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SYNOPSIS

There is a considerable literature devoted to the prevention of pre-eclampsia in order to
avoid the associated maternal and perinatal complications. However, pre-eclampsia, at
least in its non-severe form, may serve some adaptive function in terms of improved
neonatal outcomes in the neonatal intensive care unit1 or neurodevelopmental outcome2.
Therefore, we have based our preventative recommendations on the prevention of
pre-eclampsia and/or the prevention of its associated complications where literature
permits.
Preventative interventions may be best started before 16 weeks’ gestation when
most of the physiologic transformation of uterine spiral arteries occurs, or even before
pregnancy. Such early intervention has the greatest potential to decrease the early forms
of pre-eclampsia that are associated with incomplete transformation of uterine spiral
arteries3.
Pregnant women have been classified as being at ‘low’ or ‘increased’ risk of
pre-eclampsia most commonly by the presence or absence of one or more of the risk
markers (see Chapter 5, Table 5.1). Although the strength of evidence around various
interventions to prevent pre-eclampsia varies, there is strong evidence that low-risk
women who have low dietary intake of calcium (<600 mg/d) may benefit from calcium
supplementation (of at least 1 g/d, orally) to prevent pre-eclampsia. High-risk women
are recommended to take calcium supplementation (of at least 1 g/d) if calcium intake
is low, and are also recommended to initiate low-dose aspirin (75–100 mg/d) at
bedtime before 16 weeks of gestation. Widespread implementation of these interventions
is recommended to help prevent pre-eclampsia and its complications.

WOMEN AT ‘LOW RISK’

small-for-gestational-age (SGA) infants, or neonatal
morbidity such as neonatal intensive care stay.)

Women at ‘low risk’ of pre-eclampsia are most
commonly those from unselected obstetric
populations and may be nulliparous or multiparous.
(Please see Appendix 6.1 for details of individual
randomised controlled trials or systematic
reviews of randomised controlled trials that
reported on the outcomes of pre-eclampsia,
gestational hypertension, maternal morbidity,

Abstention from alcohol

There are no trials studying the effect of alcohol
abstention on the incidence of hypertensive
disorders of pregnancy. Reduced consumption is
recommended to reduce blood pressure in
non-pregnant individuals4, but in pregnancy,
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abstention is recommended as there is no proven
safe level of alcohol intake in pregnancy5.

restricted to women with low calcium intake;
potential harms in this population have not been
ruled out and in a supplementation trial of 1.5 g/d
in The Gambia, calcium treatment was associated
with lower bone mineral content throughout
lactation11. An alternative to supplementation may
be to increase dietary calcium intake, by 3–4 dairy
servings per day (as one serving corresponds to
250–300 mg of calcium).

Aspirin (low dose)

There is weak evidence that low-dose aspirin can
prevent pre-eclampsia in moderate-risk women
(RR 0.86, 95% CI 0.79–0.95; 25 trials, 28,469
women)6. However, no trials have evaluated the
effect of low-dose aspirin started in the first
trimester, something that may be more effective
among women at increased risk (see Women at
increased risk below).

Dietary changes

A variety of dietary and lifestyle interventions can
reduce the risk of pre-eclampsia (overall RR 0.81,
95% CI 0.69–0.94; 18 trials, 8712 women): by
dietary change (RR 0.67, 95% CI 0.53–0.85;
6 trials, 2695 women), not but by essential fatty
acid supplementation alone (RR 0.92, 95% CI
0.71–1.18; 6 trials, 4579 women) or by mixed
interventions of diet, physical activity and lifestyle
(RR 0.93, 95% CI 0.66–1.32; 6 trials, 1438
women)12.
Dietary salt restriction (with confirmed
compliance) does not affect the incidence of
gestational hypertension (RR 0.98, 95% CI
0.49–1.94; 2 trials, 242 women) or pre-eclampsia
specifically (RR 1.11, 95% CI 0.46–2.66; 2 trials,
603 women13). No trials were identified of a
heart-healthy diet that was associated with a lower
risk of pre-eclampsia in a single case–control
study14. However, there is a strong belief in many
jurisdictions that decreasing dietary salt is a prudent
action to take, as illustrated by the following quote:

Calcium

At a population level, there is an inverse relationship
between dietary calcium intake and both blood
pressure among non-pregnant individuals and the
incidence of pre-eclampsia7. Dietary calcium intake
may mediate this effect by inhibiting parathyroid
activity thereby decreasing intracellular calcium
and causing vasodilatation8.
Although one trial found no decrease in preclampsia with 1.5 g/d oral calcium supplementation
(RR 0.91, 95% CI 0.69–1.19; 357 women)9, other
reviews found that oral calcium supplementation
(of at least 1 g/d) decreased the incidence of
pre-eclampsia in low-risk women (8 trials, 15,143
women; RR 0.45, 95% CI 0.41–0.83), gestational
hypertension (RR 0.71, 95% CI 0.57–0.89; 8 trials,
15,143 women)7 and preterm birth (RR 0.76, 95%
CI 0.60–0.97; 10 trials, 15,275 women)10. Maternal
death or serious morbidity (which included severe
hypertension) is also reduced (RR 0.80, 95% CI
0.65–0.97; 2 trials, 9732 women) which more than
offsets the increase in HELLP (haemolysis, elevated
liver enzymes, low platelets) syndrome (RR 2.67,
95% CI 1.05–6.82; 2 trials, 12,901 women)
reported in the calcium supplementation arms of
the two trials that reported HELLP syndrome10; it
is possible that the blood pressure lowering effect of
calcium supplementation permitted more time for
pre-eclampsia to progress to HELLP syndrome.
Oral calcium supplementation of <1 g/d has
been trialed in mixed populations of women at low
and high risk (e.g. pregnant teenage girls, women
with previous pre-eclampsia or women with
positive roll over test); see Women at increased risk
below.
The benefits of calcium supplementation in
women at low risk of pre-eclampsia are most likely

“We advise her to eat less salt and not to eat
oily food, pickles.”
Auxiliary Nurse Midwife/Nurse, Belgaum,
India (from CLIP Feasibility Study)
Nutritional education counselling was associated
with a reduction in preterm birth (RR 0.46, 95%
CI 0.21–0.98; 2 trials, 449 women), and a reduction
in low birth weight babies (RR 0.04, 95% CI
0.01–0.14; 1 trial, 300 women)15. Specifically
within undernourished women, nutritional advice
was found to increase birth weight (mean difference
489.76, 95% CI 427.93–551.59; 2 trials, 320
women). Balanced protein/energy supplementation
in pregnancy did not affect pre-eclampsia incidence
(RR 1.48, 95% CI 0.82–2.66; 2 trials, 463 women),
but both stillbirth (RR 0.60, 95% CI 0.39–0.94;
5 trials, 3408 women) and SGA babies (RR 0.79,
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95% CI 0.69–0.90; 7 trials, 4408 women)
were reduced in incidence15. High-protein
supplementation may have been associated with
harm by increasing the risk of SGA babies (RR
1.58, 95% CI 1.03–2.41; 1 trial, 505 women),
although weight at 1 year of age did not differ
between the high- and low/no supplementation
groups15. Isocaloric protein supplementation was
found to be unlikely to benefit pregnant women
or their infants; it did not affect birth weight
(mean difference 108.25 g, 95% CI 220.89–437.40,
I2 = 84%) or weekly gestational weight gain (mean
difference 110.45 g/week, 95% CI 82.87–303.76,
I2 = 85%; 2 trials, 184 women)15. Theoretical
concerns about the effect of starvation ketosis
on fetal neurodevelopment have led to
recommendations that women should not pursue
weight-loss dieting in pregnancy16.
No trials of probiotics were identified, but the
consumption of milk-based probiotics was
associated with a lower risk of pre-eclampsia in a
Norwegian population-based cohort study of
33,399 primiparous women; the decrease was
marked for severe pre-eclampsia (aOR 0.79, 95%
CI 0.66–0.96; 32,158 women)17.
A preventative strategy with considerable
potential appeal to women is administration of
flavanoids, antioxidants found in citrus fruits, dark
chocolates and tea. The idea is based on the inverse
relationship between higher chocolate intake and
lower blood pressure in pregnancy in a prospective
cohort study of 2291 women18. Two small trials
have found conflicting effects of flavanol-rich
chocolate on blood pressure in pregnancy; one trial
(90 women) found that blood pressure was lower
when high-cocoa-content chocolate was ingested
from 11 to 13 weeks’ gestation19, whereas another
trial (44 women) found that blood pressure (and
endothelial function) were unchanged among
normotensive women at baseline20. Another trial
(160 women) has finished recruiting but the impact
of the intervention on endothelial function has not
yet been reported21. We await adequately powered
trials that examine the impact of flavonoids on
pre-eclampsia or maternal or perinatal morbidity.

prevention of neural tube and, possibly, other
congenital anomalies22. However, periconceptional
and ongoing regular use of multivitamins has also
been associated with prevention of gestational
hypertension (1 trial, 138 women)23 and
pre-eclampsia in women with a body mass index
(BMI) <25 kg/m2 (prospective cohort, 1835
women)24. The international Folic Acid Clinical
Trial (FACT) is focused on women at increased risk
of pre-eclampsia, and is discussed below25.
Lifestyle changes

Low- to moderate-intensity regular exercise is
beneficial for general health reasons to maintain or
improve physical fitness (11 trials, 472 women)26,
and observational studies have associated exercise
with a reduced risk of pre-eclampsia in a
‘dose-dependent’ fashion27–34. Overweight women
who exercised from early pregnancy had improved
exercise capacity (1 trial, 132 women)35, but we
were unable to identify trials of exercise for
pre-eclampsia prevention among women at low
risk.
Greater workload31,36 and stress have been
associated with pre-eclampsia37, although the
quality of studies is not high38. We were unable to
identify randomised trials of workload reduction to
prevent pre-eclampsia, despite this being a common
obstetric intervention.
Micronutrients other than calcium

Micronutrient deficiencies (other than calcium) are
common in pregnancy when one takes a global
perspective. Deficiencies of magnesium, zinc and
pyridoxine have been associated with an increase in
hypertensive disorders of pregnancy and/or their
complications39–41.
Magnesium
supplementation
(various
preparations), primarily in women at low risk, did
not affect the incidence of pre-eclampsia (RR 0.87,
95% CI 0.58–1.32; 3 trials, 1042 women), preterm
birth <37 weeks’ gestational age (RR 0.89, 95%
CI 0.69–1.14; 7 trials, 5981 women), low birth
weight <2500 g (RR 0.95, 95% CI 0.83–1.09; 5
trials, 5577 women) or SGA infants (RR 0.76, 95%
CI 0.54–1.07; 3 trials, 1291 women)40. A subsequent
trial also found that magnesium supplementation
(of 300 mg/d from 25 weeks) prevented an increase
in diastolic blood pressure during the last weeks of
pregnancy (1 trial, 59 women)42.

Folate-containing multivitamins

It is accepted that women should take a
folate-containing multivitamin when planning
pregnancy and into early pregnancy for primary
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Thiazide diuretics

Zinc supplementation (20–90 mg elemental
zinc), primarily in women of low income, did not
affect the hypertensive disorder of pregnancy
incidence, although preterm delivery was decreased
(RR 0.86, 95% CI 0.76–0.97; 16 trials, 7637
women)43.
One trial found that antioxidant/phytonutrient
supplementation (from plant foods) in the first
trimester did not decrease rates of pre-eclampsia in
low-risk women (RR 1.22, CI 0.40–3.77)44.

Thiazide diuretics did not decrease pre-eclampsia
(RR 0.68, 95% CI 0.45–1.03; 4 trials, 1391
women) or adverse outcomes, but they did increase
maternal side-effects (vs. placebo) in women at low
risk of pre-eclampsia (RR 5.81, 95% CI
1.04–32.46; 2 trials, 1217 women)56.
Vitamins C and E

Pre-eclampsia is associated with oxidative stress.
However, among women at low risk given vitamins
C (1000 mg/d) and E (400 international units/day)
therapy from either the first or early second
trimester, vitamins C and E did not decrease the
incidence of pre-eclampsia (RR 0.85, 95% CI
0.48–1.51; 4 trials, 2441 women). In fact, vitamins
C and E increased use of any antihypertensive (RR
1.77, 95% CI 1.22–2.57; 2 trials, 4272 moderateand high-risk women) and antenatal hospital
admission for hypertension (RR 1.54, 95% CI
1.00–2.39; 1 trial, 1877 moderate- and high-risk
women)57.
Subsequent trials have confirmed this lack of
benefit. A total of 10,514 nulliparous women at
low risk for pre-eclampsia were randomly assigned
to daily 1000 mg of vitamin C and 400 IU of
vitamin E or matching placebo from 9 to 16 weeks
until delivery. Intervention was not associated with
prevention of severe hypertension (RR 1.07, 95%
CI 0.91–1.25) or pre-eclampsia (RR 1.07, 95% CI
0.93–1.24)58. Similarly, no significant effect on
gestational hypertension (RR 0.99, 95% CI
0.78–1.26) or pre-eclampsia (RR 1.04, 95% CI
0.75–1.44) was observed among 2647 pregnant
women randomised to vitamin C and E or
placebo59. One randomised controlled trial with
299 women evaluating vitamin E therapy (N = 151)
versus placebo (N = 148) from early second
trimester until delivery found no statistically
significant difference in gestational hypertension,
but there was a tendency towards a lower incidence
of hypertension in the treatment arm (RR 0.36,
95% CI 0.12–1.09)60. Another randomised
controlled trial with 932 women evaluated 100 mg
vitamin C supplementation alone versus placebo
from 12 to 22 weeks of gestation and found no
difference in the incidence of pre-eclampsia (RR
0.77, 95% CI 0.37–1.56), severe pre-eclampsia
(RR 1.25, 95% CI 0.34–4.56), gestational
hypertension (RR 0.67, 95% CI 0.43–1.03),

Prostaglandin precursors

Diets rich in marine oils are associated with a
reduced risk of pre-eclampsia45. These marine oils
are rich in prostaglandin precursors and may
be beneficial by reducing inflammation and
vasoconstriction. A systematic review reported that
in mixed populations that included both low- and
high-risk women, prostaglandin precursors (which
included other oils such as evening primrose oil)
did not decrease the risk of pre-eclampsia (RR
0.86, 95% CI 0.59–1.27; 6 trials, 2783 women),
but they did decrease birth before 34 weeks (RR
0.69, 95% CI 0.49–0.99; 2 trials, 860 women)45.
A randomised controlled trial assessing the effect
of fish oil supplementation in the second half of
pregnancy also found no reduction in pre-eclampsia
(RR 0.87, 95% CI 0.60–1.25; 2399 women)46.
It should be noted that given concerns about
contaminants such as mercury, increased dietary
intake of fish for the purpose of fish oil consumption
is not recommended47.
Smoking cessation

While it is true that smoking is associated with a
reduced risk of pre-eclampsia in observational
studies48–50, smoking also increases the risk of
impaired fetal growth and preterm birth51–53.
Smoking cessation has been shown to decrease
the incidence of low birth weight babies (RR 0.82,
95% CI 0.71–0.94; 14 trials, 8562 women) and
preterm birth (RR 0.82, 95% CI 0.70–0.96;
14 women, 7852 women)54. Although various
smoking cessation approaches have been tried,
a randomised controlled trial evaluating the
effectiveness and safety of nicotine replacement
therapy in pregnancy did not show a difference in
either pregnancy outcomes or long-term quit rates
in pregnancy55.
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preterm delivery (RR 0.92, 95% CI 0.63–1.34) or
low birth weight (RR 1.07, 95% CI 0.72–1.59)61.

“About snails, we use the fluid from a snail to
prepare traditional medicine to treat patients
with high blood pressure . . . we use the snail’s
fluid to prepare a traditional medicine for them
. . . and they would use a teaspoon to take the
medicine . . . those that always have high blood
pressure . . . people whose blood pressure is
always high . . . people like that . . . within 3
months or so . . . they would be lying on a sick
bed . . . they would rolling on the floor in
pains . . . and be doing all sorts of things . . . so
we treat them so that the high blood pressure
wouldn’t cause complications for them”.
Head Traditional Birth Attendant, Yewa South,
Nigeria (from CLIP Feasibility Study)

Vitamin D

Vitamin D may play a protective role against
pre-eclampsia through beneficial effects on immune
modulation and vascular function62–64. A significant
relationship between vitamin D deficiency and
increased risk of pre-eclampsia has been shown
by systematic reviews and meta-analyses of
observational studies65,66. This represents an area
where further studies are required.
Other interventions for which no
recommendation can be made

Interest in supplementation with iron and/or folate
(beyond 10 weeks’ gestation) stems from the
importance of anaemia in developing countries
and further progressive anaemia associated with
pregnancy67. There is insufficient evidence on the
effect on pre-eclampsia of either routine (vs. no
routine) iron supplementation (usually 60–100 mg
elemental iron/day) (1 trial, 47 women) or routine
iron with/without folic acid supplementation
(1 trial, 48 women)68.
Pyridoxine has many roles, including neurological
development and function. Although in a systematic
review, pyridoxine supplementation did not
decrease the risk of pre-eclampsia, the trials were of
poor quality with poor reporting of substantive
outcomes, making it impossible to draw conclusions
(oral pyridoxine RR 1.71, 95% CI 0.85–3.45; 2
trials, 1197 women) (pyridoxine lozenges RR 1.43,
95% CI 0.64–3.22; 1 trial, 944 women)69.
Garlic may lower blood pressure70, reduce
oxidative stress71 and inhibit platelet aggregation72,
but a systematic review found no clear effect on
pre-eclampsia (RR 0.78, 95% CI 0.31–1.93). As
only one trial with 100 women was included,
further trials are needed to draw any reliable
conclusions about garlic and its effect on
pre-eclampsia73.
We were unable to identify trials administering
the following agents for primary prevention of
pre-eclampsia: vitamin A, selenium, copper and
iodine.
It must be noted that in some regions, there is
strong interest in traditional medicines for
pre-eclampsia prevention. Evidence is lacking to
support or refute these practices.

WOMEN AT INCREASED RISK

Women identified as being at ‘increased risk’ of
pre-eclampsia have been most commonly those
with a personal or family history of a hypertensive
disorder of pregnancy, chronic medical disease
(including hypertension), and/or an abnormal
uterine artery Doppler velocimetry before 24 weeks.
However, there was variability between studies in
inclusion criteria (including use of the roll-over test
reflecting increased sensitivity to angiotensin-II) and
other characteristics of the population, including
ethnicity, parity, socioeconomic status and access to
prenatal care. No study identified used only the
roll-over test to enroll women.
A growing literature suggests that combining
clinical, biochemical and/or ultrasonographic risk
markers may better identify women at increased
risk of pre-eclampsia (as as discussed in Chapter 5);
however, to date no intervention trial has used such
an approach to evaluate a preventative therapy74–76.
The ASPRE trial is doing so for aspirin (150 mg/d
at bedtime), as discussed below77. (Please see
Appendix 6.2 for details of individual randomised
controlled trials or systematic reviews of randomised
controlled trials that reported on the outcomes of
pre-eclampsia, gestational hypertension, maternal
morbidity, SGA infants, or neonatal morbidity such
as neonatal intensive care stay.)
Antihypertensive therapy

Antihypertensive therapy does not prevent
pre-eclampsia (RR 0.93, 95% CI 0.80–1.08; 23
trials, 2851 women) or the associated adverse
perinatal outcomes, but it decreases by half the
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during the previous year91. However, a recent
secondary analysis showed that 60 mg of aspirin
daily, initiated before or after 16 weeks’ gestation
was not effective for the prevention of
pre-eclampsia92. Therefore, aspirin may be more
effective when used at a higher dose6,93. Approximately
one-third of pregnant women are both resistant to
the effects of 75–80 mg of aspirin and at increased
risk of adverse pregnancy outcomes94,95. A
retrospective controlled study (270 women)
suggested that adjusting aspirin dosage based
on platelet function testing may improve the
effectiveness of aspirin without a demonstrated
increase in adverse neonatal outcomes96.
Furthermore, two randomised controlled trials
found that taking aspirin at bedtime (instead of the
morning) resulted in lower blood pressure and fewer
adverse pregnancy outcomes such as pre-eclampsia,
SGA babies and preterm birth97,98. Finally, aspirin
may be continued until delivery as was prescribed in
most trials; however, some care providers of
women in these trials stopped aspirin prior to
delivery and the benefits of continuing aspirin
throughout the third trimester have also been
questioned99 (see Chapters 8 and 10).

incidence of development of severe hypertension
(RR 0.49, 95% CI 0.40–0.60; 2 trials, 2558
women)78. Antihypertensive therapy cannot be
recommended for pre-eclampsia prevention until it
can be demonstrated that the decrease in maternal
blood pressure is not outweighed by a negative
impact on perinatal outcomes79,80. (Antihypertensive
therapy for treatment of elevated blood pressure is
discussed in Chapter 8)
Aspirin (low dose)

In women identified as at increased risk of
pre-eclampsia based on clinical characteristics,
low-dose aspirin results in a small decrease in
pre-eclampsia (RR 0.75, 95% CI 0.66–0.85; 18
trials; 4121 women for this outcome), preterm
delivery <37 weeks’ gestation (RR 0.89, 95% CI
0.81–0.97; I2 32%; 10 trials, 3252 women for this
outcome), perinatal death (RR 0.69, 95% CI
0.53–0.9; 17 trials, 4443 women for this outcome)
(40 trials, 33,098 women overall)6, and intrauterine
growth restriction (RR 0.80, 95% CI 0.65–0.99; I2
36.9%, 13 trials, 12,504 women for this outcome)81.
There is low level evidence that low-dose aspirin
may help to prevent pre-eclampsia (RR 0.67, 95%
CI 0.48–0.94; 5 trials, 898 women) in multiple
gestations82. The ASPRE trial is doing so for aspirin
(150 mg/d at bedtime) started in the first-trimester
in women identified as being at increased risk77.
Aspirin does not increase or decrease miscarriage
risk83. There is no evidence of short- or long-term
adverse effects on the mother or newborn.
Who should receive aspirin, in what dose,
and when are unclear. Subgroup analyses in
meta-analyses suggest a number of important
considerations. First, aspirin is more effective in
decreasing pre-eclampsia among women at high risk
(NNT 19, 95% CI 13–34) compared with those at
moderate risk (NNT 119, 95% CI 73–333), though
a recent meta-analysis did not show any effect of
preconceptionally started aspirin in reducing
hypertensive pregnancy complications in IVF
women84. Second, aspirin may be more effective at
decreasing the following outcomes when it is initiated before
16 weeks’ gestation: severe pre-eclampsia85, preterm
pre-eclampsia, preterm delivery, perinatal death
and SGA infants81,86–90. Preconception-initiated
low-dose aspirin was associated with the outcome
of higher live birth rates in women with a single
documented loss at less than 20 weeks’ gestation

Calcium

Oral calcium supplementation (of at least 1 g/d) in
high-risk women (e.g. teenagers or women older
than 40 years, women with previous pre-eclampsia,
women with increased sensitivity to angiotensin II,
women with pre-existing hypertension) was found
to decrease the incidence of pre-eclampsia (RR
0.22, 95% CI 0.12–0.42; 5 trials, 587 women),
gestational hypertension (RR 0.47, 95% CI
0.22–0.97; 4 trials, 327 women) and preterm
delivery (RR 0.45, 95% CI 0.24–0.83; 4 trials, 583
women)7. Three of the five relevant trials were
conducted in low calcium intake populations. No
trial included women with previous pre-eclampsia.
There were no documented adverse effects of
calcium supplementation, but none of these trials
of women at high risk of pre-eclampsia reported
the outcome of HELLP syndrome. An alternative
to supplementation may be an increase in dietary
calcium intake, by 3–4 dairy servings per day (as
one serving corresponds to 250–300 mg of calcium).
Oral calcium supplementation of <1 g/d is also
effective in mixed populations of women at low
and increased risk of pre-eclampsia, but the effect
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within each of these populations is not known. The
Calcium and Pre-eclampsia (CAP) Study is an
ongoing randomised trial of low-dose calcium
supplementation among women at high risk of
pre-eclampsia)100.

Garlic may decrease lipid peroxidation and
platelet aggregation. One small trial of 100 women
at increased risk of pre-eclampsia based on a positive
roll-over test found that garlic supplementation in
the third trimester of pregnancy reduced the
occurrence of gestational hypertension (18% vs.
36%, p = 0.04), but not of pre-eclampsia (14% vs.
18%, p = 0.80)103. Another small trial (N = 235)
found that coenzyme Q10 supplementation from
20 weeks until delivery (compared to placebo)
reduces the risk of developing pre-eclampsia (14.4%
vs. 25%, p = 0.035, RR 0.56, 95% CI 0.33–0.96)104.

Aspirin (low-dose) combined with calcium

Two small trials (91 women) have looked at the
combined effect of low-dose aspirin and calcium
supplementation (one <1 g/d101 and one more than
1 g/d102). The combined therapy from 20 to 27
weeks’ gestation was associated with a
non-significant decrease in pre-eclampsia (52.5%
vs. 73.1%, p = 0.11) and IUGR (25.0% vs. 4.8%,
p = 0.07) that may warrant further study, particularly
as both therapies are currently recommended
individually102. In particular, it is not known what
the effect would be of supplementation before
16–20 weeks of gestation, and bioavailability studies
are required to determine how much aspirin and
calcium are actually being absorbed by study
participants102. The other trial of aspirin and
low-dose calcium found that combined therapy
was associated with significant improvement in
pro-inflammatory factors of highly sensitive
C-reactive protein (hs-CRP), plasma total
antioxidant capacity (TAC) and total glutathione
(GSH)101.

Folate-containing multivitamin

Periconceptional and ongoing regular use of
multivitamins was associated with higher birth
weight centiles in a secondary analysis of the
Vitamins in Pre-eclampsia (VIP) (vitamin C and E
trial) in the UK105. Periconceptional use of a
folate-containing multivitamin is recommended
for all women of child-bearing age for prevention
of neural tube and, possibly, other birth defects.
The Canadian FACT trial of folic acid 0–1.1 mg
versus 4–5.1 mg (4.0 mg folic acid as the
intervention) from 10 to 14 weeks for the
prevention of pre-eclampsia has recently completed
recruitment and the results are anticipated106.
Heparin

Dietary changes

Heparin may improve placentally mediated
outcomes
through
anticoagulant
and/or
potentially non-anticoagulant actions, such as
endothelium-dependent vasodilation107 and/or
reversal of the anti-angiogenic actions of explanted
placental villi on cultured endothelial cells108.
A number of small randomised controlled trials
have studied prophylactic doses of heparin (mostly
low molecular weight heparin (LMWH)) for
women with a history of various placental
complications in previous pregnancies. The 2013
Cochrane review (9 trials, 979 women) found that
prophylactic doses of heparin (of any type)
compared with no treatment, decreased perinatal
mortality (2.9% vs. 8.6%; RR 0.40, 95% CI
0.20–0.78), preterm delivery before 34 weeks
(8.9% vs. 19.4%; RR 0.46, 95% CI 0.29–0.73), and
SGA infants (7.6% vs. 19.0%; RR 0.41, 95% CI
0.27–0.61) in women at high risk of placentally
mediated complications109. In another review
focused on only LMWH (6 trials, 848 women),

We were unable to identify trials of dietary salt
restriction on the incidence of pre-eclampsia among
women at increased risk. Women with pre-existing
hypertension who are already following a dietary
approached to stop hypertension (DASH) diet may
continue this diet during pregnancy, but there is no
evidence to support this practice.
We were unable to identify trials of a
heart-healthy diet for pre-eclampsia prevention.
Obesity is both a major public health problem
and a risk marker for pre-eclampsia. No effect
on gestational hypertension (or pre-eclampsia
specifically) has been demonstrated when
overweight women have received dietary
counselling during pregnancy to curb the rate of
weight gain (3 trials, 384 women)15. No trials have
addressed the impact of pre-pregnancy or early
pregnancy weight reduction on pre-eclampsia;
there are theoretical concerns about the impact of
starvation ketosis on fetal neurodevelopment16.
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LMWH, compared with no treatment, reduced the
risk of ‘severe’ or early-onset pre-eclampsia (1.7%
vs. 13.4%; RR 0.16, 95% CI 0.07–0.36), preterm
delivery before 37 weeks (32.1% vs. 47.7%; RR
0.77, 95% CI 0.62–0.96), and SGA infants (10.1%
vs. 29.4%; RR 0.42, 95% CI 0.29–0.59), without a
significant effect on perinatal mortality (pregnancy
loss >20 weeks 1.9% vs. 5.3%; RR 0.41, 95% CI
0.17–1.02)110. In both analyses, a significant decrease
in any pre-eclampsia was seen, but there was more
between-trial difference in pre-eclampsia incidence
than could be expected by chance alone, as was the
case in the LMWH analysis for a composite of
placentally mediated pregnancy complications (i.e.,
pre-eclampsia, placenta abruption, SGA infants, or
fetal loss after 12 weeks) (18.7% vs. 42.9%; RR
0.52, 95% CI 0.32–0.86). However, a recent trial
with 292 women observed no impact of antepartum
prophylactic dose dalteparin (5000 IU once daily
up to 20 weeks’ gestation and twice daily thereafter
until at least 37 weeks’ gestation) on a composite
outcome of severe or early onset pre-eclampsia,
SGA infants, pregnancy loss, or venous
thromboembolism in women with thrombophilia
at high risk of complications (venous
thromboembolism, pregnancy loss, or placentally
mediated pregnancy complications) in both
an intention-to-treat analysis (17.1%, 95% CI
11.4–24.2% vs. 18.9%, 95% CI 12.8–26.3%; risk
difference 1.8%, 95% CI 10.6–7.1%) and an
on-treatment analysis (19.6% vs. 17.0%; risk
difference +2.6%, 95% CI 6.4–11.6%), but there
was an increased risk of minor bleeding associated
with LMWH (19.6% vs. 9.2%; risk difference
10.4%, 95% CI 2.3–18.4; p = 0.01)111.
Pending the results of larger trials powered for
perinatal mortality or severe maternal morbidity, or
individual patient data meta-analysis of greater
numbers of smaller trials, LMWH for pre-eclampsia
prevention should be used cautiously. The
independent role of concomitant treatment with
aspirin also remains to be elucidated.
LMWH in prophylactic subcutaneous doses is
associated with minimal risks for the mother and,
theoretically, none for the fetus as it does not cross
the placenta. In a meta-analysis of 64 studies (2777
women), major allergic reactions were uncommon
(1.2%) and no woman developed heparin-induced
thrombocytopaenia. LMWH in prophylactic doses
was associated with very low risks of antenatal
bleeding (0.42%), intrapartum bleeding (0.92%)

and wound haematoma after either Caesarean or
vaginal delivery (0.65%)112. In the randomised
controlled trial cited above, LMWH was associated
with an increase in minor bleeding compared with
no treatment111. LMWH to prevent recurrent
early-onset pre-eclampsia and/or IUGR could be
stopped at 34–36 weeks’ gestation, so the potential
side-effects of LMWH intrapartum and postpartum
are not as relevant. However, a recent international
audit on maternal and fetal safety of tinzaparin (at
therapeutic and prophylactic doses), the adjudication
committee considered that serious bleeding events
(before, during and after delivery) were probably
related to tinzaparin therapy in 2.3% of pregnancies,
and possibly related to tinzaparin in 7.7% (1256
pregnancies in 1109 women)113. There was no
reported spinal haematoma; 10.4% of the women
received tinzaparin within 24 hours of epidural or
spinal anaesthesia with a median tinzaparin injection
to delivery interval of 12.9 hours (range 0–23.5).
Osteoporotic fractures occurred in 0.2% of women,
although all had other risk factors for osteoporosis.
Neonatal haemorrhage did not occur. Major allergic
reactions were uncommon (1.8%). No women
developed heparin-induced thrombocytopaenia.
L-arginine

Supplements containing L-arginine and ‘antioxidant
vitamins’ have been shown to reduce diastolic blood
pressure114 or both systolic and diastolic blood
pressure, and the incidence of pre-eclampsia in a
population at high risk of the condition (2 trials, 672
women)115,116. Another systematic review supported
that L-arginine supplements reduced the incidence
of pre-eclampsia in high-risk women (RR 0.34,
95% CI 0.21–0.55), as well as risk of preterm birth
(RR 0.48, 95% CI 0.28–0.81). The protective effect
was greater in women with established hypertensive
disease (RR 0.21, 95% CI 0.05–0.98)117. Data from
several small randomised trials suggests that
L-arginine given to women with already diagnosed
gestational hypertension (with or without
proteinuria) or with IUGR can lead to improvement
of maternal blood pressure and uteroplacental
circulation118–123.Optimal dosage needs to be defined
and large randomised trials are required.
Lifestyle changes

There are robust epidemiological data that weight
gain between pregnancies (even in non-obese
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women (BMI >35 kg/m2) randomised to
metformin (1–3 g daily, gradually titrated over 4
weeks) or placebo, metformin was associated with
a significant decrease in pre-eclampsia (2.0% vs.
8.2%, p = 0.005)132. Further studies are warranted.

women) is associated with significantly more
pre-eclampsia and other pregnancy complications,
such as Caesarean delivery and gestational diabetes124.
Physical activity is associated with a reduced
incidence of pre-eclampsia125,126. In women at
increased risk of pre-eclampsia, it is not known
whether exercise (to improve or maintain fitness) is
of greater benefit than risk. No impact of exercise
was seen on gestational hypertension or
pre-eclampsia (2 trials, 45 women), although the
trials were small and the confidence intervals were
wide126,127. Similar results were seen in another
small trial of 79 sedentary women with previous
pre-eclampsia, among whom walking exercise vs.
stretching exercise during pregnancy did not
decrease the incidence of pre-eclampsia128.
Physically demanding work is associated with a
higher risk of gestational hypertension and
pre-eclampsia (OR 1.60, 95% CI 1.30–1.96; 4
observational studies, 5837 women)36. Although
workload reduction is a common obstetric
intervention, we were unable to identify randomised
studies of workload or stress reduction on the
incidence of pre-eclampsia. These are unlikely to
be forthcoming given the nature of the interventions.
Increased rest at home (varying from 30 minutes
to 6 hours/day) in the third trimester of pregnancy
decreased the incidence of pre-eclampsia (RR
0.05, 95% CI 0.00–0.83; 1 trial, 32 women for
increased rest alone; RR 0.13, 95% CI 0.03–0.51
for rest plus a nutrient supplement; 1 trial, 74
women)129. Other substantive outcomes (such as
adverse effects of rest and women’s views) were not
reported. There is a lack of clarity about the
definition of bed rest and uncertainty about
whether women comply with activity restriction130.

Micronutrients other than calcium

Magnesium supplementation (various preparations)
administered to a mixed population of women at
low and high risk in (7 trials, 2689 women) did not
decrease the risk of pre-eclampsia, but decreases
were seen in preterm birth (RR 0.73, 95% CI
0.57–0.94), low birth weight (RR 0.67, 95% CI
0.46–0.96) and incidence of SGA infants (RR
0.70, 95% CI 0.53–0.93)40. However, no
conclusions can be drawn because only one
included trial was of high quality.
In one trial (100 women), selenium
supplementation in the third trimester was reported
to decrease gestational hypertension, but this was
not defined133. Another small trial (166 women)
found no significant decrease in the rate of
pre-eclampsia134.
One study found that daily ingestion of a
phytonutrient supplement did not decrease rates of
pre-eclampsia in high-risk women135.
We did not identify trials of zinc, pyridoxine,
iron (with/without folic acid), zinc, multivitamins
with/without micronutrients, vitamin A, iodine,
or copper for pre-eclampsia prevention in women
at increased risk.
Prostaglandin precursors

According to the most recent Cochrane systematic
review, prostaglandin precursors did not decrease
the risk of pre-eclampsia in mixed populations of
women at low and high risk (RR 0.87, 95% CI
0.59–1.28; 5 trials, 1683 women)45. Birth before
34 weeks was marginally decreased (RR 0.69, 95%
CI 0.49–0.99). However, a recent trial including
pregnant women with previous pregnancy
complications showed that fish oil supplementation
was associated with a more advanced gestational
age at delivery in low and middle (but not high)
fish consumers136.

Metformin

One trial (N = 105 women) observed that women
with polycystic ovarian syndrome (PCOS)
randomised to receive metformin (vs. placebo)
from the first-trimester of pregnancy showed
significant improvement of the uterine artery
Doppler pulsatility index to a similar extent as that
observed with low-dose aspirin131. This trial did
not have the power to observe a significant
difference in the rate of pre-eclampsia (5.7% with
metformin, 5.7% with aspirin, and 11.4% in the
placebo group, p = 0.58). However, in a secondary
analysis of another trial of 400 obese non-diabetic

Vitamins C and E

In five trials (3005 women) of women at increased
risk of pre-eclampsia for various reasons,
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antioxidants (usually combined therapy with
vitamins C 1000 mg/d and E 400 international
units/day) did not decrease the risk of pre-eclampsia
(RR 0.56, 95% CI 0.29–1.11)56. These findings
were supported by subsequent trials137,138. Vitamins
C and E have been associated with adverse
outcomes, including increased use of intravenous
antihypertensive therapy (RR 1.94, 95% CI
1.07–3.53)139, low birth weight babies (28%
(N = 387) vs. 24% (N = 335), RR 1.15, 95% CI
1.02–1.30; 2395 women)131, fetal loss or perinatal
death (RR 2.20, 95% CI 1.02–4.73; 2536 women),
preterm prelabour rupture of membranes (RR
1.97, 95% CI 1.31–2.98; 2363 women)140.

• Low rates of antenatal visits and low levels of
education in the population, which could be
addressed by community engagement and
educational activities146,147.
• Poverty and weak public infrastructure (such as
paved roads and available transportation) which
prevent access to health care148. Addressing these
issues will require engagement of government
and policy makers.
• A shortage of trained health care workers146,149.
Major efforts have been directed towards ‘task
shifting’, training and employing community
health care workers to play a fundamental role
within the health care system in LMICs. In this
way, it is hoped that women with hypertensive
disorders of pregnancy will receive timely care.
This strategy recognises that the majority of
pre-eclampsia related deaths in LMICs occur in
the community146.
• A lack of high quality guidance material such as
protocols and guidelines150, something that this
book aims to address for the hypertensive
disorders of pregnancy.

Nitric oxide donors

Nitric oxide (NO) donors like pentaerithrityltetranitrate (PETN) have protective effects on the
endothelium. One trial found no decrease in
pre-eclampsia from NO-donor PETN, but a
decrease in IUGR and/or perinatal death (adjusted
RR 0.41, 95% CI 0.18–0.91) and for IUGR
(adjusted RR 0.44, 95% CI 0.20–0.97), and
preterm birth before 32 weeks’ gestational age
(adjusted RR 0.20, 95% CI 0.05–0.80)141.

What follows here are implications relevant
to resource-constrained settings for the given
recommendations to help prevent pre-eclampsia.

Other
Aspirin (low dose)

Treatment of periodontal disease is not associated
with a reduced risk of pre-eclampsia (4 trials)142,143.
However, it is possible that the type of treatment
(scaling vs. chlorexidine mouthwash) could
influence its impact, as it has been seen for
prevention of preterm birth144.

A decision analytic model comparing aspirin
prophylaxis (vs. no prophylaxis) in a theoretical
cohort of 100,000 pregnant women concluded
that it was a more cost-effective strategy than no
prophylaxis. Lower costs ($18,720 vs. $18,804) and
marginal difference in quality-adjusted life years
(26.7417 vs. 26.7422) favours aspirin prophylaxis
– a better choice than no prophylaxis151.

RESOURCE-CONSTRAINED SETTINGS

Pre-eclampsia is “. . . considerably more prevalent
in LMICs [low- and middle-income countries]
than in affluent communities”145. Furthermore,
over 99% of pre-eclampsia and eclampsia-related
mortality occurs in LMICs, particularly in
sub-Sahara Africa and on the Indian subcontinent146.
Factors that determine the potential impact of an
intervention on prevention of pre-eclampsia
include its availability, acceptability and
cost-effectiveness, as well as the strength of the
infrastructure of a health care system. The latter is
where LMICs face the greatest challenge. Their
unique challenges to intervention implementation
include:

Calcium supplementation

The impact of calcium in reducing pre-eclampsia is
dependent on the baseline calcium intake of the
population and pre-existing risk factors152,153. Global
trends of dietary calcium intake typically show
lower intake in LMICs (ranging from 300 to
600 mg/day) compared with high-income countries
(e.g., 969 mg for France)154. Although these data
suggest that calcium supplementation is particularly
important for women in developing countries,
suboptimal global implementation of this
intervention remains. In a study of women
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receiving antenatal care in Brazilian public hospitals,
over 90% of women consumed less than 1 g of
calcium per day, yet less than 6% of women
received a prescription for calcium supplements155.
Similar results were observed in a teaching public
hospital in Argentina156.
Implementation of the recommended high-dose
calcium supplementation (1 g calcium/day or more)
in settings of low-dietary calcium is problematic to
policy-makers and programme managers in LMICs
for a number of reasons157. Lack of infrastructure
challenges the procurement of the preparation,
transportation of the heavy tablets, storage, quality
control and compliance assurance158. The cost
implications of the recommended calcium
supplementation dose may be a financial barrier; for
example, chewable calcium carbonate tablets cost
US $3–6/pregnancy159. A cost–benefit ratio must
be considered by ministries of health in decisions
to scale up this intervention149. Also, there are
potential risks of calcium supplementation,
particularly
in
excess,
associated
with
supplementation in pregnancy, such as HELLP
syndrome7 and rebound postnatal bone
demineralisation following supplementation in
pregnancy160.
Potential solutions to the problems discussed
include a recently developed micronutrient powder
designed to optimise absorption of all its contents
(calcium, iron and folic acid)161 and low-dose
calcium supplementation for which there are
limited data suggesting effectiveness in reducing
pre-eclampsia risk7. Until these findings are
confirmed by larger, sufficiently powered
randomised trials100,162, lower-dose supplements
(500–600 mg/day) may be considered in preference
to no supplementation in settings of low dietary
calcium where high-dose supplementation is not
feasible7,152.
Cost-effectiveness analyses of increasing calcium
intake should consider increasing dietary intake
versus calcium supplementation, with consideration
that many countries do not have sufficient availability
of dairy products to meet dietary needs163.

In India, for example, about 25% of pregnant
women are folate deficient164.
Global periconceptional folic acid supplement
use is low, taken by fewer than 50% of women in
many countries165. A study of American women
found that 29.7% used periconceptional folic acid
supplement166. A study of 21,889 women in
Tanzania in a geographical area with a high
prevalence of anaemia found a prenatal intake of
folic acid of 17.2%; notably, women were less likely
to take folic acid supplements if they had
pre-eclampsia/eclampsia during pregnancy (OR
0.48, 0.38–0.61)167.
Factors associated with lower preconceptional
use of folic acid are younger age, lower levels of
maternal formal education, single marital status and
unplanned pregnancy. In Canada, folic acid
supplementation has been shown to vary according
to maternal country of origin. In comparison with
Canadian born women, immigrants from Northern
African, Middle Eastern, Caribbean, Latin
American, a South Pacific country or from China
were significantly less likely to use supplements168.
It may be that certain groups of immigrant women
engage in less family planning and have more
unintended pregnancies, lack knowledge regarding
the benefit of folic acid supplementation, or cannot
afford tablet supplements165. Policy makers and
health practitioners can be aware of risk factors for
low use and help increase folic acid supplementation
in these populations.
Exercise

Literature suggests that physical activity declines
during pregnancy169,170. Barriers to activity during
pregnancy reported by women include pregnancy
symptoms, lack of time, access to child care and
concerns about their safety and that of their unborn
baby171–175 and lack of advice from health
professionals176. Conversely, significant enablers
included positive psychological feelings, family
influence and receiving advice from health
professionals177.
A lack of information by certain populations
may contribute to low levels of exercise in
pregnancy. A very recent study in a developing
country found that only 36.6% of women thought
that regular exercise was not harmful during
pregnancy178. Low-income African American
women report several factors that prevent them

Folate-containing multivitamin

An average of 20–30% of pregnant women have
a vitamin deficiency of some kind. Without
supplementation, approximately 75% of these
women would show a deficit of at least one vitamin.
111

THE FIGO TEXTBOOK OF PREGNANCY HYPERTENSION

from exercising, including a lack of information
about safe types, frequency and duration of exercise.
Cultural myths also exist about certain types of
movements that are believed to potentially cause
problems with pregnancy. For example, placing
arms over their heads raised concerns that the
umbilical cord would wrap around and strangulate
the baby’s neck179. This population also reports
both a lack of motivation to exercise in pregnancy
and a decreased level of physical activity in
pregnancy180. Health care providers can be aware
that cultural myths that may decrease exercise, and
can pose questions to understand the beliefs of their
patients regarding physical activity in pregnancy. It
may be beneficial to provide information to help
dispel misperceptions and ensure women
understand the role of exercise in contributing to
health pregnancy outcomes.

case of severe pre-eclampsia or a SGA infant was
$54.00181. Further research is needed to clarify
whether LMWH can be considered a cost-effective
intervention in resource-constrained settings.
Lifestyle changes

Although no randomised trials exist on stress
reduction on the incidence of pre-eclampsia, studies
do suggest possible benefits for women at increased
risk. Proximity to city parks has been shown to be
associated with a beneficial impact on blood pressure
during the first trimester of pregnancy182. Further
research is needed to elucidate the mechanism
accounting for this benefit and to determine
whether the recommendation of visiting a green
area is an effective and cost-effective intervention.
Yoga is a method associated with stress reduction.
High-risk pregnant women in a controlled trial that
were randomised into a yoga versus control group
showed a significant reduction in pre-eclampsia
(p = 0.042). Further research is needed to determine
whether this is a cost-effective intervention for
women183.

Low molecular weight heparin

If LMWH were effective for prevention of placental
complications, a dalteparin study (116 women)
found that the incremental cost of preventing one

BEST PRACTICE POINTS

(Please see Appendix 6.3 for the evaulation of the strength of recommendations and the quality of the
evidence on which they are based.)
Prevention of pre-eclampsia in women at low risk

1. Calcium supplementation (of at least 1 g/d, orally) is recommended for women with low dietary
intake of calcium (<600 mg/d, corresponding to less than two dairy servings per day).
2. The following are recommended for other established beneficial effects in pregnancy: abstention
from alcohol for prevention of fetal alcohol effects, exercise for maintenance of fitness, periconceptional
use of a folate-containing multivitamin for prevention of neural tube defects and smoking cessation
for prevention of low birth weight and preterm birth.
3. The following may be useful: periconceptional and ongoing use of a folate-containing multivitamin
or exercise.
4. The following are not recommended for pre-eclampsia prevention, but may be useful for prevention
of other pregnancy complications: prostaglandin precursor or supplementation with magnesium or
zinc.
5. The following are not recommended: dietary salt restriction during pregnancy, calorie restriction
during pregnancy for overweight women, low-dose aspirin, vitamins C and E or thiazide diuretics.
6. There is insufficient evidence to make a recommendation about the following: a heart-healthy diet,
workload or stress reduction, supplementation with iron with/without folate, pyridoxine, or food
rich in flavanoids.
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Prevention of pre-eclampsia in women at increased risk

1. The following are recommended for prevention of pre-eclampsia: low-dose aspirin and calcium
supplementation (of at least 1 g/d) for women with low calcium intake.
2. Low-dose aspirin (75–100 mg/d) should be administered at bedtime and initiated after diagnosis of
pregnancy but before 16 weeks’ gestation and may be continued until delivery.
3. Prophylactic doses of LMWH may be considered in women with previous placental complications
(including pre-eclampsia) to prevent the recurrence of ‘severe’ or early-onset pre-eclampsia, preterm
delivery, and/or SGA infants.
4. The following may be useful: L-arginine, metformin in PCOS and/or overweight women, increased
rest at home in the third trimester and reduction of workload or stress.
5. The following may be useful for prevention of other pregnancy complications: prostaglandin
precursors, magnesium supplementation and heparin thromboprophylaxis.
6. The following are recommended for other established beneficial effects in pregnancy (as discussed
for women at low risk of pre-eclampsia): abstention from alcohol, periconceptional use of a
folate-containing multivitamin and smoking cessation.
7. The following are not recommended: calorie restriction in overweight women during pregnancy,
weight maintenance in obese women during pregnancy, antihypertensive therapy specifically to
prevent pre-eclampsia, vitamins C and E.
8. There is insufficient evidence to make a recommendation about the usefulness of the following: the
heart-healthy diet, exercise, selenium, garlic, zinc, pyridoxine, iron (with or without folate), or
multivitamins with/without micronutrients all.
initiation in early pregnancy185–189, and three
guidelines recommend that it continue until
delivery186,187,189. Women at increased risk are
recommended NOT to restrict dietary salt by three
guidelines185,186,188 or to take vitamins C and/or E
by four guidelines185–188.

WHAT INTERNATIONAL GUIDELINES
SAY

A systematic review of 13 international clinical
practice guidelines (CPGs) on hypertensive
disorders of pregnancy184 summarises international
consensus regarding definitions for women at low
and at increased risk of pre-eclampsia.
Women at low risk are recommended NOT
to restrict dietary salt or take vitamins C and/or
E by four guidelines185–188 and NOT to take
diuretics by three guidelines186–188. Only two
guidelines recommend calcium supplementation
(1–2 g/day)187,188. Only one guideline (SOGC,
Society of Obstetricians and Gynaecologists of
Canada) mentioned low-dose aspirin as an
intervention that was NOT recommended187. One
guideline (SOGC) reported several interventions
with insufficient evidence to make a
recommendation, including a heart-healthy diet,
workload or stress reduction, iron supplementation
with/without folate, vitamin D, pyridoxine and
food rich in flavonoids187.
Women at increased risk of pre-eclampsia are
recommended to take calcium supplementation
(1–2.5 g/d) if they have low calcium intake by
three guidelines187–189. Five guidelines recommended
low-dose aspirin (60–162 mg/d)185–189 with

SUMMARY

Pre-eclampsia and its complications represent an
important cause of maternal and perinatal morbidity
and mortality. Optimising primary prevention efforts
in the periconceptional and antenatal period are
essential to reduce this burden. This chapter
summarises the most current evidence-based
recommendations regarding lifestyle changes and
drugs that have been shown to help prevent
pre-eclampsia and its complications. Health care
providers should promote these recommendations to
help minimise the deleterious effects of pre-eclampsia
and its complications. Considerations unique to
LMIC and to marginalised populations that may affect
implementation of recommended interventions are
also presented. Reducing the impact of pre-eclampsia
in LMIC countries and marginalised populations will
require health systems capacity building, strengthening
of infrastructure, and implementation of interventions
appropriate to low-resource settings.
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pregnancy for preventing hypertensive disorders and
related problems. Cochrane Database Syst Rev
2014;Issue 6:CD001059

PRIORITIES FOR FUTURE RESEARCH

This chapter identifies gaps in knowledge regarding
the prevention of pre-eclampsia. The effectiveness
of prevention efforts relies on the dissemination of
knowledge among health care providers and
women with subsequent uptake of given
recommendations. To help identify barriers and
help achieve these objectives, there is a need for
further implementation research.
Further research is also needed to elucidate the
effects of the following in preventing pre-eclampsia
in low-risk women: a heart-healthy diet; workload
or stress reduction; supplementation with iron
without or without folate; and pyridoxine or food
rich in flavonoids. In women at increased risk,
further investigation is required regarding the
effects of the heart-healthy diet; exercise;
selenium; garlic; zinc; pyridoxine; iron (with or
without folate); and multivitamins with/without
micronutrients.

von Dadelszen P, Magee LA, Taylor EL, Muir JC,
Stewart SD, Sherman P, et al. Maternal Hypertension
and Neonatal Outcome Among Small for Gestational
Age Infants. Obstet Gynecol 2005;106:335–9

2.

McCowan LM, Pryor J, Harding JE. Perinatal
predictors of neurodevelopmental outcome in
small-for-gestational-age children at 18 months of age.
Am J Obstet Gynecol 2002;186:1069–75

3.

Ogge G, Chaiworapongsa T, Romero R, Hussein Y,
Kusanovic JP, Yeo L, et al. Placental lesions associated
with maternal underperfusion are more frequent in
early-onset than in late-onset pre-eclampsia. J Perinat
Med 2011 Nov;39(6):641–52

4.

5.

6.

7.

Belizan JM, Villar J. The relationship between
calcium intake and edema-, proteinuria-, and
hypertension-getosis: an hypothesis. Am J Clin Nutr
1980;33:2202-10

9.

Villar J, Abdel-Aleem H, Marialdi M, Mathai M, Ali
MM, Zavaleta et al. World Health Organization
randomized trial of calcium supplementation among
low calcium intake pregnant women. Am J Obstet
Gynecol 2006;194:639–49

10. Imdad A, Bhutta ZA. Effects of calcium
supplementation during pregnancy on maternal, fetal
and birth outcomes. Paediatric and Perinatal
Epidemiology 2012;26(Suppl 1):138–152
11. Jariou LM, Laskey MA, Sawo Y, Goldberg GR, Cole
TJ, Prentice A. Effect of calcium supplementation in
pregnancy on maternal bone outcomes in women
with a low calcium intake. Am J Clin Nutr 2010 Aug;
92(2):450–7
12. Allen R, Rogozinska E, Sivarajasingam P, Khan A,
Thangaratinam S. Effect of diet and life style
based metabolic risk modifying interventions on
preeclampsia: A meta-analysis. Acta Obstetricia et
Gynecologica Scandinavica 2014;93(10):973–985

REFERENCES
1.

8.

13. Duley L, Henderson-Smart D, Meher S. Altered
dietary salt for preventing pre-eclampsia, and its
complications. Cochrane Database Syst Rev 2005;
CD005548
14. Frederick IO, Williams MA, Dashow E, Kestin M,
Zhang C, Leisenring WM. Dietary fiber, potassium,
magnesium and calcium in relation to the risk of
preeclampsia. J Reprod Med 2005;50:332–44
15. Ota E, Hori M, Mori R, Tobe-Gai R, Farrar D.
Antenatal dietary advice and supplementation to
increase energy and protein intake. Cochrane Database
Syst Rev 2015;CD000032

Khan NA, McAlister FA, Rabkin SW, Padwal R,
Feldman RD, Campbell NR, et al. The 2006
Canadian
Hypertension
Education
Program
recommendations for the management of hypertension:
Part II – Therapy. Can J Cardiol 2006;22:583–93

16. Rudolf MC, Sherwin RS. Maternal ketosis and its
effects on the fetus. Clin Endocrinol Metab 1983;12:
413–28

Alcohol, nicotine, substance use. Motherisk Program,
March 14, 2007. Available at: http://www.motherisk.
org/prof/alcohol.jsp. Accessed January 23, 2008

17. Brantsaeter AL, Myhre R, Haugen M, Myking S,
Sengpiel V, Magnus P, et al. Intake of probiotic food
and risk of preeclampsia in primiparous women: the
Norwegian Mother and Child Cohort Study. Am J
Epidemiol 2011 Oct 1;174(7):807–15

Duley L, Henderson-Smart DJ, Meher S, King JF.
Antiplatelet agents for preventing pre-eclampsia and
its complications. Cochrane Database Syst Rev 2007
Apr 18;(2):CD004659

18. Saftlas AF, Triche EW, Beydoun H, Bracken MB.
Does chocolate intake during pregnancy reduce the
risks of preeclampsia and gestational hypertension?
Ann Epidemiol 2010 Aug;20(8):584–91

Hofmeyr GJ, Lawrie TA, Atallah AN, Duley L,
Torloni MR. Calcium supplementation during

114

PREVENTING PRE-ECLAMPSIA AND ITS COMPLICATIONS
activity during pregnancy and risk of preeclampsia.
Hypertension 2003;41:1273–80

19. DiRenzo GC, Brillo E, Romanelli M, Porcaro G,
Capanna F, Kanninen TT, et al. Potential effects
of chocolate on human pregnancy: a randomized
controlled trial. J Matern Fetal Neonatal Med 2012
Oct;25(10):1860–7

31. Marcoux S, Brisson J, Fabia J. The effect of leisure
time physical activity on the risk of pre-eclampsia and
gestational hypertension. J Epidemiol Community
Health 1989;43:147–52

20. Mogollon JA, Bujold E, Lemieux S, Bourdages M,
Blanchet C, Bazinet L, et al, Blood pressure and
endothelial function in healthy, pregnant women
after acute and daily consumption of flavanol-rich
chocolate: a pilot randomized controlled trial.
Nutrition Journal 2013;12:41

32. Landsbergis PA, Hatch MC. Psychosocial work stress
and pregnancy-induced hypertension. Epidemiology
1996;7:346–51
33. Aune D, Saugstad OD, Henriksen T, Tonstad S.
Physical activity and the risk of preeclampsia: a
systematic review and meta-analysis. Epidemiology
2014;25(3):331–43

21. Dodin S. Consumption of Chocolate in Pregnant
Women. (CHOCENTA) In: ClinicalTrials.gov
[Internet]. Bethesda (MD): National Library of
Medicine (US). 2000–2016. Available from: URL of
the record NLM Identifier: NCT01431443

34. Kasawara KT, do Nascimento SL, Costa ML, Surita
FG, e Silva JL. Exercise and physical activity in the
prevention of pre-eclampsia: systematic review. Acta
Obstet Gynecol Scand 2012;91(10):1147–57

22. Goh YI, Bollano E, Einarson TR, Koren G. Prenatal
multivitamin supplementation and rates of congenital
anomalies: a meta-analysis. J Obstet Gynaecol Can
2006;28:680–9
23. Kubik P, Kowalska B, Laskowska-Klita
Chelchowska M, Leibschang J. Effect
vitamin-mineral supplementation on the status
some microelements in pregnant women [article
Polish]. Przegl Lek 2004;61:764–8

35. Santos IA, Stein R, Fuchs SC, Duncan BB, Ribeiro
JP, Kroeff LR, et al. Aerobic exercise and submaximal
functional capacity in overweight pregnant women: a
randomized trial. Obstet Gynecol 2005;106:243–9

T,
of
of
in

36. Mozurkewich EL, Luke B, Avni M, Wolf FM.
Working conditions and adverse pregnancy outcome:
a meta-analysis. Obstet Gynecol 2000;95:623–35

24. Bodnar LM, Tang G, Ness RB, Harger G, Roberts
JM. Periconceptional multivitamin use reduces the
risk of preeclampsia. Am J Epidemiol 2006;164:
470–7

37. Klonoff-Cohen HS, Cross JL, Pieper CF. Job stress
and preeclampsia. Epidemiology 1996;7:245–9
38. Bonzini M, Coggon D, Palmer KT. Risk of
prematurity, low birthweight and pre-eclampsia in
relation to working hours and physical activities: a
systematic review. Occup Environ Med 2007;64:
228–43

25. Wen SW, Champagne J, Rennicks White R, Coyle
D, Fraser W, Smith G, Fergusson D, Walker MC.
Effect of folic acid supplementation in pregnancy
on preeclampsia: the folic acid clinical trial study.
J Pregnancy 2013;2013:294–312

39. Mahomed K. Zinc supplementation in pregnancy.
Cochrane Database Syst Rev 2000;CD000230165

26. Kramer MS, McDonald SW. Aerobic exercise for
women during pregnancy. Cochrane Database Syst
Rev 2006;3:CD000180

40. Makrides M, Crosby DD, Bain E, Crowther CA.
Magnesium supplementation in pregnancy. Cochrane
Database Syst Rev 201401;Issue 4:CD000937

27. Lombardi W, Wilson S, Peniston PB. Wellness
intervention with pregnant soldiers. Mil Med 1999;
164:22–9

41. Thaver D, Saeed MA, Bhutta ZA. Pyridoxine (vitamin
B6) supplementation in pregnancy. Cochrane Database
Syst Rev 2006;CD000179

28. Rudra CB, Williams MA, Lee IM, Miller RS,
Sorensen TK. Perceived exertion during prepregnancy
physical activity and preeclampsia risk. Med Sci Sports
Exerc 2005;37:1836–41

42. Bullarbo M, Odman N, Nestler A, Nielsen T,
KolisekM, Vormann J, Rylander R. Magnesium
supplementation to prevent high blood pressure in
pregnancy: a randomized placebo control trial. Arch
Gynecol Obstet 2013;288(6):1269–74

29. Saftlas AF, Logsden-Sackett N, Wang W, Woolson R,
Bracken MB. Work, leisure-time physical activity, and
risk of preeclampsia and gestational hypertension. Am
J Epidemiol 2004;160:758–65

43. Mori R, Ota E, Middleton P, Tobe-Gai R, Mahomed
K, Bhutta ZA. Zinc supplementation for improving
pregnancy and infant outcome. Cochrane Database of
Syst Rev 2012;CD000230

30. Sorensen TK, Williams MA, Lee IM, Dashow EE,
Thompson ML, Luthy DA. Recreational physical

115

THE FIGO TEXTBOOK OF PREGNANCY HYPERTENSION
in pregnancy. Cochrane Database Syst Rev 2013;
Issue 10: CD001055

44. Parrish MR, Martin JN Jr, Lamarca BB, Ellis B,
Parrish SA, Owens MY, May WL. Randomized,
placebo controlled, double blind trial evaluating early
pregnancy phytonutrient supplementation in the
prevention of preeclampsia. J Perinatol 2013;33(8):
593–9

55. Coleman T, Cooper S, Thornton JG, Grainge MJ,
Watts K, Britton J, et al. A randomized trial of
nicotine-replacement therapy patches in pregnancy.
N Engl J Med 2012 Mar 1;366(9):808–18

45. Makrides M, Duley L, Olsen SF. Marine oil, and
other prostaglandin precursor, supplementation for
pregnancy uncomplicated by pre-eclampsia or
intrauterine growth restriction. Cochrane Database
Syst Rev 2006;3:CD003402

56. Churchill D, Beevers G, Meher S, Rhodes C.
Diuretics for preventing pre-eclampsia. Cochrane
Database Syst Rev 2007;CD004451
57. Rumbold A, Duley L, Crowther CA, Haslam, RR.
Antioxidants for preventing pre-eclampsia. Cochrane
Database Syst Rev 2008 Jan 23;(1):CD004227

46. Zhou SJ, Yelland L, McPhee AJ, Quinlivan J, Gibson
RA, Makrides M. Fish-oil supplementation in
pregnancy does not reduce the risk of gestational
diabetes or preeclampsia. Am J Clin Nutr 2012;95:
1378–84

58. Roberts JM, Myatt L, Spong CY, Thom EA, Hauth
JC, Leveno KJ, et al. Vitamins C and E to prevent
complications of pregnancy-associated hypertension.
N Engl J Med 2010 Apr 8;362(14):1282–91

47. Health Canada: Potential chemical contamination of
food [Internet]. Available at: [cited 2008 Jan 23].
Available
from
http://www.hc-sc.gc.ca/fn-an/
nutrition/prenatal

59. Xu H, Perez-Cuevas R, Xiong X, Reyes H, Roy C,
Julien P, et al. An international trial of antioxidants in
the prevention of preeclampsia (INTAPP). Am J
Obstet Gynecol 2010 Mar;202(3):239.e1–239.e10

48. 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 Jan;31(1):66–74

60. Mahdy ZA, Siraj HH, Khaza’ai H, Mutalib MS,
Azwar MH, Wahab MA, Dali AZ, Jaafar R, Ismail
NA, Jamil MA, Adeeb N. Does pal oil vitamin E
reduce the risk of pregnancy induced hypertension?
Acta Medica 2013;56(3):104–9

49. Hammoud AO, Bujold E, Sorokin Y, Schild C, Krapp
M, Baumann P. Smoking in pregnancy revisited:
findings from a large population-based study. Am J
Obstet Gynecol 2005 Jun;1 92(6):1856–62; discussion
1862–3

61. Kiondo P, Wamuyu-Maina G, Wandabwa J, Bimenya
GS, Tumwesigye NM, Okong P. The effects of
vitamin C supplementation on pre-eclampsia in
Mulago Hospital, Kampala, Uganda: a randomized
placebo controlled clinical trial. BMC Pregnancy and
Childbirth 2014;14(283)

50. Conde-Agudelo A, Althabe F, Belizán JM,
Kafury-Goeta AC. Cigarette smoking during
pregnancy and risk of preeclampsia: a systematic
review. Am J Obstet Gynecol 1999 Oct;181(4):
1026–35

62. Hypponen E: Vitamin D for the prevention of
preeclampsia? A hypothesis. Nutr Rev 2005;63:
225–232

51. Hammoud AO, Bujold E, Sorokin Y, Schild C, Krapp
M, Baumann P. Smoking in pregnancy revisited:
findings from a large population-based study. Am J
Obstet Gynecol 2005 Jun;1 92(6):1856–62; discussion
1862–3

63. Zehnder D, Bland R, Chana RS, Wheeler DC,
Howie AJ, Williams MC, Stewart PM, Hewison M.
Synthesis of 1,25-dihydroxyvitamin D(3) by human
endothelial cells is regulated by inflammatory
cytokines: a novel autocrine determinant of vascular
cell adhesion. J Am Soc Nephrol 2002;13:621–629

52. Salihu HM, Wilson RE. Epidemiology of prenatal
smoking and perinatal outcomes. Early Human
Development 2007;83(11):713–20

64. Evans KN, Bulmer JN, Kilby MD, Hewison M.
Vitamin D and placental-decidual function. J Soc
Gynecol Investig 2004;11:263–271

53. Institute of Medicine (US) Committee on
Understanding Premature Birth and Assuring Healthy
Outcomes. 2007 http://www.ncbi.nlm.nih.gov/
pubmed/20669423 US DHHS 2004

65. Tabesh M, Salehi-Abarguoei A, Tabesh M,
Esmaillzadeh A. Maternal vitamin D status and risk of
pre-eclampsia: a systematic review and meta-analysis.
J Clin Endocrinol Metab 2013;98(8):3165–3173

54. Chamberlain C, O’Mara-Eves A, Oliver S, Caird JR,
Perlen SM, Eades SJ, Thomas J. Psychosocial
interventions forsupporting women to stop smoking

66. Hypponen E, Cavadino A, Williams D, Fraser A,
Vereczkey A, Fraser WD, Banhidy F, Lawlor D,

116

PREVENTING PRE-ECLAMPSIA AND ITS COMPLICATIONS
hypertension during pregnancy. Cochrane Database
Syst Rev 2001;CD002252

Czeizel AE. Vitamin D and pre-eclampsia: original
data, systematic review and meta-analysis. Ann Nutr
Metab 2013;63:331–340

79. Magee LA, von Dadelszen P, Chan S, Gafni A, Gruslin
A, Helewa ME, et al. The CHIPS Pilot Trial
Collaborative Group. The Control of Hypertension
In Pregnancy Study pilot trial. BJOG 2007;114:
770-e20

67. Steer PJ. Maternal hemoglobin concentration and
birth weight. Am J Clin Nutr 2000 May;71(5 Suppl):
1285S-7S
68. Pena-Rosas JP, Viteri FE. Effects of routine oral iron
supplementation with or without folic acid for women
during pregnancy. Cochrane Database Syst Rev 2006;
3:CD004736

80. Magee LA, von Dadelszen P, Chan S, Gafni A, Gruslin
A, Helewa ME, et al. The CHIPS Pilot Trial (Control
of Hypertension In Pregnancy Study). Hypertens
Pregnancy 2006;25:21

69. Salam RA, Zuberi NF, Bhutta ZA. Pyridoxine
(vitamin B6) supplementation during pregnancy or
labour for maternal and neonatal outcomes. Cochrane
Database Syst Rev 2015; Issue 6: CD000179

81. Henderson JT, Whitlock EP, O’Connor E, Senger
CA, Thompson JH, Rowland MG. Low-Dose Aspirin
for the Prevention of Morbidity and Mortality From
Preeclampsia: A Systematic Evidence Review for the
U.S. Preventive Services Task Force. Ann Intern Med
2014 May 20;160(10):695–703

70. Silagy CA, Neil HAW. A meta-analysis of the effect of
garlic on blood pressure. Journal of Hypertension
1994;12(4):463–8

82. Bergeron TS, Roberge S, Carpentier C, Sibai B,
McCaw-Binns A, Bujold E. Prevention of
preeclampsia with aspirin in multiple gestations: a
systematic review and meta-analysis. Am J Perinatol
2016; [Epub ahead of print]

71. Borek C. Antioxidant health effects of aged garlic
extract. Journal of Nutrition 2001;131:1010–5
72. Ali M, Bordia T, Mustafa T. Effect of raw versus
boiled aqueous extract of garlic and onion on
platelet aggregation. Prostaglandins, Leukotrienes, and
Essential Fatty Acids 1999;60(1):43–7

83. Keim SA, Klebanoff MA. Aspirin use and miscarriage
risk. Epidemiology 2006;17:435–9
84. Groeneveld E, Lambers MJ, Lambalk CB, Broeze KA,
Haapsamo M, de Sutter P, Schoot BC, Schats R, Mol
BWJ and Hompes PGA. Preconceptional low-dose
aspirin for the prevention of hypertensive pregnancy
complications and preterm delivery after IVF: a
meta-analysis with individual patient data. Human
Reproduction 2013:28(6):1480–1488

73. Meher S, Duley L. Garlic for preventing pre-eclampsia
and its complications. Cochrane Database Syst Rev
2006; Issue 3:CD006065
74. 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

85. Villa PM, Kajantie E, Raikkonen K, Presonen A-K,
Hamalainen E, Vainio M, Taipale P,Laivuori H.
Aspirin in the prevention of pre-eclampsia in high-risk
women: a randomized placebo-controlled PREDO
trial and a meta-analysis of randomized trials. BJOG
2013;120:64–74

75. Audibert F, Boucoiran I, An N, Aleksandrov N,
Delvin E, Bujold E, et al. Screening for preeclampsia
using first-trimester serum markers and uterine artery
Doppler in nulliparous women. Am J Obstet Gynecol
2010 Oct;203(4):383.e1–8

86. Bujold E, Roberge S, Lacasse Y, Bureau M, Audibert
F, Marcoux S, et al. Prevention of preeclampsia and
intrauterine growth restriction with aspirin started in
early pregnancy: a meta-analysis. Obstet Gynecol
2010 Aug;116(2 Pt 1):402–14

76. Scazzocchio E, Figueras F, Crispi F, Meler E, Masoller
N, Mula R, et al. Performance of a first-trimester
screening of preeclampsia in a routine care low-risk
setting. Am J Obstet Gynecol 2012 Dec 11. pii:
S0002-9378(12)02226-0

87. Bujold E, Roberge S, Tapp S, Giguère Y. Opinion &
hypothesis could early aspirin prophylaxis prevent
against preterm birth? J Matern Fetal Neonatal Med
2011 Jul;24(7):966–7

77. Kypros N. Combined multi-marker screening and
randomised patient treatment with ASpirin for
evidence-based PRE-eclampsia prevention. 2010cited 2016 Mar. Available from the ISRCTN registry
[Internet] http://www.isrctn.com/ ISRCTN13633058.
DOI 10.1186/ISRCTN13633058

88. Roberge S, Villa P, Nicolaides K, Giguère Y, Vainio
M, Bakthi A, et al. Early administration of low-dose
aspirin for the prevention of preterm and term
preeclampsia: a systematic review and meta-analysis.
Fetal Diagn Ther 2012;31(3):141–6

78. Abalos E, Duley L, Steyn DW, Henderson-Smart DJ.
Antihypertensive drug therapy for mild to moderate

117

THE FIGO TEXTBOOK OF PREGNANCY HYPERTENSION
before pregnancy to reduce recurrent pre-eclampsia.
Registry In: Pan African Clinical Trials Registry
[Internet]. Tygerberg (SA): South African Medical
Research Council, South African Cochrane Centre.
2010-[cited 2016 Mar 7]. Available from: http://
www.pactr.org/ATMWeb/appmanager/atm/atmregis
try?dar=true&tNo=PACTR201105000267371
PACTR identifier: PACTR20110500026737

89. Roberge S, Giguère Y, Villa P, Nicolaides K, Vainio
M, Forest JC, et al. Early administration of low-dose
aspirin for the prevention of severe and mild
preeclampsia: a systematic review and meta-analysis.
Am J Perinatol 2012 Aug;29(7):551–6
90. Roberge S, Nicolaides KH, Demers S, Villa P, Bujold
E. Prevention of perinatal death and adverse perinatal
outcome using low-dose aspirin: a meta-analysis.
Ultrasound Obstet Gynecol 2013;41(5):491–9

101. Asemi Z, Samimi M, Heidarzadeh Z, Khorrammian
H, Tabassi Z. Randomized controlled trial investigating
the effect of calcium supplementation plus low-dose
aspirin on hs-CRP, oxidative stress and insulin
resistance in pregnancy women at risk for
pre-eclampsia. Pakistan Journal of Biological Sciences
2012;15(10):469–476

91. Schisterman EF, Silver RM, Lesher LL, Faraggi D,
Wactawski-Wende J, Townsend JM, Lynch AM,
Perkins NJ, Mumford SL, Galai N. Preconception
low-dose aspirin and pregnancy outcomes: results
from the EAGeR randomised trial. The Lancet 2014;
384(9937):29–36

102. Souza EV, Torloni MR, Atallah AN, dos Santos GMS,
Kulay Jr L, Sass N. Aspirin plus calcium supplementation
to prevent superimposed preeclampsia: a randomized
trial. Braz J Med Biol Res 2014;47(5):419–425

92. Cantu JA, Jauk VR, Owen J, Biggio JR, Abramovici
AR, Edwards RK and Tita AT. Is low-dose aspirin
therapy to prevent preeclampsia more efficacious in
non-obese women or when initiated early in
pregnancy? J Matern Fetal Neonatal Med 2015 Jul;
28(10):1128–32

103. Ziaei S, Hantoshzadeh S, Rezasoltani P, Lamyian M.
The effect of garlic tablet on plasma lipids and platelet
aggregation in nulliparous pregnants at high risk of
preeclampsia. Eur J Obstet Gynecol Reprod Biol
2001;99:201–6

93. Leitich H, Egarter C, Husslein P, Kaider A, Schemper
M. A meta-analysis of low dose aspirin for the
prevention of intrauterine growth retardation. BJOG
1997;104(4):450–459

104. Teran E, Hernandez I, Nieto B, Tavara R, Ocampo
JE, Calle A. Coenzyme Q10 supplementation during
pregnancy reduces the risk of pre-eclampsia. Int J
Gynaecol Obstet 2009 Apr;105(1):43–5

94. Caron N, Rivard GE, Michon N, Morin F, Pilon D,
Moutquin JM, et al. Low-dose ASA response using
the PFA-100 in women with high-risk pregnancy.
J Obstet Gynaecol Can 2009 Nov;31(11):1022–7

105. Briley AL, Poston L, Seed PT, Shennan AH. Use of
commercially available micronutrient preparations
amongst high risk pregnant women taking part in the
Vitamins in Pre-eclampsia trial (VIP); relationship to
pregnancy outcome. Hypertens Pregnancy 2006;25:
62

95. Wojtowicz A, Undas A, Huras H, Musiał J, Rytlewski
K, Reron A, et al. Aspirin resistance may be associated
with adverse pregnancy outcomes. Neuro Endocrinol
Lett 2011;32(3):334–9

106. Wen SW, Champagne J, Rennicks White R, Coyle
D, Fraser W, Smith G, et al. Effect of folic acid
supplementation in pregnancy on preeclampsia: the
folic acid clinical trial study. J Pregnancy 2013;
2013:294312

96. Rey E, Rivard GE. Is testing for aspirin response
worthwhile in high-risk pregnancy? Eur J Obstet
Gynecol Reprod Biol 2011 Jul;157(1):38–42
97. Hermida RC, Ayala DE, Iglesias M. Administration
time-dependent influence of aspirin on blood pressure
in pregnant women. Hypertension 2003;41:651–6

107. Tasatargil A, Ogutman C, Golbasi I, Karasu E,
Dalaklioglu S. Comparison of the vasodilatory effect
of nadroparin, enoxaparin, dalteparin, and unfractioned
heparin in human internal mammary artery. J
Cardiovasc Pharmacol 2005 Jun;45(6):550–4

98. Ayala DE, Ucieda R, Hermida RC. Chronotherapy
With Low-Dose Aspirin for Prevention of
Complications in Pregnancy. Chronobiol Int 2012
Sep 24

108. Sobel ML, Kingdom J, Drewlo S. Angiogenic response
of placental villi to heparin. Obstet Gynecol
2011 Jun;117(6):1375–83

99. de Swiet M, Redman CW. Aspirin, extradural
anaesthesia and the MRC Collaborative Low-dose
Aspirin Study in Pregnancy (CLASP). Br J Anaesth
1992;69:109–10

109. Dodd JM, McLeod A, Windrim RC, Kingdom J.
Antithrombotic therapy for improving maternal or
infant health outcomes in women considered at risk
of placental dysfunction. Cochrane Database of
Systematic Reviews 2013; Issue 7: CD006780

100. World Health Organization; University of
Witwaterstrand; University of British Columbia.
WHO randomized trial of calcium supplementation

118

PREVENTING PRE-ECLAMPSIA AND ITS COMPLICATIONS
vascular fetal intrauterine growth restriction: a
randomized double-bind controlled trial. Clin Nutr
2009 Jun;28(3):243–8

110. Rodger MA, Carrier M, Le Gal G, Martinelli I, Perna
A, Rey E, et al. Meta-analysis of low-molecular
weight heparin to prevent recurrent placenta-mediated
pregnancy complications. Blood 2014:123(6):822–828

121. Zhang N, Xiong AH, Xiao X, Li LP. [Effect and
mechanism of L-arginine therapy for fetal growth
retardation due to pregnancy-induced hypertension].
Nan Fang Yi Ke Da Xue Xue Bao 2007 Feb;27(2):
198–200

111. Rodger MA, Hague WM, Kingdom J, Kahn S,
Karovitch A, Sermer M, et al. Antepartum dalteparin
versus no antepartum dalteparin for the prevention of
pregnancy complications in pregnant women with
thrombophilia (TIPPS): a multinational open-label
randomised trial. Lancet 2014;384(9955):1673–1683

122. Rytlewski K, Olszanecki R, Lauterbach R, Grzyb A,
Basta A. Effects of oral L-arginine on the foetal
condition and neonatal outcome in preeclampsia: a
preliminary report. Basic Clin Pharmacol Toxicol
2006 Aug;99(2):146–52

112. Greer IA, Nelson-Piercy C. Low-molecular-weight
heparins for thromboprophylaxis and treatment of
venous thromboembolism in pregnancy: a systematic
review of safety and efficacy. Blood 2005;106:401–7

123. Rytlewski K, Olszanecki R, Korbut R, Zdebski Z.
Effects of prolonged oral supplementation with
l-arginine on blood pressure and nitric oxide synthesis
in preeclampsia. Eur J Clin Invest 2005 Jan;35(1):32–7

113. Nelson-Piercy C, Powrie R, Borg JY, Rodger M,
Talbot DJ, Stinson J, et al. Tinzaparin use in pregnancy:
an international, retrospective study of the safety and
efficacy profile. Eur J Obstet Gynecol Reprod Biol
2011;159:293–9

124. Villamor E, Cnattingius S. Interpregnancy weight
change and risk of adverse pregnancy outcomes: a
population-based study. Lancet 2006;368:1164–1170

114. Zhu Q, Yue X, Tian QY, Saren G, Wu MH, Zhang
Y, Liu TT. Effect of L-arginine supplementation on
blood pressure in pregnant women: a meta-analysis of
placebo-controlled trials. Hypertens Pregnancy 2013;
32(1):32–41

125. Impact of physical activity during pregnancy and
postpartum on chronic disease risk. Med Sci Sports
Exerc 2006;38:989–1006
126. Meher S, Duley L.Exercise or other physical activity
for preventing pre-eclampsia and its complications.
Cochrane Database Syst Rev 2006 Apr 19;(2):
CD005942

115. Neri I, Monari F, Sgarbi L, Berardi A, Masellis G,
Facchinetti F. L-arginine supplementation in women
with chronic hypertension: impact on blood pressure
and maternal and neonatal complications. J Matern
Fetal Neonatal Med 2010 Dec;23(12):1456–60

127. Yeo S. A randomized comparative trial of the efficacy
and safety of exercise during pregnancy: design and
methods. Contemp Clin Trials 2006;27:531–40

116. Vadillo-Ortega F, Perichart-Perera O, Espino S,
Avila-Vergara MA, Ibarra I, Ahued R, et al. Effect of
supplementation during pregnancy with L-arginine
and antioxidant vitamins in medical food on
pre-eclampsia in high risk population: randomised
controlled trial. BMJ 2011 May 19;342:d2901

128. Yeo S, Davidge S, Ronis DL, Antonakos CL, Hayashi
R, O’Leary S. A comparison of walking versus
stretching exercises to reduce the incidence of
preeclampsia: a randomized clinical trial. Hypertens
Pregnancy 2008;27(2):113–30

117. Dorniak-Wall T, Grivell RM, Dekker GA, Hague W,
Dodd JM. The role of L-arginine in the prevention
and treatment of pre-eclampsia: a systematic review or
randomized trials. J Hum Hypertens 2014;28(4):
230–5

129. Meher S, Duley L. Rest during pregnancy for
preventing pre-eclampsia and its complications in
women with normal blood pressure. Cochrane
Database Syst Rev 2006;(2):CD005939

118. Facchinetti F, Saade GR, Neri I, Pizzi C, Longo M,
Volpe A. L-arginine supplementation in patients with
gestational hypertension: a pilot study. Hypertens
Pregnancy 2007;26(1):121–30

130. Josten LE, Savik K, Mullett SE, Campbell R, Vincent
P. Bedrest compliance for women with pregnancy
problems. Birth 1995;22:1–12
131. Jamal A, Milani F, Al-Yasin A. Evaluation of the effect
of metformin and aspirin on utero placental circulation
of pregnancy women with PCOS. Iran J Reprod Med
2012;10(3):265–270

119. Rytlewski K, Olszanecki R, Lauterbach R, Grzyb A,
Kiec-Wilk B, Dembinska-Kiec A, et al. Effects of oral
L-arginine on the pulsatility indices of umbilical artery
and middle cerebral artery in preterm labor. Eur J
Obstet Gynecol Reprod Biol 2008 May;138(1):23–8

132. Data presented at the Fetal Medicine Foundation
World meeting – Creta, Greece, June 2015, https://
clinicaltrials.gov/ct2/show/NTC01273584

120. Winer N, Branger B, Azria E, Tsatsaris V, Philippe HJ,
Rozé JC, et al. L-Arginine treatment for severe

119

THE FIGO TEXTBOOK OF PREGNANCY HYPERTENSION
133. Han L, Zhou SM. Selenium supplement in the
prevention of pregnancy induced hypertension. Chin
Med J (Engl) 1994;107:870–1

143. Niederman R, Periodontal treatment did not prevent
complications of pregnancy. Evid Based Dent 2010;
11(1):18–9

134. Tara F, Maamouri G, Rayman MP, Ghayour-Mobarhan
M, Sahebkar A, Yazarlu O, et al. Selenium
supplementation and the incidence of preeclampsia in
pregnant Iranian women: a randomized, double-blind,
placebo-controlled pilot trial. Taiwan J Obstet
Gynecol 2010 Jun;49(2):181–7

144. Boutin A, Demers S, Roberge S, Roy-Morency A,
Chandad F, Bujold E. Treatment of periodontal
disease and prevention of preterm birth: systematic
review and meta-analysis. Am J Perinatol 2013 Aug;
30(7):537–44
145. Langer A, Villar J, Tell K, Kim T, Kennedy S.
Reducing eclampsia-related deaths—a call to action.
Lancet 2008;371:705–6

135. Parrish MR, Martin JN Jr, Lamarca BB, Ellis B,
Parrish SA, Owens MY, May WL. Randomized,
placebo controlled, double blind trial evaluating early
pregnancy phytonutrient supplementation in the
prevention of preeclampsia. J Perinatol 2013 Aug;
33(8):593–9

146. Firoz T, Sanghvi H, Merialdi M, von Dadelszen P.
Pre-eclampsia in low and middle income countries.
Best Pract Res Clin Obstet Gynaecol 2011 Aug;
25(4):537–48

136. Olsen SF, Østerdal ML, Salvig JD, Weber T, Tabor A,
Secher NJ. Duration of pregnancy in relation to fish
oil supplementation and habitual fish intake: a
randomised clinical trial with fish oil. Eur J Clin Nutr
2007 Aug;61(8):976–85

147. von Dadelszen P, Ansermino JM, Dumont G,
Hofmeyr GJ, Magee LA, Mathai M, et al. Improving
maternal and perinatal outcomes in the hypertensive
disorders of pregnancy: a vision of a community-focused
approach. Int J Gyncol Obstet 2012;119:S30–S34

137. Villar J, Purwar M, Merialdi M, Zavaleta N, Thi Nhu
Ngoc N, Anthony J et al. World Health Organisation
multicentre randomised trial of supplementation with
vitamins C and E among pregnant women at high risk
for pre-eclampsia in populations of low nutritional
status from developing countries. BJOG 2009
May;116(6):780–8

148. Dantas EM, Pereira FV, Queiroz JW, Dantas DL,
Monteiro GR, Duggal P, et al. BMC Pregnancy
Childbirth 2013;13:159
149. von Dadelszen P, Firoz T, Donnay F, Gordon R,
Hofmeyr GJ, Lalani S, et al. Preeclampsia in Low
and Middle Income Countries-Health Services
Lessons
Learned
From
the
PRE-EMPT
(PRE-Eclampsia-Eclampsia Monitoring, Prevention
and Treatment) Project. J Obstet Gynaecol Can 2012;
34(10):917–26

138. Spinnato JA 2nd, Freire S, Pinto E Silva JL, Cunha
Rudge MV, Martins-Costa S, Koch MA, et al.
Antioxidant therapy to prevent preeclampsia: a
randomized controlled trial. Obstet Gynecol 2007
Dec;110(6):1311–8

150. Bazant E, Rakotovao JP, Rasolofomanana JR, Tripathi
V, Gomez P, Favero R, et al. Quality of care to
prevent and treat postpartum hemorrhage and
pre-eclampsia/eclampsia: an observational assessment
in Madagascar’s hospitals. Med Sante Trop 2013;23(2):
168–75

139. Poston L, Briley AL, Seed PT, Kelly FJ, Shennan AH.
Vitamin C and vitamin E in pregnant women at
risk for pre-eclampsia (VIP trial): randomised
placebo-controlled trial. Lancet 2006;367:1145–54
140. Xu H, Perez-Cuevas R, Xiong X, Reyes H, Roy C,
Julien P, et al. An international trial of antioxidants
in the prevention of preeclampsia (INTAPP). Am J
Obstet Gynecol 2010 Mar;202(3):239.e1-239.e10

151. Vogel SA, Rajali R, Ottaviano G, Kim L,
Yeaton-Massey A, Caughey AB. Low-dose aspirin for
prevention of pre-eclampsia and its complications: a
cost-effective analysis. Arch Dis Child Fetal Neonatal
Ed 2010;95:Suppl 1

141. Schleussner E, Lehmann T, Kahler C, Schneider U,
Schlembach D, Groten T. Impact of the nitric
oxide-donor pentaerythrityl-tetranitrate on perinatal
outcome in risk pregnancies: a prospective,
randomized, double-blinded trial. J Perinat Med 2014;
42(4):507–14

152. Hofmeyr GJ, Belizan JM, von Dadelszen P. Low-dose
calcium supplementation for preventing pre-eclampsia:
a systematic review and commentary. BJOG 2014;
121(8):951–7
153. Trumbo PR, Ellwood KC. Supplemental calcium and
risk reuction of hypertension, pregnancy-induced
hypertension, and preeclampsia: an evidence-based
review by the US Food and Drug Administration.
Nutr Rev 2007;65(2):78–87

142. Kunnen A, van Doormaal JJ, Abbas F, Aarnoudse JG,
van Pampus MG, Faas MM. Periodontal disease and
pre-eclampsia: a systematic review. J Clin Periodontol
2010 Dec;37(12):1075–87

120

PREVENTING PRE-ECLAMPSIA AND ITS COMPLICATIONS
154. Food and Agriculture Organisation of the United
Nations. Production Yearbook 1990. Vol. 44. Rome:
FAO, 1991

164. Hovdenak N, Haram K. Influence of mineral and
vitamin supplements on pregnancy outcome. Eur J
Obstet Gynecol Reprod Biol 2012;164(2):127–32

155. Camargo EB, Moraes LF, Souza CM, Akutsu R,
Barreto JM, da Silva EM, et al. Survey of calcium
supplementation to prevent preeclampsia: the gap
between evidence and practice in Brazil. BMC
Pregnancy Childbirth 2013;13:206

165. Ray JG, Singh G, Burrows RF. Evidence for
suboptimal use of periconceptional folic acid
supplements globally. BJOG 2004;111:1–10
166. Robbins CL, Zapata LB, Farr SL, Kroelinger CD,
Morrow B, Ahluwalia I, et al. Core state preconception
health indicators – pregnancy risk assessment
monitoring system and behavioral risk factor
surveillance system, 2009. Morb Mortal Wkly Rep
Surveill Summ 2014;63(3):1–62

156. Cormick G, Zhang NN, Andrade SP, Quiroga MJ, Di
Marco I, Porta A, Althabe F, Belizán JM. Gaps
between calcium recommendations to prevent
pre-eclampsia and current intakes in one hospital in
Argentina. BMC Res Notes 2014 Dec 16;7:920

167. Ogundipe O, Hoyo C, Ostbye T, Oneko O, Manongi
R, Lie RT, et al. Factors associated with prenatal folic
acid and iron supplementation among 21,889 pregnant
women in Northern Tanzania: a cross-sectional
hospital-based study. BMC Public Health 2012;12:481

157. Villar J, Say L, Shennan A, Lindheier M, Duley L,
Conde-Agudelo A, et al. Methodological and technical
issues related to the diagnosis, screening, prevention,
and treatment of pre-eclampsia and eclampsia. Int J
Gynecol Obstet 2004;85 Suppl 1:S28-S41

168. Han A, Rotermann M, Fuller-Thomson E, Ray J.
Pre-conceptional folic acid supplement use according
to maternal country of birth. J Obstet Gynaecol Can
2009;31(3):222–226

158. Mora JO. Iron supplementation: overcoming technical
and practical barriers. J Nutr 2002;132(4 Suppl):
853S-855S
159. Currie S, de Graft-Johnson J, Galloway R, Sheehan
C, Smith J. Interventions for impact in essential
obstetric and newborn care. Asia Regional Meeting.
2012 May 3–6; Dhaka, Bangladesh; Meeting Report.
[www.mchip.net/sites/default/files/EONC_
AsiaRegionalMeeting_web.pdf] Accessed on 22
January 2015

169. Gaston A, Cramp A. Exercise during pregnancy: a
review of patterns and determinants. J Sci Med Sport
2011;14(4):299–305

160. Jarjou LM, Laskey MA, Sawo Y, Goldberg GR, Cole
TJ, Prentice A. Effect of calcium supplementation in
pregnancy on maternal bone outcomes in women
with a low calcium intake. Am J Clin Nutr 2010;92:
450–7

171. Clarke PE, Gross H. Women’s behaviour, beliefs and
information sources about physical exercise in
pregnancy. Midwifery 2004;20(2):133–141

170. Clarke PE, Gross H. Women’s behaviour, beliefs and
information sources about physical exercise in
pregnancy. Midwifery 2004;20(2):133–141

172. Duncombe D, Wertheim EH, Skouteris H, Paxton SJ,
Kelly L. Factors related to exercise over the course of
pregnancy including women’s beliefs about the safety
of exercise during pregnancy. Midwifery 2007;25(4):
430–438

161. Phillips AM, Zlotkin SH, Baxter JA, Martinuzzi F,
Kadria T, Roth DE. Design and development of a
combined calcium-iron-folic acid prenatal supplement
to support implementation of the new World
Health Organization recommendations for calcium
supplementation during pregnancy. Food Nutr Bull
2014;35(2):221–9

173. Evenson KR, Moos MK, Carrier K, Siega-Riz AM.
Perceived barriers to physical activity among pregnant
women. Matern Child Health J 2009;13(3):364–375

162. Torloni MR. Low Dose Calcium to Prevent
Preeclampsia. In: ClinicalTrials.gov [Internet].
Bethesda (MD): National Library of Medicine (US).
2000–2016. Available from: URL of the record NLM
Identifier: NCT02338687

174. Pereira MA, Rifas-Shiman SL, Kleinman KP,
Rich-Edwards JW, Peterson KE, Gillman MW.
Predictors of change in physical activity during and
after pregnancy: Project Viva. Am J Prev Med 2007;
32(4):312–319

163. Palacios C, Pena-Rosas JP: Calcium supplementation
during pregnancy for preventing hypertensive
disorders and related problems: RHL commentary
(last revised: 1 February 2010). Geneva: The WHO
Reproductive Health Library: World Health
Organization; 2010

175. Symons Downs D, Hausenblas HA. Women’s exercise
beliefs and behaviors during their pregnancy and
postpartum. J Midwifery Womens Health 2004;49(2):
138–144
176. Mills A, Schmied VA, Dahlen HG. ‘Get alongside us’,
women’s experiences of being overweight and

121

THE FIGO TEXTBOOK OF PREGNANCY HYPERTENSION
prevention of pregnancy complications in high-risk
pregnancies: a randomized controlled trial. Prev Med
2012;55(4):333–40

pregnant in Sydney, Australia. Matern Child Nutr
2011 Dec 13
177. Sui Z, Dodd JM. Exercise in obese pregnant women:
positive impacts and current perceptions. Int J
Womens Health 2013;5:389–98

184. Gillon TER, Pels A, von Dadelszen P, MacDonell K,
Magee LA. Hypertensive Disorders of Pregnancy: A
Systematic Review of International Clinical Practice
Guidelines. PLoS One 2014;9(12):e113715

178. Alkaabi MS, Alsenaidi LK, Mirghani H. Women’s
knowledge and attitude towards pregnancy in a
high-income developing country. J Perinatal Med
2014 Jan 27:1–4

185. Roberts JM, August PA, Bakris G, Barton JR, Bernstin
IM. The American College of Obstetricians and
Gynecologists’ Task Force on Hypertension in
Pregnancy. Hypertension in Pregnancy. Obstetrics &
Gynecology 2013;122(5):1122–1131

179. Krans EE, Chang JC. Low-income African American
women’s beliefs regarding exercise during pregnancy.
Maternal & Child Health Journal 2012;16(6):1180–7
180. Groth SW, Morrison-Beedy D. Low-income,
pregnancy African American women’s views on
physical activity and diet. J Midwifery Womens Health
2013;58(2):195–202

186. National Institute for Health and Clinical Excellence.
Hypertension in pregnancy: the management of
hypertensive disorders during pregnancy. National
Collaborating Centre for Women’s and Children’s
Health, 2010

181. Rey E, David M, Gauthier R, Leduc L, Michon N,
Morin F. Cost analysis of the prevention of severe
preeclampsia/fetal restriction by dalteparin. Can J
Pharmacol 16 (1) Winter 2009;e214

187. Magee LA, Pels A, Helewa M, Rey E, von Dadelszen
P, et al. Diagnosis, Evaluation, and Management of the
Hypertensive Disorders of Pregnancy: executive
Summary. J Obstet Gynaecol Can 36(5):416–438

182. Grazuleviciene R, Dedele A, Danileviciute A,
Vencloviene J, Grazulevicius T, Andrusaityte S, et al.
The influence of proximity to city parks on blood
pressure in early pregnancy. International Journal of
Environmental Research and Public Health 2014;
11(3):2958–72

188. WHO. WHO recommendations for prevention and
treatment of pre-eclampsia and eclampsia. 2011
189. HDP CPG Working Group, Association of Ontario
Midwives (2012). Hypertensive disorders of
pregnancy. (Clinical Practice Guideline no. 15). Paula
Salehi, RM. Available: http://www.aom.on.ca/
Health_Care_Professionals/Clinical_Practice_
Guidelines/

183. Rakhshani A, Nagarathna R, Mhaskar R, Mhaskar A,
Thomas A, Gunasheela S. The effects of yoga in

122

