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Micronutrient supplementation interventions in preconception
and pregnant women at increased risk of developing
pre-eclampsia: a systematic review and meta-analysis
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BACKGROUND: Pre-eclampsia can lead to maternal and neonatal complications and is a common cause of maternal mortality
worldwide. This review has examined the effect of micronutrient supplementation interventions in women identified as having a
greater risk of developing pre-eclampsia.
METHODS: A systematic review was performed using the PRISMA guidelines. The electronic databases MEDLINE, EMBASE and the
Cochrane Central Register of Controlled trials were searched for relevant literature and eligible studies identified according to a pre-
specified criteria. A meta-analysis of randomised controlled trials (RCTs) was conducted to examine the effect of micronutrient
supplementation on pre-eclampsia in high-risk women.
RESULTS: Twenty RCTs were identified and supplementation included vitamin C and E (n= 7), calcium (n= 5), vitamin D (n= 3),
folic acid (n= 2), magnesium (n= 1) and multiple micronutrients (n= 2). Sample size and recruitment time point varied across
studies and a variety of predictive factors were used to identify participants, with a previous history of pre-eclampsia being the
most common. No studies utilised a validated prediction model. There was a reduction in pre-eclampsia with calcium (risk
difference, −0.15 (−0.27, −0.03, I2= 83.4%)), and vitamin D (risk difference, −0.09 (−0.17, −0.02, I2= 0.0%)) supplementation.
CONCLUSION: Our findings show a lower rate of pre-eclampsia with calcium and vitamin D, however, conclusions were limited by
small sample sizes, methodological variability and heterogeneity between studies. Further higher quality, large-scale RCTs of
calcium and vitamin D are warranted. Exploration of interventions at different time points before and during pregnancy as well as
those which utilise prediction modelling methodology, would provide greater insight into the efficacy of micronutrient
supplementation intervention in the prevention of pre-eclampsia in high-risk women.
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INTRODUCTION
Pre-eclampsia is a hypertensive disorder of pregnancy asso-
ciated with a high risk of maternal, fetal and neonatal morbidity
[1]. Pre-eclampsia has been defined as high blood pressure after
20 weeks’ gestation associated with one or more of the
following: proteinuria, multisystemic maternal organ dysfunc-
tion or placental dysfunction [2, 3]. Pre-eclampsia affects around
2–8% of pregnancies globally, with approximately 10–15% of
direct maternal deaths being attributed to pre-eclampsia and
eclampsia [4].
The pathophysiology of pre-eclampsia is not fully understood

and this disorder presents as a clinical syndrome with a wide
spectrum [5]. Early onset pre-eclampsia is generally considered as
a defect in placentation whilst late onset pre-eclampsia is more
often attributed to a range of interacting factors including normal
placental senescence and a genetic predisposition to

cardiovascular and metabolic disease [5]. Poor placental function
has repeatedly been associated with oxidative stress [6].
Several systematic reviews have assessed the effects of single

and multiple micronutrients on the risk of developing pre-
eclampsia. High dose calcium supplementation has been shown
to be effective in reducing pre-eclampsia, particularly in women
with low dietary calcium intake, but with limited evidence on the
effects of low dose supplementation [7]. A recent umbrella review
[8] reported that vitamin D supplementation reduced pre-
eclampsia, while reporting limited or no effect of iron, folic acid
supplementation or of the antioxidants, vitamin C and/or E.
Despite magnesium being utilised in the treatment of pre-
eclampsia and eclampsia, previous reviews have not been able
to establish an effect of magnesium supplementation [9]. Similarly,
many reviews [10, 11] report no established effect of zinc
supplementation. There is increasing interest in the role of

Received: 2 March 2022 Revised: 20 October 2022 Accepted: 24 October 2022
Published online: 9 November 2022

1Department of Women and Children’s Health, School of Life Course and Population Sciences, King’s College London, 10th Floor North Wing, St Thomas’ Hospital, Westminster
Bridge Road, London SE1 7EH, UK. 2Human Nutrition Laboratory, Institute of Food, Nutrition and Health, ETH Zurich, Zurich, Switzerland. 3Department of Population Health
Sciences, School of Life Course and Population Sciences, King’s College London, 4th floor Addison House, Guy’s Campus, London SE1 1UL, UK. 4Department of Nutritional
Sciences, School of Life Course and Population Sciences, King’s College London, Franklin-Wilkins Building, 150 Stamford Street, London SE1 9NH, UK. 5These authors contributed
equally: Kathryn V. Dalrymple, Angela C. Flynn. ✉email: angela.flynn@kcl.ac.uk

www.nature.com/ejcn European Journal of Clinical Nutrition

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-022-01232-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-022-01232-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-022-01232-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-022-01232-0&domain=pdf
http://orcid.org/0000-0001-7141-6810
http://orcid.org/0000-0001-7141-6810
http://orcid.org/0000-0001-7141-6810
http://orcid.org/0000-0001-7141-6810
http://orcid.org/0000-0001-7141-6810
http://orcid.org/0000-0003-0958-6725
http://orcid.org/0000-0003-0958-6725
http://orcid.org/0000-0003-0958-6725
http://orcid.org/0000-0003-0958-6725
http://orcid.org/0000-0003-0958-6725
https://doi.org/10.1038/s41430-022-01232-0
mailto:angela.flynn@kcl.ac.uk
www.nature.com/ejcn


multiple micronutrient supplements (MMS) and their potential
benefit for pregnant women, particularly in low-income countries
where more than one micronutrient deficiency may co-exist. A
meta-analysis of 28 RCTs [12] reported that despite evidence from
observational cohort studies reporting a reduction in the risk of
pre-eclampsia following MMS, there was a lack of effect from RCTs.
Interventions may be better targeted to women with more specific

risk for adverse pregnancy outcomes. Several studies have used
prediction modelling to identify those women more likely to develop
pre-eclampsia [13–15]. An externally validated model from The Avon
Longitudinal Study of Parents and Children cohort used routinely
collected data to predict pre-eclampsia risk in a 12,996 women. The
study combined maternal early pregnancy characteristics (including
initial mean arterial pressure [MAP]) with repeatedly measured MAP
collected from 20–36 weeks’ gestation. The authors found that blood
pressure recorded from 28 weeks’ gestation improved the model’s
identification of women who would go on to develop pre-eclampsia
with an area under the curve of 0.81 and 0.83 in the validated cohort
[13]. Other cohorts have frequently combined clinical risk factors with
biomarkers and imaging techniques such as uterine artery Doppler
ultrasound recorded in the first trimester [16]. Multivariable
prediction models such as this have often demonstrated better
performance with predicting early-onset pre-eclampsia [17]. The
application of predictive modelling in the context of preventative
micronutrient interventions in pre-eclampsia may offer insight into
effectiveness of predictive factors and algorithms in clinical practice.
To the best of our knowledge, there has been no review of

studies which have utilised prediction tools to stratify interven-
tions intended to reduce pre-eclampsia. There is a need to
evaluate interventions that utilise micronutrient supplementation
in women who have been identified as high-risk for pre-eclampsia.
Moreover, there is a paucity of data on the effects of pre-
pregnancy micronutrient interventions on the development of
pre-eclampsia. As healthcare aims to move towards primary
prevention, it is important to assess supplementation interven-
tions prior to pregnancy on the development of pre-eclampsia.
Finally, few reviews report the effect of micronutrient supple-
mentation in women with differing severity of pre-eclampsia
(mild, severe and superimposed) who have been identified as high
risk, which could allow more tailored and personalised preventa-
tive approaches in the future.
The overall aim of this review was to assess RCTs of

micronutrient supplementation (single and multiple micronutri-
ents) either pre-pregnancy and/or during pregnancy to prevent
pre-eclampsia in women identified as high risk. An additional aim
included examining the effect of intervention on different
severities of pre-eclampsia in higher-risk women.

METHODS
This systematic review was registered in the PROSPERO database
(CRD42021240941) and conducted according to the PRISMA
guidelines [18].

Inclusion and exclusion criteria
The PICOS (population, intervention, comparison, outcomes
and study design) framework described in Table 1 was used to
develop the inclusion and exclusion criteria. Studies were
eligible if they met the following criteria: (1) RCTs evaluating
single or multiple micronutrient supplementation before and/or
during pregnancy compared with a control arm (no supple-
mentation, placebo, dose difference or alternative micronu-
trient supplementation intervention) with a primary or
secondary outcome of any classification of pre-eclampsia; (2)
reproductive aged women between 18 and 50 years who
intended to become pregnant or were pregnant at any
gestation; (3) women identified as high risk of developing
pre-eclampsia using a defined eligibility criteria at study entry.
Studies meeting the following criteria were excluded: (1)
observational and non-randomised studies; (2) abstracts,
reviews, letters, comments and editorials; (3) women with
existing pre-eclampsia; (4) women aged less than 18 years or
more than 50 years; (5) studies not published in English.

Primary and secondary outcomes
The primary outcome of this review was the development of
pre-eclampsia of any classification including mild, severe and
superimposed pre-eclampsia, defined by any diagnostic criteria
ranging from the use of systolic (SBP) and diastolic blood
pressures (DBP), urinary protein measurements and other
relevant clinical indicators such as liver enzymes and platelet
count. Trials that reported definitions for severe pre-eclampsia
generally defined this with the same diagnostic criteria,
however with higher thresholds for blood pressure and urinary
protein measurement. The secondary outcomes included
gestational hypertension, eclampsia, diastolic and systolic
blood pressure, HELLP syndrome, premature rupture of
membranes, placental abruption, preterm birth, low birth-
weight, birth weight centile, small for gestational age (SGA),
caesarean section, miscarriage, Apgar scores and maternal
death, of which 7 of these secondary outcomes have been
identified as part of the recommended core outcome set for
pre-eclampsia for future studies [19]. Data were extracted on
secondary outcomes from studies when available.

Literature search and study selection
The electronic databases MEDLINE, EMBASE and the Cochrane
Central Register of Controlled trials were searched by two
reviewers (SG, DDALS) on 14th April 2021. Search strategies are
shown in Supplementary Information 1. Results of the search
strategy were imported into EndNote for removal of duplicates
and the remaining articles were imported into Rayyan for title
and abstract screening [20]. If eligibility could not be
determined by the title and abstract, full-text articles were
screened. Any disagreement was resolved by a third reviewer
(ACF). Additional studies were examined for eligibility through
hand searching of reference lists.

Table 1. PICOS framework summary.

P – Population Women between the ages of 18 to 50 who were planning to become pregnant or were pregnant at any gestation, and at
high-risk for pre-eclampsia identified using a defined eligibility criteria at study entry

I – Intervention Interventions included micronutrient supplementation, in isolation or as multiple micronutrients. This included, but was not
limited to calcium, vitamin D, folic acid, iron, zinc and magnesium

C – Comparison No supplementation, placebo, different dose or alternative micronutrient supplementation intervention

O – Outcome The main outcome was the development of pre-eclampsia. Secondary outcomes included gestational hypertension,
eclampsia, diastolic and systolic blood pressure, HELLP syndrome, premature rupture of membranes, placental abruption,
preterm birth, low birthweight, birth weight centile, small for gestational age (SGA), caesarean section, miscarriage, Apgar
scores and maternal death

S – Study type Randomised controlled trials
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Data extraction
Two reviewers (SG, DDALS) carried out the data extraction in
duplicate and any disagreements were resolved by discussion or
by consultation with another author to achieve a consensus
opinion (ACF and KVD). A data extraction template was developed
which included: title, authors, publication data, trial periods, study
design, country of study, aim of study, sample size, characteristics
of participants, inclusion and exclusion criteria, period of
intervention (preconception and/or pregnancy), type and dose
of intervention and clinical outcomes.

Data synthesis
The interventions and outcomes were assessed for suitability for
data pooling to perform a meta-analysis. The analysis focused on
assessing the effect of micronutrient interventions (single or
multiple micronutrients) on the development of pre-eclampsia,
the primary outcome, in high-risk populations. Micronutrient
interventions included calcium, vitamin D, vitamin C and E, folic
acid, magnesium and MMS in women defined as high risk of
developing any classification of pre-eclampsia including severe
pre-eclampsia, as previously defined. Summaries of exposure
effect for each intervention were provided using a risk difference,
calculated using Stata, version 16. The risk differences were
calculated using a random effects model and the I2 statistic was
used to assess heterogeneity amongst studies, with a threshold of
>50% indicating significant heterogeneity. When meta-analysis
was not possible due to too few studies, a narrative synthesis was
performed.

Risk of bias (quality) assessment
The Cochrane Risk of Bias tool for randomised trials (RoB 2) [21]
was used to assess the quality of each study included. The
domains assessed include randomisation selection (selection bias),
allocation concealment (selection bias), follow-up of participant
from recruitment to termination of study and dropout (attrition
bias) and other potential sources of bias. Disagreement between
reviewers was resolved by discussion, with the overall risk of each
study being deemed as either “low risk of bias,” “some concerns”
or “high risk of bias.”

RESULTS
The electronic database search resulted in 8922 articles. Following
removal of duplicates, a total of 7237 articles were screened for
eligibility using titles and abstracts. Full-text screening was
conducted on 168 articles. Major reasons for exclusion included:
publication type (e.g. commentary articles or protocols of clinical
trials), ineligible outcome (e.g. studies that did not include pre-
eclampsia in the results), ineligible population (e.g. low risk
women, adolescents), studies which were not published in English,
ineligible study design (e.g. review and observational studies),
incorrect type of intervention (e.g. pharmacological intervention)
and retraction of trials. Twenty articles [22–41] met the inclusion
criteria and were included in this review. The study identification
and selection process are summarised in Fig. 1.

Characteristics of included studies
This review included RCTs published between 1991 to 2021. A
summary of these RCTs is shown in Table 2. The characteristics of
studies including women identified as high-risk for pre-eclampsia are
shown in Table 3. Six studies [23, 24, 29, 30, 32, 38] were conducted
in Iran, three studies [31, 33, 39] in the United States, two studies
[25, 40] in the United Kingdom, two studies [26, 34] in Brazil, one
study in each of Colombia [27], India [28], Mexico [35] and China [36].
Three studies were multicentre and were conducted in South Africa,
Zimbabwe and Argentina [22]; India, Peru, South America and
Vietnam [37]; Argentina, Australia, Canada, Jamaica and the United
Kingdom [41]. Fifteen studies were carried out in low- and middle-
income countries [22–24, 26–30, 32, 34–38, 41]. The lowest sample
size was 50 [28] and the largest sample size 2464 [41]. The studies
aimed to assess the efficacy of either the supplementation of
calcium, vitamin D, vitamin C in combination with vitamin E,
magnesium, folic acid or MMS in reducing the incidence of pre-
eclampsia in women classified at high-risk of pre-eclampsia at study
entry. Of the 20 studies, two targeted women before pregnancy
[18, 32]. The earliest time a pregnancy intervention was introduced
was at 8 weeks’ gestation [41] with most of the studies continuing
the micronutrient supplementation until delivery.

Predictive factors of pre-eclampsia
The studies used a variety of strategies to identify women at risk of
developing pre-eclampsia. The number of variables used ranged from
one to 15 and included a range of factors from maternal history to
clinical biomarkers (Table 4). Thirteen studies [22, 24–26, 31, 34–41]
considered a history of pre-eclampsia in a prior pregnancy, with two
[35, 38] of these also including family history of pre-eclampsia. Seven
studies [26, 31, 37–41] required participants to have at least one risk
factor of pre-eclampsia such as chronic hypertension, type 1 or 2
diabetes mellitus, multiple gestation, or history of preterm birth. Five
studies [25, 29, 32, 37, 40] used uterine artery doppler waveforms to
select participants, either in isolation or within a combination of other
maternal characteristics. Three studies [23, 27, 30] included a positive
rollover test, while only one study [33] utilised a positive angiotensin
sensitivity test. This test was performed in women at 24–28 weeks’
gestation, by infusing increasing doses of angiotensin II every 5min
until the normal cut-off value (12 ng/kg/min) was reached or the DBP
increased to 20mmHg above the baseline before reaching this cut-
off value (the effective pressor dose). If a participant’s effective pressor
dose was achieved with a rate of less than 12 ng/kg/min, they were
deemed to have a positive angiotensin sensitivity test and were then
randomised. Three studies [25, 27, 30] required participants to have a
combination of predictive factors, for example, both an abnormal
two-stage uterine-artery doppler analysis and a previous history of
pre-eclampsia [25]. None reported using a validated prediction model
to identify women at high-risk of developing pre-eclampsia.

Micronutrient interventions
The type of intervention varied between studies (Table 4). The
majority evaluated the effect of single micronutrients including
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Fig. 1 PRISMA Flow Diagram. Flow diagram showing the study
selection process.
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calcium [22, 23, 27, 30, 33], combined vitamin C and E
[25, 28, 34, 35, 37, 39, 40], vitamin D [24, 29, 32], folic acid
[36, 41] and magnesium [26]. Two studies evaluated the effect of
MMS which included multimineral-vitamin D supplements (cal-
cium, magnesium, zinc and vitamin D) compared to vitamins C
and E [38] and phytonutrient supplementation [31].
Seventeen studies compared the micronutrient supplementa-

tion intervention to a placebo, whilst one study compared the
intervention to standard clinic protocol [28]. One study compared
the effects of different dosages of micronutrient supplementation
[36] another study made comparisons between MMS and vitamin
C and E supplementation [38].

Calcium supplementation
Three calcium interventions used a high dose between 1500 to
2000mg daily [23, 30, 33]. Two studies [22, 27] used a lower dose
of 500 and 600mg calcium, respectively. Hofmeyr et al. started
500mg of calcium supplementation before pregnancy until
20 weeks’ gestation whilst Herrera et al. used a 600 mg calcium
supplement with 50 mg of linoleic acid between 28 to 32 weeks’
gestation until delivery [22, 27]. Similarly, Babadizavandy et al.
utilised 2000mg of calcium supplementation between 28 to
32 weeks’ gestation until delivery [23]. Both Niromanesh et al. and
Sanchez-Ramos et al. also used 2000mg of daily calcium
supplementation. However, the period of the intervention was
unclear [30, 33]. Of the 2 trials that reported data on compliance,
Sanchez-Ramos et al. had a compliance rate of 91.1% while
Hofmeyr et al. trial reported that approximately 50% of
participants took at least 80% of their expected tablets. Random
effects meta-analysis of five studies showed a lower rate of pre-
eclampsia with calcium supplementation (risk difference=−0.15,
95% CI=−0.27 to −0.03), with significant heterogeneity among
the studies (I2= 83.41%, Fig. 2), however, there was no reduction
in severe pre-eclampsia (Fig. 3).

Vitamin D supplementation interventions
All three studies used a dose of 50,000 IU of vitamin D every
2 weeks, with 2 using this intervention in isolation [24, 29] and
the third in combination with 1000 mg of calcium [32], with a
reported compliance rate of 90–100% across all three trials. All
3 studies were conducted in the pregnancy period until 32 to
36 weeks’ gestation. There was a lower risk of pre-eclampsia with
vitamin D supplementation in comparison to no supplementa-
tion (risk difference=−0.09, 95% CI=−0.17 to −0.02,
I2= 0.00%, Fig. 2), however there was no effect on severe pre-
eclampsia (Fig. 3).

Vitamin C and E supplementation interventions
All 7 studies [25, 28, 34, 35, 37, 39, 40] used vitamin C and E
together in combination with 6 studies using a dose of 1000mg
vitamin C and 400 IU vitamin E [25, 28, 34, 37, 39, 40]. The
remaining study used a dose of 500 mg vitamin C and 400 IU
vitamin E with or without L-arginine [35]. The majority of studies
started the intervention in the second trimester of pregnancy,
ranging from 14 to 24 weeks’ gestation, whilst Spinnato et al.
initiated the intervention at the end of the first trimester [34]. Five
trials reported a moderate to high level of compliance
[25, 34, 35, 37, 40].
Random effects meta-analysis showed that the risk differ-

ence for pre-eclampsia was 4% for vitamin C and E, (risk
difference=−0.04, 95% CI=−0.09 to 0.00) however, there was
significant heterogeneity between the studies (I2= 65.76%, Fig.
2). There was no effect on the rate of severe pre-eclampsia.
Poston et al. reported no significant effect of vitamin C and E
supplementation in the prevention of pre-eclampsia, however,
infants born with a low birthweight were higher in the
intervention group (I= 387 vs. C= 335, p= 0.023, RR= 1.15,
95% CI= 1.02–1.30).Ta
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Folic acid supplementation interventions
One study evaluated the effect of high dose folic acid (4 mg daily)
compared to low dose folic acid (0.4 mg daily) from before
pregnancy until delivery [36], whilst one study assessed the effect
of the daily supplementation of 4 mg of folic acid from 8 to
16 weeks’ gestation until delivery [41]. Zheng et al. assessed
homocysteine plasma levels and reported that levels were
significantly lower in the high dose group which had a compliance
rate of 74.1% compared to 73% in the low dose group. Among the
high dose group, the incidence of pre-eclampsia was reduced
when compliance was greater than 80% compared to 50%.
Overall, there was no effect of folic acid supplementation on pre-
eclampsia (Fig. 2) or severe pre-eclampsia (Fig. 3).

Magnesium supplementation interventions
De Araújo et al. assessed the effect of 300 mg of daily magnesium
supplementation compared to a placebo from 12 to 20 weeks’
gestation until delivery and showed no significant impact on pre-
eclampsia or severe pre-eclampsia [26]. Although adherence was
defined in this trial, compliance rates were not reported.

MMS interventions
The two studies [31, 38] that used multiple micronutrients differed
according to composition. Azami et al. compared three groups of
pregnant women who received a daily ferrous sulphate tablet with
a multimineral-vitamin D tablet consisting of 800mg calcium,
9 mg zinc and 400 IU vitamin D (Group A), a daily ferrous sulphate
tablet with vitamin C and vitamin E (Group B) or a daily ferrous
sulphate tablet alone (Group C) [38], while Parrish et al. assessed
the effect of a combination of phytonutrients including 7.5 mg of
beta-carotene, 234 mg of Vitamin C, 30 mg of vitamin E, 420mg of
folate and 60mg of calcium, taken twice daily until delivery,
compared to placebo [31]. There were no data reported on
compliance.
Pooled estimate of the 2 studies showed that MMS was not

associated with a reduction in overall pre-eclampsia (Fig. 2).
Parrish et al. also showed no reduction in the rate of severe pre-
eclampsia [31].

Diagnostic criteria for pre-eclampsia
The studies diagnosed and classified pre-eclampsia using primarily
SBP and DBP, urinary protein measurements and other clinical
indicators such as liver enzymes and platelet count (Table 5).

Quality of included studies
The quality of the studies included in this review is shown in
Supplementary Information 2. In total, 12 trials
[22, 24, 25, 27, 29, 32–35, 37, 40, 41] were assessed as ‘low risk
of bias,’ seven trials [23, 28, 30, 31, 36, 38, 39] as “high risk of bias”
and one [26] was classified as “some concerns.” The main source
of bias across the studies was either lack of information available
on compliance and adherence in the study or non-adherence to
the micronutrient supplementation intervention.

DISCUSSION
This review aimed to evaluate the effect of micronutrient
supplementation interventions on the development of pre-
eclampsia in women identified as high risk. Our findings showed
a lower rate of pre-eclampsia with calcium and vitamin D
supplementation. There was no effect of micronutrient supple-
mentation on severe pre-eclampsia. The review was limited by
studies not adequately powered to detect a difference in pre-
eclampsia and heterogeneity between studies was high.
Calcium supplementation has been previously reported to

reduce the risk of pre-eclampsia [7] with the greatest effects
observed in women with low calcium diets, however doses of
calcium varied significantly across the trials, ranging from 500mgTa
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Table 4. Screening at study entry and micronutrient supplementation interventions in included studies.

Reference Screening for pre-eclampsia Intervention Gestational age during
intervention

Hofmeyr et al. Women with previous pre-eclampsia and
were intending to become
pregnant again

I= 500mg of calcium carbonate daily
from prepregnancy until 20 weeks’
gestation
C= Placebo

From prepregnancy to
20 weeks’ gestation

Baba Dizavandy et al. Nulliparous women with singleton
pregnancies, 24 weeks of gestation,
blood pressure <140/90mmHg, a
positive roll-over test and hypocalcuria
at 28–32 weeks of pregnancy

I= 2000mg of calcium gluconate daily
C= Placebo

From 28–32 weeks gestation
to delivery

Herrera et al. First pregnancy, gestation between
28–32 weeks, biopsychosocial risk score
of 3 or more, positive roll-over test and
high mean arterial pressure

I= 50mg of linoleic acid and 600mg of
calcium daily
C= Placebo

From 28–32 weeks’ gestation
to delivery

Niromanesh et al. High-risk for pre-eclampsia (identified as
having positive results on rollover test
and at least one risk factor for pre-
eclampsia), gestational age between
28–32 weeks, blood pressure <140/
90mmHg

I= 2000 mg of calcium daily
C= Placebo

Until delivery

Sanchez-Ramos et al. Normotensive nulliparas at 20–24 weeks’
gestation at increased risk of developing
pregnancy-induced hypertension
(through positive angiotensin
sensitivity test)

I= 2000mg of calcium daily
C= Placebo

Not reported

Behjat et al. Pre-eclampsia in previous pregnancy,
serum 25-hydroxy vitamin D levels
>25 ng/ml

I= 50000 IU of vitamin D3 every 2 weeks
C= Placebo

Until 36 weeks’ gestation

Karamali et al. Pregnant women primigravida, age of
18–40 and risk of pre-eclampsia
(identified through uterine artery
Doppler)

I= 50000 IU of vitamin D3 every 14 days
C= Placebo

From 20 weeks’ to 32 weeks’
gestation

Samimi et al. Primigravida women, aged 18–40 years
old, at risk for pre-eclampsia (indicated
by laboratory tests including free ß-
human chorionic gonadotrophin, inhibin
α dimeric, unconjugated oestriol and
maternal serum α-foetoprotein and
haemodynamic assessment of uterine
artery Doppler waveform at 16–20 weeks
of gestation)

I= 50000IU of vitamin D3 every 2 weeks
and 1000mg calcium daily
C= Placebo

From 20 weeks’ to 32 weeks’
gestation

Chappell et al. Women with abnormal two-stage
uterine-artery doppler analysis weeks
and previous history of pre-eclampsia

I= 1000mg of vitamin C and 400 IU of
vitamin E daily
C= Placebo

From 16–22 weeks’ gestation
(depending on prior history
of pre-eclampsia) to delivery

Poston et al. Gestational age 14–21 weeks 6 days and
one or more risk factors for pre-
eclampsia including pre-eclampsia in the
pregnancy preceding the index
pregnancy, requiring delivery before 37
completed weeks’ gestation, diagnosis
of HELLP syndrome in any previous
pregnancy at any stage of gestation,
essential hypertension requiring
medication currently or previously,
maternal diastolic blood pressure of
≥90mmHg before 20 weeks’ gestation in
the current pregnancy, type 1 or type 2
diabetes requiring insulin or oral
hypoglycaemic therapy before the
pregnancy, antiphospholipid syndrome,
chronic renal disease, multiple
pregnancy, abnormal uterine artery
doppler waveform, primiparity with BMI
at first antenatal appointment of ≥30

I= 1000mg of vitamin C and 400IU
vitamin E daily
C= Placebo

From 14–21 weeks’ gestation
to delivery

Spinatto et al. Pregnant women between 12 and 19 6/
7 weeks gestation, non-proteinuric
chronic hypertension or with a prior

I= 1000mg of vitamin C and 400IU of
vitamin E daily
C= Placebo

From 12–19 weeks’ gestation
to delivery
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Table 4. continued

Reference Screening for pre-eclampsia Intervention Gestational age during
intervention

history of preeclampsia in their most
recent pregnancy that progressed
beyond 20 weeks gestation

Kalpdev et al. Essential hypertension, singleton
pregnancy, gestational age 16 to
22 weeks

I= 1000mg of vitamin C and 400IU of
vitamin E daily
C=No supplementation

From 16–22 weeks’ gestation
to delivery

Beazley et al. Pregnancy at 14–20 weeks and 6 days
with a history of previous pre-eclampsia,
chronic hypertension, insulin-requiring
diabetes or multiple gestation

I= 1000mg of vitamin C and 400IU of
vitamin E daily
C= Placebo

From 14–20 weeks’ gestation

Vadillo-Ortega et al. Increased risk of pre-eclampsia (history
of pre-eclampsia or pre-eclampsia in a
first degree relative)

I= 6.6 g of L-arginine + 500mg of
vitamin C+ 400IU of vitamin E daily
I2= 500mg of vitamin C+ 400IU of
vitamin E daily
C= Placebo

From 14–32 weeks’ gestation
to delivery

Villar et al. Pregnant women 14–22 weeks of
gestation and with high risk for pre-
eclampsia (chronic hypertension, renal
disease, pre-eclampsia-eclampsia in the
pregnancy preceding the index
pregnancy requiring delivery before
37 weeks’ gestation, HELLP syndrome in
any previous pregnancy, pregestational
diabetes, primiparous with a BMI ≥ 30,
history of preterm delivery, abnormal
uterine artery Doppler waveforms and
women with antiphospholipid
syndrome)

I= 1000mg of vitamin C and 400IU of
vitamin E daily
C= Placebo

14–22 weeks’ gestation to
delivery

Zheng et al. Previous pre-eclampsia, planning
pregnancy, aged over 18 years, daily folic
acid intake before randomization
<1.1 mg

C= Low dose folic acid (0.4 mg) daily
I=High dose folic acid (4mg) daily

Preconception to delivery

Wen et al. Pregnant women between 8–16
completed weeks of gestation and at
least one risk factor for pre-eclampsia
including pre-existing hypertension,
prepregnancy diabetes (type 1 or 2),
twin pregnancy, pre-eclampsia in a
previous pregnancy or BMI ≥ 35

I= 4mg of folic acid daily
C= Placebo

From 8–16 weeks’ gestation
to delivery

De Araujo et al. Women aged 18 to 45 years, 12 to
20 weeks of gestation, singleton
pregnancy and ≥1 risk factor for preterm
birth or adverse perinatal outcomes in a
prior pregnancy (i.e. preterm delivery
<37 weeks, still birth at 201/7 weeks,
placental abruption, pre-eclampsia or
eclampsia, a live-born infant with SGA
birthweight <3rd percentile or liveborn
infant with birthweight <2500 g) or in
current pregnancy (i.e. nulliparity,
chronic hypertension, type 1 or 2
diabetes mellitus, maternal age >35
years, pre-pregnancy BMI > 30 or
smoking)

I= 300mg of magnesium citrate daily
C= Placebo

From 12–20 weeks’ gestation
to delivery

Azami et al. Women with at least one risk factor for
pre-eclampsia (including chronic
vascular disease, hydatidiform mole,
multiparity, diabetes mellitus, thyroid
disease, chronic hypertension,
nulliparity, history of pre-eclampsia,
maternal age >35 years, kidney disease,
collagen vascular disease,
antiphospholipid antibody syndrome,
family history of pre-eclampsia, history
of thrombophilia and BMI > 25)

I1= Ferrous sulfate tablet + one
multimineral vitamin D tablet containing
800mg of calcium, 8mg of zinc and
400IU of vitamin D3 daily
I2= Ferrous sulfate tablet + 250mg of
vitamin C and 55mg of vitamin E daily
C= Ferrous sulfate tablet daily

From 20 weeks’ gestation to
delivery

Parrish et al. For low risk group: nulliparous or
multiparous women, singleton gestation

I= Phytonutrients (7.5 mg beta-carotene,
234mg vitamin C, 30mg vitamin E,

Any time up to 12 weeks’
gestation until delivery
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to 2000 mg. The mechanism is largely unknown; however it is
suggested that calcium lowers blood pressure [42] and may also
reduce activation of the vascular endothelium [43]. Our findings
support the use of calcium, in women with low dietary intake, to
reduce pre-eclampsia in high-risk women, however, the studies
had a small sample size and were under powered for the outcome
[22]. The variance amongst these trials, ranging from different
diagnostic criteria to the differences in sample size, highlights the
need for more well-powered and larger-scale trials to establish
when and how calcium supplementation can be the most
beneficial to women identified as high risk of developing pre-
eclampsia.
The vitamin D supplementation trials showed a slight

reduction in pre-eclampsia, however, from studies with a small
sample size. Previous reviews have reported on the lack of
consistent evidence of benefit of vitamin D supplementation and
its role in the prevention of pre-eclampsia, adding that
inconsistencies in reporting the timing and duration of the
intervention have not yet been adequately addressed [44]. Our
findings in high-risk women support this, with some studies
lacking clarity in reporting the intervention components [24] and
time of gestation during the intervention, highlighting the need
for further studies in higher risk women and better reporting in
clinical trials.
There was a slightly lower rate of pre-eclampsia with

antioxidants (vitamin C and E), however the confidence interval
included zero and adverse outcomes such as low birthweight [40]
were higher in the intervention arm. Previous reviews have
reported no benefit of vitamin C and E supplementation on pre-
eclampsia in ‘all-risk’ women, however there might be a protective
effect in low- and middle-income countries [8]. This review
provides some evidence that vitamin C and E supplementation
may reduce pre-eclampsia in higher-risk women by 4%, including
in low- and middle-income countries [35], however secondary
outcomes were unfavourable, including a higher instance of SGA
infants in the intervention arm. Oxidative stress is known to play a
pivotal role in the manifestation of conditions such as pre-
eclampsia [45], and alternative methods of reversing oxidative
stress or poor antioxidant status may be worth investigating
further in higher risk women.
This review found no evidence of benefit of folic acid

supplementation on the development of pre-eclampsia. A recent
2018 review of observational studies [46] reported that folic acid
was associated with lower risk of developing pre-eclampsia in
pregnancy, perhaps being most effective in combination with
multivitamins. However, RCTs evaluating the effect of folic acid on
the development of pre-eclampsia are scarce, with conflicting data
about the optimal dosages and whether it is best in isolation or
combination with other micronutrients [46] and suggests a need
for further research in women identified as high risk. Appropriately
designed RCTs which encompass both dosage comparison of folic

acid and stratify participants by high vs low risk are needed to
elucidate the role of folic acid in the prevention of pre-eclampsia.
A limited number of studies addressed the impact of

magnesium. Additionally, few studies assessed effects of MMS
supplements with considerable variation in the combination of
micronutrients used in each trial. A 2019 review reported
improvements in preterm birth, low birth weight and SGA when
supplemented with MMS together with iron and folic acid [47],
however the effect of MMS on pre-eclampsia is still unclear.
Higher-quality studies are needed to evaluate the potential
benefits of MMS on the prevention of pre-eclampsia with a focus
on finding the most effective combination of micronutrients. We
did not retrieve any studies assessing the efficacy of zinc in this
review.
Specific classifications of pre-eclampsia were reported in

11 studies [22, 25, 28, 31, 33, 34, 36, 37, 39–41], including mild,
severe and superimposed pre-eclampsia. There was no effect of
micronutrient supplementation interventions on severe pre-
eclampsia. Tailoring micronutrients and their dosages to
predicted severity of pre-eclampsia may be more beneficial
than more generalised preventative approaches, particularly in
this stratified population as opposed to all-risk women. With a
lack of reviews evaluating the effect of micronutrient supple-
mentation interventions on different classifications of pre-
eclampsia, future studies on pre-eclampsia and its various
severities, along with more exploration of the associated
predictive factors, could inform primary prevention strategies
to improve maternal healthcare.
The studies in this review used a wide variety of predictive

factors at study entry. Of the eight studies
[24, 25, 27, 30, 33, 35, 36, 38] with positive findings, five
[24, 25, 35, 36, 38] used a history of pre-eclampsia to identify
high-risk women whilst two studies used a positive roll-over test in
addition to another predictive factor [27, 30], with the remaining
study using a positive angiotensin sensitivity test [33]. A history of
pre-eclampsia was the most common factor used to select
participants at study entry, with very few studies using a
combination of more than one risk factor. Predictive factors have
shown to be most effective through a combination of using
maternal characteristics, biomarkers and other variables such as
the uterine artery doppler [17]. For example, a new first-trimester
screening algorithm combining MAP, uterine artery doppler and
circulating levels of placental growth factor (PIGF) to predict
preterm pre-eclampsia, has a true positive rate of 82%, almost
double the rate of detection via the UK National Institute for
Health and Care Excellence (NICE) guidelines which uses clinical
factors alone [48]. Many trials in this review may have benefited
from using prediction models, which utilise a combination of
specific variables and may offer higher predictive ability [48]. With
no study in this review using a validated prediction model to
identify high-risk women and a lack of externally validated

Table 4. continued

Reference Screening for pre-eclampsia Intervention Gestational age during
intervention

and no evidence of systemic vascular
disease
For high risk group: multiparous patients
with singleton gestation and a prior
history of preeclampsia (prior eclampsia,
prior mild or severe preeclampsia, prior
HELLP) or nulliparous/multiparous
patients with singleton gestation with a
documented history of chronic
hypertension, diabetes mellitus,
connective tissue disease or inherited/
acquired thrombophilia

420mg folate and 60mg calcium - mix
through a concentrate of blended fruit
and vegetable juice powder) taken twice
daily until delivery
C= Placebo
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Fig. 2 Forest plot of risk difference (95% CI) for overall pre-eclampsia, stratified by supplementation. Forest plot assessing risk of overall
pre-eclampsia with calcium, folic acid, vitamin C and E, vitamin D or multi-micronutrient supplementation. Key: (1) includes linoleic acid (2)
includes calcium (3) includes L-arginine (4) all participants given ferrous sulfate tablets.
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prediction algorithms, future studies assessing the effect of
micronutrient supplementation interventions in women at high
risk of developing pre-eclampsia could use validated prediction
models to select participants, with more trials also exploring
alternative combinations of predictive factors that accurately
determine women who are at high risk of developing pre-
eclampsia.
The trials included in this review also varied in other aspects of

study design and reporting of findings. In addition to differences
in the identification of high-risk women, there was variability in
the eligibility criteria, with one trial including women with other
co-morbidities, for example, kidney disease [38]. Furthermore,
some trials reported the diagnostic criteria of severe pre-
eclampsia, but several did not [31, 33, 36, 39, 41] while other
trials did not report a diagnostic criterion for any classification of
pre-eclampsia [29, 31, 32, 39]. There was a lack of reporting on
statistical methodology, in particular the inclusion of confounding
variables in the analysis. Several trials did not clearly state whether
confounding variables had been adjusted for. In those that did,
the most common confounding factors adjusted for were
maternal age and BMI. Compliance across the trials ranged from
moderate to high, with the majority of studies using tablet count
while Zheng et al. used plasma homocysteine levels as a method
of demonstrating the potential confounding effect of compliance
on the outcome of pre-eclampsia. Data for compliance was not
reported in several trials [23, 26–28, 30, 31, 38, 39] while there was
also variation across trials in the frequency, dosing and timing of
supplementation, while the gestational age at the time of
intervention was often not reported.
Two trials [18, 32] commenced in the preconception period.

Calcium is known to have a benefit in reducing the risk of pre-
eclampsia from 20 weeks’ gestation onwards, however our

findings suggest that calcium supplementation before this point
may not necessarily be effective as is shown by Hofmeyr et al. [22].
On the other hand, Zheng et al. reported that supplementation of
folic acid from preconception to delivery may effectively reduce
risk of severe pre-eclampsia [36]. Micronutrient supplementation
interventions may also be effective for different durations and at
different time points, which could be investigated in future trials
to further elucidate the effect of these micronutrients. However,
caution is imperative as our findings show that some micronu-
trient interventions, notably vitamin C and E, are not entirely
benign.

Strengths and limitations
This systematic review has several strengths. This study addressed
whether micronutrient interventions are effective in reducing the
development of pre-eclampsia in women identified as high risk for
the condition. Previous reviews have focused on an unselected
approach, often with no risk stratification. The identification of
women with an increased risk of developing pre-eclampsia might
enable targeted intervention in women most likely to benefit. This
work complements previous findings that calcium and vitamin D
are beneficial in reducing pre-eclampsia including in those
identified as high risk, whilst highlighting the need for more
large-scale well-powered studies with improved and more
consistent reporting of interventions and findings. A comprehen-
sive search strategy was used to screen for studies that targeted
interventions at higher risk populations by using a pre-specified
eligibility criteria. The findings from this review are important to
inform the design of future RCTs to improve the data quality and
clarify the effects of micronutrient supplementation, particularly in
women at high risk for pre-eclampsia and the effect on different
classifications of pre-eclampsia.
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This review has limitations. It only included studies published
in English which may have introduced publication bias. The high
risk of bias in several studies in this review highlights the low-
quality evidence in this research area and supports the need for
more robust future trials. Additionally, many trials with sig-
nificant results were not adequately powered to detect a
difference in pre-eclampsia between treatment groups or may
have overestimated the effect of the given intervention as a
result of a small sample size. The analysis was limited in scope as
pooling of data were not possible for all micronutrient
interventions, in addition to a lack of adjustment for potential
confounders. Furthermore, there was high methodological
variability between studies particularly with calcium, vitamin D
and vitamin C and E trials, limiting the consistency of data across
these studies. One reason for this may be because of differences
in the interventions themselves, as Herrera et al. did not
investigate calcium alone but in combination with linoleic acid,
whilst Samimi et al. investigated vitamin D given with calcium.
Additionally, the gestational age at which interventions were
administered varied significantly amongst trials. Finally, the risk
factors used to screen for women at high risk of pre-eclampsia
differed significantly between trials.

Recommendations for further research and practice
Our review highlighted the lack of studies of interventions
targeting higher risk women in the preconception period. Only
two studies [22, 36] in this review initiated the intervention in the
preconception period. With symptoms of pre-eclampsia beginning
from 20 weeks’ gestation, preconception and early pregnancy
interventions require further exploration as they may provide
greater insight into how to improve maternal and neonatal
outcomes. We have reported a lower rate of pre-eclampsia with
calcium and vitamin D, however, conclusions were limited by
small sample sizes, methodological variability and heterogeneity
between studies. Future studies of these two micronutrients are
warranted, however they must be larger-scale and well-powered
to allow more thorough and reliable conclusions to be drawn.
Additionally, several studies [24, 25, 30, 38, 39] in this review did
not clearly state the gestation of the participants at the beginning
and end of the given micronutrient supplementation intervention,
as well as failing to report on adherence and compliance. Better
reporting of trials is required in future studies to ascertain the
relationship between the effectiveness of the given micronutrient
supplementation intervention and the timing with which it is
administered. Further studies using externally validated prediction
models that have demonstrated higher predictive performance
such as models by Poon et al. [49] and Odibo et al. [50] with a
detection rate of 91.7% and 80.0% respectively for pre-eclampsia
requiring early delivery and use a variety of predictive factors such
as chronic hypertension and PAPP-A may additionally clarify the
effects of these micronutrients. Finally, future research is needed
to determine the effect of micronutrient supplementation
interventions on different classifications of pre-eclampsia, from
mild to superimposed pre-eclampsia, to progress towards a more
personalised and tailored approach in the primary prevention of
pre-eclampsia.

CONCLUSION
This study showed a small effect of calcium and vitamin D in the
prevention of pre-eclampsia in women who were identified as
higher risk of developing the condition. The review was limited by
the inclusion of studies with a small sample size. Significant
heterogeneity between studies as well as methodological
variability was evident. Further higher quality, large-scale RCTs
of calcium and vitamin D, the use of prediction modelling, and
particularly at different points of time before and during
pregnancy, may be beneficial to assess the efficacy ofTa

bl
e
5.

co
n
ti
n
u
ed

R
ef
er
en

ce
D
ia
g
n
os
ti
c
cr
it
er
ia

fo
r
p
re
-e
cl
am

p
si
a

Pr
e-
ec
la
m
p
si
a

C
la
ss
ifi
ca
ti
on

s
of

p
re
-e
cl
am

p
si
a

O
th
er

ou
tc
om

es

Pa
rr
is
h
et

al
.

N
o
t
re
p
o
rt
ed

H
ig
h
an

d
lo
w

ri
sk

g
ro
u
p
:

I=
15

.9
%

vs
C
=
16

.3
%
,p

=
0.
93

Lo
w

ri
sk

g
ro
u
p
:I
=
10

.7
%

vs
C
=
8.
8%

,p
=
0.
73

,[
R
R
=
1.
22

,
95

%
C
I
0.
40

–
3.
77

]
H
ig
h
ri
sk

g
ro
u
p
:I
=
19

.7
%

vs
C
=
21

.9
%
,p

=
0.
75

,[
R
R
=
0.
91

,
95

%
C
I
0.
49

–
1.
68

]

M
ild

p
re
-e
cl
am

p
si
a:

Lo
w

ri
sk

g
ro
u
p

I=
8.
9%

vs
C
=
8.
8%

,p
=
0.
98

[R
R
=
1.
02

,9
5%

C
I
0.
31

–
3.
32

];
h
ig
h

ri
sk

g
ro
u
p
I=

2.
6%

vs
C
=
1.
3%

,
p
=
0.
99

[R
R
=
1.
03

,9
5%

C
I

0.
07

–
16

.1
]

Se
ve
re

p
re
-e
cl
am

p
si
a:

Lo
w

ri
sk

g
ro
u
p
I=

0%
vs

C
=
0%

;h
ig
h
ri
sk

g
ro
u
p
I=

5.
3%

vs
C
=
3.
9%

,
p
=
0.
67

[R
R
=
1.
37

,9
5%

C
I

0.
32

–
5.
91

]
Su

p
er
im

p
o
se
d
p
re
-e
cl
am

p
si
a:

Lo
w

ri
sk

g
ro
u
p
I=

0%
vs

C
=
0%

;h
ig
h

ri
sk

g
ro
u
p
I=

11
.8
%

vs
C
=
16

.7
%
,

p
=
0.
40

[R
R
=
0.
71

,9
5%

C
I

0.
32

–
1.
56

]

N
o
t
si
g
n
ifi
ca
n
t

RR
re
la
ti
ve

ri
sk
,O

R
o
d
d
s
ra
ti
o
,A

RR
ab

so
lu
te

ri
sk

re
d
u
ct
io
n
,I
in
te
rv
en

ti
o
n
,C

co
n
tr
o
l,
IT
T
in
te
n
ti
o
n
to

tr
ea
t,
A
dj

ad
ju
st
ed

,S
D
st
an

d
ar
d
d
ev

ia
ti
o
n
,B

P
b
lo
o
d
p
re
ss
u
re
,D

BP
d
ia
st
o
lic

b
lo
o
d
p
re
ss
u
re
,S
BP

sy
st
o
lic

b
lo
o
d

p
re
ss
u
re
’

S. Gunabalasingam et al.

728

European Journal of Clinical Nutrition (2023) 77:710 – 730



micronutrient supplementation intervention in the prevention of
pre-eclampsia in high-risk women.
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