
H
ypertension is the most common
maternal medical condition seen
in Australia, occurring in about
10% of pregnancies.1 The death

rate is low in Australia,2 but worldwide 
the hypertensive disorders of pregnancy
(including pre-eclampsia and eclampsia)
account for around 75,000 deaths each year,
most due to the poor availability of adequate 
antenatal services in many developing 
countries.

Pre-eclampsia or ‘toxaemia’ is hyperten-
sion in pregnancy associated with a toxic
endothelial reaction, resulting in renal, liver,
brain and cardiac dysfunction and growth
restriction of the baby. This complex 
syndrome is best explained by endothelial
damage or dysfunction, which was largely
thought to be reversible.3 The dysfunction
arises from placental failure due to inade-
quate placental invasion of the maternal
uterine arteries4 and therefore resolves when
the placenta is delivered. A more recent 
theory, however, holds that the endothelial
dysfunction may well remain.5

Clinical features of pre-eclampsia 
The clinical features of pre-eclampsia range in
severity from a mild, asymptomatic increase
in blood pressure, to proteinuria, peripheral
oedema and worsening hypertension and
then to organ failure, seizures and maternal

death. In the more severe cases, there may be
evidence of maternal organ (renal, brain and
liver) dysfunction, which is likely to be due to
the more severe endothelial dysfunction.
‘Eclampsia’ is the development of neurolog-
ical seizures in the woman due to uncon-
trolled pre-eclampsia. It carries a high mor-
tality for the mother and, when it occurs
before delivery, for the baby also.

Pre-eclampsia occurs after 20 weeks’ ges-
tation and may last for days or weeks,
depending on the maternal and fetal effects
resulting from the condition. The cure is
achieved by delivery, but delivery may need
to be delayed to prolong gestational time and
allow fetal growth and maturity.6 Delivery is
indicated when the blood pressure is acutely
uncontrollable despite medication; when
organ function is threatened (as indicated
by elevated levels of liver transaminases,
decreasing platelet count or elevated serum
creatinine level); when the mother is becom-
ing symptomatic (especially with neurolog-
ical manifestations such as altered mental
state, focal cerebral dysfunction or seizures);
and when there is evidence of compromise
of fetal wellbeing or progressive fetal growth
retardation.

A longer duration of maternal endothe-
lial damage occurs when delivery is delayed.
This may lead to longer term endothelial
dysfunction.
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Hypertension in pregnancy (including pre-eclampsia and eclampsia) occurs 
in 10% of pregnancies in Australia. Although pre-eclampsia was largely
thought to be a reversible condition, evidence is mounting that it and other
hypertensive diseases of pregnancy are potential risk factors for coronary artery
disease, stroke and hypertension later in the woman’s life. Significantly,
identification of early cardiovascular risk factors has the potential to target 
this population for intervention and thereby prevent future morbidity and
mortality in these women.
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Key points
• There is a clear link between

endothelial dysfunction that

manifests as pre-eclampsia and

subsequent maternal cardiovascular

disease (CVD).

• Identification of early cardiovascular

(CV) risk factors in pregnant women

enables intervention and thereby

prevention of future CV morbidity 

and mortality.

• Babies who have suffered in utero

growth restriction from pre-eclampsia

and other causes have higher rates 

of later development of CVD,

hypertension and diabetes.
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Risk factors for pre-eclampsia
There are many established risk factors for
the development of pre-eclampsia. These
include obstetric conditions (such as multi-
ple pregnancy), immunological disease (such
as systemic lupus erythematosus) and cardio-
vascular conditions. CV risk factors include
chronic hypertension (a 5 to 30% increased
risk), renal disease, diabetes mellitus and
insulin resistance, gestational diabetes, 
obesity and hypercholesterolaemia.7-12

These are also important risks factors for the
development of cardiovascular disease in
later life.13

Hypertension complicating underlying
renal disease has been identified in up to 
30 to 40% of women with severe early-onset
pre-eclampsia (under 32 weeks’ gestation).14

Several studies attribute pre-eclampsia to
hypercholesterolaemia. It has been demon-
strated that higher total cholesterol levels and
increased levels of low density lipoproteins
are associated with an increased risk of
hypertension in pregnancy.15 High lipid 
levels have been associated with increased
diastolic blood pressure.12 Dyslipidaemia
identified in early pregnancy is presumed to
be present prior to pregnancy. Pregnancy
itself leads to changes in levels of total 
cholesterol, serum triglycerides and blood 
glucose, particularly in the second and third
trimesters.16 An association between hyper-
tension (both before and during the preg-
nancy) and increased levels of lipoprotein (a)

and triglycerides has been described.17,18

Diabetes and gestational diabetes are also
linked to hypertension in pregnancy, proba-
bly due to endothelial dysfunction associated
with insulin resistance and the metabolic 
syndrome.10

Pre-eclampsia and future
cardiovascular disease
Recent analyses of the long-term effects of
pre-eclampsia have determined that the
endothelial dysfunction may have long-term
consequences for the mother. Women who
have had pre-eclampsia have a higher rate
of coronary artery disease independent of
other risk factors than women who have not
had pre-eclampsia.19 The degree of future
CVD risk conferred by pre-eclampsia appears
to be comparable with the traditional risk fac-
tors of coronary artery disease (Table 1).5,20,21

An association between pre-eclampsia and
CVD later in life was first identified in 1961
and has been the focus of more recent 
epidemiology studies that have been
reviewed.5,22 These studies demonstrate that
a woman whose pregnancy was complicated
by pre-eclampsia had an increased risk of
hypertension, coronary heart disease,
ischaemic heart disease, cerebrovascular dis-
ease, stroke and death compared with women
whose pregnancies were not complicated by
pre-eclampsia (Table 2).5,23-29 Structural 
cardiac changes are seen after pre-eclampsia,
particularly global diastolic dysfunction and
left ventricular remodelling, but the reversibil-
ity of these changes is unknown.30

Several studies have demonstrated a ‘degree–
response effect’ of the pre-eclampsia.5,28

The more severe the pre-eclampsia, the
greater the future risk of cardiac disease.
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Table 1. Comparative risk ratios for the main 
causes of coronary artery disease5,20,21

Risk factor Risk ratio 95% Confidence Study 
for coronary interval for  reference
artery disease risk ratio

Smoking 2.1 1.5–2.9 Kramer et al, 200620

Hypertension 2.12 1.4–3.0 Wilson et al, 199821

Low density lipoprotein 1.68 1.17–2.4 Wilson et al, 199821

(>4.1 mmol/L)

Pre-eclampsia 2.16 1.86–2.52 Bellamy et al, 20075

Table 2. Pre-eclampsia and future risk of cardiovascular disease5,23-29

Study reference Number of participants Years to follow up Outcome Relative risk (95% CI)

Bellamy et al, 20075 198,252 (meta-analysis) 5 to 33 Hypertension 3.7 (2.7–5.05)

Hannaford et al, 199723 23,000 33 Hypertension 2.35 (2.08–2.65)

Bellamy et al, 20075 198,252 (meta-analysis) 5 to 33 Coronary artery disease 2.16 (1.86–2.52)

Kestenbaum et al, 200324 807,010 7 to 8 Cardiovascular disease 2.2 (1.3–3.6)

Smith et al, 200125 129,920 12 to 19 Ischaemic heart disease 2.0 (1.5–2.5)

Wilson et al, 200326 3593 15 to 19 Cerebrovascular disease 2.1 (1.0–4.3)

Brown et al, 200627 682 10 to 14 Stroke 1.63 (1.02–2.62)

McDonald et al, 200828 116,175 (meta-analysis) 7 to 40 Stroke 2.03 (1.54–2.67)

Irgens et al, 200129 626,272 13 Death due to  1.65 (1.01–2.7)

cardiovascular disease
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Severe pre-eclampsia (as determined by pres-
ence of proteinuria as well as hypertension –
defined as blood pressure of 160 mmHg or
higher systolic or 110 mmHg or higher dias-
tolic with proteinuria of 0.3 g or more per
day,24 or 110 mmHg or higher diastolic with
proteinuria of 5.0 g or more per day31) was
associated in these studies with a greater risk
of ischaemic heart disease than was milder
pre-eclampsia. An even greater risk was iden-
tified when the pregnancy was associated with
pre-eclampsia before 37 weeks’ gestation.

In addition to the proposed effect of 
pre-eclampsia on CVD, the likelihood of the
development of renal disease and the even-
tual need for renal biopsy has been identified
in women with a history of the condition.32,33

In utero events for the fetus may be asso-
ciated with future CV risk. There is evidence
that babies who have suffered in utero growth
restriction (regardless of cause) have a higher
rate of later development of hypertension, CV
disease and diabetes – this is known as the
‘Barker Hypothesis’, or ‘DOHaD’ (the
Developmental Origins of Health and
Disease).34,35,

Treating pre-eclampsia
Treatment targets for blood pressure in preg-
nancy need to be viewed with regard to both
potential obstetric complications and the
possible long-term CV benefits. 

The effects of endothelial dysfunction
after a pregnancy complicated by severe pre-
eclampsia may be corrected or curtailed with
adequate blood pressure control. The roles
of blood pressure management and other
CV risk factor management in and after the
pregnancy are yet to be determined. It has
been shown that the identification and 
follow up in general practice of women with
persistent hypertension after pre-eclampsia
is variable.36 This could be improved
through better insights into the nature and
effect of hypertension in pregnancy, and
specifically pre-eclampsia. 

Risk factors for CV disease and CVD itself
(especially ischaemic heart disease) are both
increased in women who have had pre-
eclampsia. Further research is needed to
determine if correction of these risk factors
in pregnancy decreases the future CV risk.

Conclusion
There is a clear link between endothelial 
dysfunction that manifests as pre-eclampsia
and subsequent maternal CV disease. Further
research needs to clarify whether limitation of
the maternal endothelial dysfunction (by
expediting delivery) and aggressive treatment
of risk factors after delivery will significantly
affect the mother’s long-term risk. Babies who
have suffered in utero growth restriction from
pre-eclampsia and other causes have been
shown to have higher rates of later develop-
ment of CVD and also hypertension and 
diabetes.  CT

References
1. Laws PJ, Hilder L. Australia’s mothers and babies 2006.

Perinatal statistics series no. 22. Cat. no. PER 46. Sydney:

Australian Institute of Health and Welfare (AIHW); 2008.

2. Sullivan E, Hall B, King J. Maternal deaths in Australia

2003-2005. Cat. no. PER 42. Canberra: AIHW; 2008.

3. Roberts JM, Taylor RN, Musci TJ, et al. Pre-eclampsia:

an endothelial cell disorder. Am J Obstet Gynecol 1989;

161: 1200-1204.

4. Redman CW, Sargent IL. Latest advances in understanding

pre-eclampsia. Science 2005; 308: 1592-1594.

5. Bellamy L, Casas JP, Hingorani AD, et al. Pre-eclampsia

and risk of cardiovascular disease and cancer in later life:

systematic review and meta-analysis. BMJ 2007; 335: 974.

6. Lowe SA, Brown MA, Dekker GA, et al. Society of

Obstetric Medicine of Australia and New Zealand. Guidelines

for the management of hypertensive disorders of pregnancy

2008. Aust N Z J Obstet Gynaecol 2009; 49: 242-246.

7. Dekker GA, de Vries JIP, Doelitzsch PM, et al.

Underlying disorders associated with severe early-onset pre-

eclampsia. Am J Obstet Gynecol 1995; 173: 1042-1048.

8. Munkhaugen J, Lydersen S, Romundstad PR, et al.

Kidney function and future risk for adverse pregnancy

outcomes: a population-based study from HUNT II, Norway.

Nephrol Dial Transplant 2009; 24: 3744-3750.

9. Seely EW, Solomon CG. Insulin resistance and its

potential role in pregnancy-induced hypertension. J Clin

Endocrinol Metab 2003; 88: 2393-2398.

10. Sibai BM, Ross MG. Hypertension in gestational

diabetes mellitus: pathophysiology and long-term

consequences. J Matern Fetal Neonatal Med 2010; 23: 

229-233.

11. Aliyu MH, Luke S, Kristensen S, Alio AP, et al. Joint

effect of obesity and teenage pregnancy on the risk of pre-

eclampsia: a population-based study. J Adolesc Health

2010; 46: 77-82. 

12. Van den Elzen HJ, Waldimiroff JW, Cohen-Overbeek, 

et al. Serum lipids in early pregnancy and risk of pre-

eclampsia. Br J Obstet Gynecol 1996; 103: 117-122.

13. Portelinha A, Belo L, Cerdeira AS, et al. Lipid levels

including oxidized LDL in women with history of pre-

eclampsia. Hypertens Pregnancy 2010; 29: 93-100. 

14. North RA, Ferrier C, Gamble G, Fairley KF, Kincaid-Smith

P. Prevention of pre-eclampsia with heparin and antiplatelet

drugs in women with renal disease. Aust N Z J Obstet

Gynaecol 1995; 35: 357-362.

15. Solomon CG, Carroll JS, Okamura K, et al. Higher

cholesterol and insulin levels in pregnancy are associated

with increased risk for pregnancy-induced hypertension.

Am J Hypertens 1999; 12: 276-282.

16. Berge LN, Arnesen E, Forsdahl A. Pregnancy related

changes in some cardiovascular risk factors. Acta Obstet

Gynecol Scand 1996; 75: 439-442.

17. Manten GT, van der Hoek YY, Marko Sikkema J, et al.

The role of lipoprotein (a) in pregnancies complicated by 

pre-eclampsia. Med Hypotheses 2005; 64: 162-169.

18. Magnussen EB, Vatten LJ, Lund-Nilsen IT, et al.

Prepregnancy cardiovascular risk factors as predictors of 

pre-eclampsia: population based cohort study. BMJ 2007;

335: 978.

19. Mongraw-Chaffin ML, Cirillo PM, Cohn BA. Pre-

eclampsia and cardiovascular disease death: prospective

evidence from the child health and development studies

cohort. Hypertension 2010; 56: 166-171. 

20. Kramer A, Jansen AC, van Aalst-Cohen ES, et al. Relative

risk for cardiovascular atherosclerotic events after smoking

cessation: 6-9 years excess risk in individuals with familial

hypercholesterolemia. BMC Public Health 2006; 6: 262.

21. Wilson PWF, D’Agostino, RB, Levy D, et al. Prediction 

of coronary heart disease using risk factor categories.

Circulation 1998; 97: 1837-1847.

22. Adams EM, MacGillivray I. Long-term effect of pre-

eclampsia on blood-pressure. Lancet 1961; 2(7217): 

1373-1375.

23. Hannaford P, Ferry S. Hirsch S. Cardiovascular

sequelae of toxaemia in pregnancy. 1997; 77: 154-158. 

24. Kestenbaum S, Seliger SL, Easterline TR, et al.

Cardiovascular and thromboembolic events following

hypertensive pregnancy. Am J Kidney Diseases 2003; 

42: 982-989.

25. Smith GC, Pell JP, Walsh D. Pregnancy complications

and maternal risk of ischaemic heart disease: a

retrospective cohort study of 129,290 births. Lancet 2001;

357: 2002-2006.

26. Wilson BJ, Watson MS, Prescott GJ, et al. Hypertensive

diseases of pregnancy and risk of hypertension and stroke in

later life: results from cohort study. BMJ 2003; 326: 845.

27. Brown DW, Deuker N, Jamieson DJ, et al. Pre-eclampsia

and the risk of ischaemic stroke among young women:

results from the Stroke Prevention in Young Women Study.

Stroke 2006; 37: 1055-1059. 

28. McDonald SD, Malinowski A, Zhou Q, et al.

Cardiovascular sequelae of pre-eclampsia/ eclampsia: a

systematic review and meta-analyses. Am Heart J 2008;

156: 918-930.

29. Irgens HU, Reisaeter L, Ingrens LM, et al. Long term

mortality of mothers and fathers after pre-eclampsia:

population based cohort study. BMJ 2001; 323: 1213-1217.

30. Melchiorre K, Sutherland GR, Baltabaeva A, et al.

Maternal cardiac dysfunction and remodeling in women with

pre-eclampsia at term. Hypertension 2011; 57: 85-93. 

31. Wikström AK, Haglund B, Olovsson M, Lindeberg SN.

The risk of maternal ischaemic heart disease after

gestational hypertensive disease. BJOG 2005; 112: 1486-

1491.

32. Vikse BE, Irgens LM, Leivestad T, Skjaerven R, Iversen

BM. Pre-eclampsia and the risk of end-stage renal disease.

N Engl J Med 2008; 359: 800-809.

33. Vikse BE, Irgens LM, Bostad L, Iversen BM. Adverse

perinatal outcome and later kidney biopsy in the mother. 

J Am Soc Nephrol 2006; 17: 837-845.

34. Barker DJ, Hales CN, Fall CH, et al. Type 2 (non-insulin-

dependent) diabetes mellitus, hypertension and

hyperlipidaemia (syndrome X): relation to reduced fetal

growth. Diabetologia 1993; 36: 62-67.

35. Symonds ME, Sebert SP, Hyatt MA, et al. Nutritional

programming of the metabolic syndrome. Nat Rev Endocrinol

2009; 5: 604-610.

36. Nijdam ME, Timmerman MR, Franx A, et al.

Cardiovascular risk factor assessment after pre-eclampsia 

in primary care. BMC Fam Pract 2009; 10: 77.

COMPETING INTERESTS: None.

CardiologyToday JUNE 2011, VOLUME 1, NUMBER 228

PERSPECTIVE PRE-ECLAMPSIA CONTINUED

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 1 1 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 1 0 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 9 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 8 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 7 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 6 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 5 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 4 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 3 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 2 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 1 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 0 .


