hypertensive
group)

Soonthornpun
et al. [30]

Thailand

Hypertension Women who had been
diagnosed with severe pre-

eclampsia at a hospital.

Controls from same
hospital

BP C 160/110, protein
0.5 g; hospital records

Physical examination Mean: PE group
2.6 years (±1.6);

controls 4.5 years

(±2.8)

Mean PE group
31; controls

32

Spaan et al. [60]

The
Netherlands

Hypertension Women who had pre-

eclamptic pregnancy in
period 1979–1987 at a

hospital. Controls from

same hospital

BP C 140/90, protein

0.3 g, after 20 weeks
gestation; medical

records

BP C 140, 90 mmHg

and/or use of anti-
hypertensive

medication; physical

examination

Mean 23 years;

range 20–28

Mean 49

Canti et al. [58]

Brazil

Hypertension Women who had previously

presented in hospital with

pre-eclampsia. Controls
were women who

delivered on same day at

same hospital.

BP C 140/90, protein 0.3 g

after 20 weeks gestation;

medical records

BP C 140, 100 mmHg;

physical examination

[10 years. Mean

cases 15.9;

controls 14.6

Mean: PE

group 39;

controls 37

Garovic et al.
[31]

USA

Hypertension Women who were part of
the Family Blood Pressure

Programme (FBPP)

BP C 140/90 and
proteinuria after

20 weeks gestation;
patient questionnaire

Previous diagnosis of
hypertension; use of

anti-hypertensive
medication or

BP C 140/90; patient

interview and
physical examination

N/A Estimated at
70 years
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1.45, 2.44). The degree of heterogeneity found between the

high quality studies was much higher than that between the

lower quality studies (I2 = 62.9–7.2 %).

Hypertension

The RRs for the higher quality studies were slightly higher than

those of the lower quality studies (RR = 3.18, 95 % CI 2.07,

4.88 compared to RR = 3.11, 95 % CI 2.42, 3.99) and the I2

values for heterogeneity were lower (I2 = 50.2 vs 91.5 %).

Discussion

Summary of findings

This systematic review and meta-analysis found increased

odds of future cardiovascular and cerebrovascular events

and an increased risk of hypertension following a diagnosis

of pre-eclampsia. Hypertension had the strongest associa-

tion with pre-eclampsia. The odds of CVD did not appear

to be further increased if pre-eclampsia was complicated by

a pre-term delivery. There was substantial heterogeneity

between studies investigating hypertension, which was to

some extent explained by differences in study quality. We

identified heterogeneity between studies with CVD out-

comes, which was partially explained by a stronger effect

of fatal compared to diagnosed outcomes.

Strengths and limitations

We used a comprehensive search procedure and followed

validated systematic review methods, complying with the

MOOSE guidelines [14]. Studies from a wide range of

countries were included, the search was not restricted to

English language articles and an additional 31 articles were

found since 2006. Authors were contacted where additional

information was required to maximise the number of arti-

cles included. We also used sensitivity analyses to explore

the effect of varying definitions of exposure and outcome,

including use of the ISSHP diagnostic criteria for pre-

eclampsia in the hypertension outcomes. Bias and hetero-

geneity were examined using several techniques to ensure

our results were robust. For example, we investigated

variation between case–control and cohort studies (for

cardiovascular and cerebrovascular outcomes). By finding

a lower heterogeneity within sub-groups than between all

studies combined, we identified a potential source of het-

erogeneity. Furthermore, the effects of study quality on the

overall results were examined. However, while we tested

for bias and in most cases found non-significant results,

publication bias cannot be fully eliminated as there will be

studies with no significant results that may not have been

published.

However, this systematic review has some limitations.

The validity of the review’s conclusions is directly related

to the quality of the studies it examines. Both the ISSHP

and the Royal College of Obstetricians and Gynaecologists

advise that while clinically the diagnosis of pre-eclampsia

should be inclusive, specificity of diagnosis in research is

vital and the definition of new onset hypertension (BP C

140/90 mmHg) after 20 weeks gestation in combination

with the appearance of proteinuria ([0.3 g/24 h) should be

adopted where necessary [9, 67]. However, many authors

often fail to explain in sufficient detail their diagnostic

Table 3 continued

Author Outcomes

reported

Recruitment Pre-eclampsia definition

and source of data

Outcome definition and

source of data

Duration of follow-

up

Mean age at

follow-up
(years)

Portelinha et al.
[20]

Portugal

Hypertension Women with a history of
pre-eclampsia and

normotensive pregnancy

controls identified from
medical records at 3

hospitals in Portugal

BP C 140/90, protein 0.3 g
after 20 weeks gestation;

medical records

Use of anti-
hypertensive

medication;

interview/
questionnaire

Mean 6 years;
range 4–9 years

Mean 34

Shahbazian
et al. [63]

Iran

Hypertension Primiparous women
diagnosed with pre-

eclampsia or eclampsia at

two hospitals in Iran.
Controls were volunteers

who had an uncomplicated

pregnancy at hospitals
during same period

BP C 140/90, protein 0.3 g
after 20 weeks gestation;

medical records

BP C 140, 90 mmHg
and/or use of anti-

hypertensive

medication; physical
examination

Mean 5.7 years;
range

5.2–7.3 years

Mean PE group
25; controls

25.8

Melchiorre

et al. [64]

UK

Hypertension Women recruited at

pregnancy. Cases with
pre-eclampsia. Controls

were normotensive

women with singleton
pregnancy

BP C 140/90, protein 0.3 g

after 20 weeks gestation;
Medical records

BP C 140, 90 mmHg;

physical examination

2 years Mean PE group

33; controls
34
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Fig. 2 Forest plot showing the

odds of future cardiovascular

disease following pre-eclampsia

Fig. 3 Forest plot showing the odds of future cerebrovascular disease following pre-eclampsia
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Fig. 4 Forest plot showing the risk of future hypertension following pre-eclampsia

Fig. 5 Forest plot showing the risk of future cardiovascular disease following term and pre-term pre-eclamsia
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criteria and some stated the ISSHP definition but proceeded

to include women who had new onset proteinuria super-

imposed on chronic hypertension or identified women with

pre-eclampsia through a patient questionnaire. Therefore,

while we aimed to perform a sub-group analysis on those

papers using the ISSHP definition there were not enough of

these articles reporting CVD and cerebrovascular out-

comes, and so a less stringent definition of pre-eclampsia

had to be used. In addition, although some papers explicitly

stated that they had excluded women with pre-existing

hypertension, others did not. Therefore, where the ‘after

20 weeks gestation’ cut-off was cited, it had to be pre-

sumed that this would be the case. Length of follow-up was

variable and while we included papers which reported

outcomes past 6 weeks postpartum, we acknowledge that

literature regarding the time which pre-eclampsia takes to

resolve is unclear. However, 3 months has been cited by

guidelines as a point where normalisation of blood pressure

after pre-eclampsia would be expected [68] and only one of

our studies, which had a long range of follow-up, reported

outcomes prior to this point [44]. These factors could be a

cause of heterogeneity in our meta-analyses which dilutes

or exaggerates the effects, therefore making the estimates

of risk after pre-eclampsia misleading.

Patient self-report may result in an under-reporting of

disease. Hypertension may be present but as yet undetected,

and recall bias is also an important consideration. Diehl et al.

[69] found that some 24.5 years after the index pregnancy,

82 of 103 women correctly verified their history of pre-

eclampsia. However, Coolman et al. [70] found that

although 76 of 87 patients at 2 months postpartum correctly

identified their recent pre-eclampsia, a positive response was

also given by a further 43 women with pregnancy-induced

hypertension and 28 women who had no hypertensive

complications in pregnancy. If women also incorrectly self-

report hypertension, or indeed a history of pre-eclampsia,

this may explain why we identified increased heterogeneity

in studies with self-reported outcomes compared to those

where hypertension and pre-eclampsia were diagnosed by

physical exam/medical records (using our quality criteria

sub-analysis). However the RRs in the higher quality studies

(which excluded self-reported hypertension and pre-

eclampsia and used studies which defined pre-eclampsia in

line with the ISSHP criteria) and the lower quality studies

were very similar. The agreement of patient self-report with

medical records for CVDs has also been found to be variable

[71, 72]. However, in addressing these issues in the quality

criteria, and by using a sensitivity analyses, the results

suggested that there was little difference in the pooled esti-

mates of the studies of this design.

The reliability of ICD coding of pre-eclampsia has been

found to vary greatly [73], and coding of pre-eclampsia

when compared to the criteria given by the American

College of Obstetrics and Gynecology was accurate in only

54 % of cases. It has also been found that chronic hyper-

tension, as well as milder forms of pregnancy-induced

hypertension, are under-reported in hospital discharge and

birth records and, therefore, studies may overestimate the

proportion of more severe forms and ultimately overstate

the risk which pre-eclampsia imparts on future CVD risk

[74].

All types of cardiovascular and cerebrovascular events

were combined in each meta-analysis, which may have

been a cause of heterogeneity. Eleven studies reported

outcomes specifically for myocardial infarctions or

ischaemic heart disease, or coronary artery disease but four

papers had composite groups of cardiovascular death [27,

43–45]. Therefore, we could not investigate whether cer-

tain types of cardiovascular or cerebrovascular disease

were more strongly associated with pre-eclampsia. How-

ever, we were able to compare fatal CVD outcomes with

CVD diagnoses, finding a stronger association with a fatal

cardiovascular event after pre-eclampsia. This may be

partially due to an over-reporting of more serious cases of

pre-eclampsia which could lead to higher estimates of fatal

disease or alternatively, pre-eclampsia itself could be a

marker for more extreme cases of CVD.

Comparison with previous studies

We found an additional 31 articles published since the most

recent reviews. Our findings for the risk of cardiovascular,

cerebrovascular and hypertensive outcomes after pre-

eclampsia were similar to those of Bellamy et al. and

McDonald et al. [2, 3]. We used unadjusted, crude ORs

while the earlier reviews used the ratios reported in each

article, which may have contributed to a slight difference.

Using unadjusted ORs may have contributed to the heter-

ogeneity between studies examining hypertension particu-

larly if the study population varied substantially between

studies.

A previous review reported that pre-eclampsia resulting

in delivery before 37 weeks gestation was more strongly

associated with future CVD than those cases with more

severe hypertension or proteinuria [2]. This was based on

pre-term data from only one study [44]. We compared

outcomes for pre-eclampsia both with and without pre-term

birth. In doing so, we found that the risk of CVD did not

appear to be increased if pre-eclampsia was further com-

plicated by a pre-term delivery. However, these data were

only available for three studies [27, 41, 42]. Early onset

and late onset pre-eclampsia may be different phenotypes

with different aetiologies [75], however, current classifi-

cations of pre-eclampsia do not stratify by gestational age

at onset [76]. In addition, management of pre-eclampsia is

variable and while induction of labour is advised by some
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protocols, others favour expectant monitoring [75, 77].

Therefore, some mothers who experience onset prior to

37 weeks may not deliver until after this point. Thus, we

acknowledge that use of gestation at delivery as a proxy for

severity, as opposed to gestation at onset, may result in bias.

Potential mechanisms

Although pre-eclampsia has been reported to have a detri-

mental effect on future cardiovascular health, the relation-

ship between the two is not clear. It is not known whether

pre-eclampsia represents an independent causal factor due

to vascular changes induced by systemic endothelial dam-

age which manifest in later life as CVD [5], or if the two

simply share common underlying risk factors, with pre-

eclampsia representing an earlier stage on the path to car-

diovascular problems. Pre-eclampsia has been associated

with higher rates of metabolic syndrome and its components

such as larger waist circumferences and BMI [6, 19], higher

glucose levels [6, 78], and diabetes after delivery [79–81].

Further, Magnussen et al. [7] reported a higher incidence of

some of these factors during pregnancies complicated by

pre-eclampsia. However, it is not yet clear whether these

cardiovascular risk markers are present before pregnancy

and perhaps exacerbated by the pregnancy, or whether they

develop in the period after delivery, but the case for pre-

pregnancy interventions to prevent both pre-eclampsia and

CVD has been presented [8]. Longitudinal studies which

recruit women prior to pregnancy are required.

Implications

Although the absolute increase in cardiovascular risk

associated with pre-eclampsia may be small, it could have

major implications for women’s health due to the signifi-

cance of CVD within women. CVD is responsible for 22 %

of premature deaths in British females [82], and 55,000

more women than men under the age of 75 years die of

stroke each year in the US [13]. The identification and

management of women who present with risk factors could

prevent future cardiovascular morbidity and mortality [83].

Although it has not been established whether pre-eclampsia

represents an independent risk factor, the current lifetime

risk for all women is high at approximately 40 % [84].

More than 90 % of myocardial infarctions in women

have been attributed to modifiable risk factors [85], and

recent AHA guidelines for the prevention of CVD in

women call for a renewed emphasis on lifestyle modifi-

cation and the use of anti-hypertensive and cholesterol

lowering medications to reduce risk [13]. However, few

women are currently offered risk reduction interventions

following pregnancy complicated by pre-eclampsia [10],

and GP follow-up of formerly pre-eclamptic women has

been found to be inadequate in regions of Canada [86] and

the Netherlands [87]. A recent study of primary health care

providers at a hospital in the US found that high numbers

of physicians remain unaware of the link between pre-

eclampsia and future disease, and very few provide car-

diovascular risk reduction counselling to these patients

[88]. Further research is needed to clarify whether pre-

eclampsia is an independent risk factor for CVD and

whether there is value in adding a history of pre-eclampsia

to current risk prediction formulas used in cardiovascular

risk reduction programmes.

Conclusion

Pre-eclampsia is associated with an approximate twofold

increase in odds of CVD and cerebrovascular disease, and a

threefold increased risk of hypertension. We found no

evidence that the risks of CVD increase when pre-

eclampsia is associated with pre-term delivery, although

acknowledge there are limitations to our methodology.

Women who experience pre-eclampsia should be aware of

their increased risk and may benefit from formal postnatal

screening for accepted risk factors for CVD.
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18. Jónsdóttir LS, Arngrimsson R, Geirsson RT, Slgvaldason H,
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